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Foreword 

When the International Project on Innovative Nuclear Reactors and Fuel Cycles (INPRO) was 
established in 2001, a nuclear ‘renaissance’ was discussed and anticipated; however, it was 
still a vision for the future.  

Yet, it was already clear at that time that any future global nuclear system, if it was to 
develop, should not be based exclusively on reactor designs used in the existing operational 
fleet. Innovative nuclear systems (INSs) — reactors and fuel cycles — were considered a 
necessity in the medium and longer term by all who had a future vision for nuclear 
development. The establishment of INPRO was an expression of that foresight: it addresses 
innovation in nuclear technologies and fuel cycles for deployment in the 21st century.  

Initially concentrating on technological innovation, i.e. R&D, and a methodology to assess 
INSs against criteria for sustainability — its main achievement to date — the focus of INPRO 
became much broader over the years. While INPRO continued to work on these two issues in 
2008, it also addressed innovations in institutional arrangements, and strived to develop a 
dialogue between technology holders and future technology users to identify primary areas 
where innovations are desirable. INPRO also initiated specific topical studies such as on legal 
issues. Finally, and most important, INPRO brought together the different existing and 
proposed national visions for a longer term future of nuclear energy and, to the extent 
possible, has sought to harmonize these visions so that the world can jointly build one 
nuclear future.   

INPRO supports the development of nuclear programmes in Member States in several ways. 
International cooperation and collaboration will be instrumental if a nuclear renaissance is to 
become a reality. INPRO is working at the forefront of such cooperation. It should be noted 
that INPRO is funded almost entirely from extrabudgetary resources, i.e. from voluntary 
contributions by INPRO members. 

As Project Manager of INPRO, I am pleased to present this progress report on INPRO 
activities in 2008 highlighting achievements by the IAEA Secretariat and INPRO Member 
States in all areas covered by the Project.  

I hope this report is of interest, and I invite you to support INPRO activities in the coming 
years.   

 

Yury A. Sokolov 

INPRO Project Manager  
Deputy Director General 
Head, Department of Nuclear Energy 
International Atomic Energy Agency 
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Recognition of INPRO 

World leaders have acknowledged INPRO’s strengths and contributions to nuclear 
development and the relevance of the issues which INPRO addresses on a number of 
occasions. 

R. Lubbers, Chair, Scientific Forum of the IAEA General Conference, 2008 

“The envisaged renaissance depends very much on the success of international 
cooperation and approaches, and thus on the Agency.” 

 

US–Russia Strategic Framework Declaration by US President George W. Bush 
and Russian President Vladimir Putin, 2008 

“The Russian Federation and the U.S. support the IAEA Project on Innovative Nuclear 
Reactors and Fuel Cycles (INPRO) that has brought together both the states with 

developed nuclear technology and states running small-scale nuclear programmes or 
just developing plans for peaceful use of nuclear energy.” 

 

G8 Summit, Global Energy Security, St. Petersburg, 2006 

“The development of innovative nuclear power systems is considered an important 
element for efficient and safe nuclear energy development. In this respect, we 

acknowledge the efforts made in the complementary frameworks of the INPRO project 
and the Generation IV International Forum.” 

 

M. ElBaradei, IAEA Director General 
Statement to the Fiftieth Regular Session of the IAEA General Conference, 

2006 

“Technological and institutional innovation is a key factor in ensuring the long term 
sustainability of nuclear power.” 

“INPRO addresses issues faced by all countries that choose nuclear power.” 

 

08-45321_INPRO Progress Report 2008_BODY_16 x 24.indd   6 2009-02-13   11:53:07



INPRO Progress Report 2008 

1 

Recognition of INPRO 

World leaders have acknowledged INPRO’s strengths and contributions to nuclear 
development and the relevance of the issues which INPRO addresses on a number of 
occasions. 

R. Lubbers, Chair, Scientific Forum of the IAEA General Conference, 2008 

“The envisaged renaissance depends very much on the success of international 
cooperation and approaches, and thus on the Agency.” 

 

US–Russia Strategic Framework Declaration by US President George W. Bush 
and Russian President Vladimir Putin, 2008 

“The Russian Federation and the U.S. support the IAEA Project on Innovative Nuclear 
Reactors and Fuel Cycles (INPRO) that has brought together both the states with 

developed nuclear technology and states running small-scale nuclear programmes or 
just developing plans for peaceful use of nuclear energy.” 

 

G8 Summit, Global Energy Security, St. Petersburg, 2006 

“The development of innovative nuclear power systems is considered an important 
element for efficient and safe nuclear energy development. In this respect, we 

acknowledge the efforts made in the complementary frameworks of the INPRO project 
and the Generation IV International Forum.” 

 

M. ElBaradei, IAEA Director General 
Statement to the Fiftieth Regular Session of the IAEA General Conference, 

2006 

“Technological and institutional innovation is a key factor in ensuring the long term 
sustainability of nuclear power.” 

“INPRO addresses issues faced by all countries that choose nuclear power.” 

 

08-45321_INPRO Progress Report 2008_BODY_16 x 24.indd   7 2009-02-13   11:53:07



INPRO Progress Report 2008 

2 

About INPRO 

General Information on INPRO 

The International Project on Innovative Nuclear Reactors and Fuel Cycles (INPRO) was 
initiated in 2001, on the basis of a resolution1 of the IAEA General Conference in 2000. 
INPRO activities have since been continuously endorsed by resolutions of IAEA General 
Conferences and by the General Assembly of the United Nations. 

The objectives of INPRO are to: 

• Help ensure that nuclear energy is available to contribute, in a sustainable manner, to 
meeting the energy needs of the 21st century;  

• Bring together technology holders and users so that they can consider jointly the 
international and national actions required for achieving desired innovations in nuclear 
reactors and fuel cycles. 

The following, more specific, missions include: 

• Providing a forum for discussion for experts and policy makers from industrialized and 
developing countries on all aspects of nuclear energy planning, as well as on the 
development and deployment of innovative nuclear energy systems (INSs) in the 21st 
century; 

• Developing a methodology to assess INSs on a global, regional and national basis, and 
to establish it as an IAEA recommendation; 

• Facilitating coordination and cooperation among Member States for the planning of INS 
development and deployment;  

• Focusing attention on the needs of developing countries interested in INSs. 

Strengths of INPRO 

Participation of both technology holders and technology users 

INPRO provides a forum to discuss the views of all stakeholders, notably nuclear technology 
holders and developers and nuclear technology users, and reach consensus. User 
requirements developed with the participation of end-users are an essential element of 
INPRO’s work programme.  

Time horizon 

The INPRO time horizon spans the next five decades and also considers the next century. 
Energy supply scenarios are expected to change during this time period, based on 
increasingly limited fossil fuel supplies and climate change. New applications, such as 
hydrogen production and seawater desalination for the production of drinking water, are also 
considered. 

Scope 

INPRO provides a holistic assessment of INSs and technologies encompassing all the 
installations of the nuclear fuel cycle, including reactors, as well as all areas having an 
impact on the consideration of sustainable development, such as economic competitiveness, 
environmental aspects, infrastructure, security and physical protection, proliferation 
resistance, safety, and waste management. INPRO seeks to examine the prospects of 
nuclear technology against this very broad background. 

                                       
1 IAEA General Conference resolution GC(44)/RES/21. 
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Mandate 

INPRO was initiated on the basis of an IAEA General Conference resolution. It is established 
as an open process, and access to results is provided to all IAEA Member States. 

Membership 

As of December 2008, INPRO had 28 members: Argentina, Armenia, Belarus, Belgium, 
Brazil, Bulgaria, Canada, Chile, China, the Czech Republic, France, Germany, India, 
Indonesia, Japan, the Republic of Korea, Morocco, the Netherlands, Pakistan, the Russian 
Federation, Slovakia, South Africa, Spain, Switzerland, Turkey, Ukraine, the United States of 
America and the European Commission (EC).  

IAEA Member States and recognized international organizations can become members of 
INPRO. A condition for membership is to make contributions to INPRO, which can be in the 
form of any of the following: providing extrabudgetary funds; providing cost free experts to 
INPRO; performing assessment studies using the INPRO methodology; or participating in 
INPRO Collaborative Projects. 

 

INPRO members (in green) as of December 2008. 

Collaboration with Other International Initiatives 

Generation IV International Forum 

INPRO and the IAEA work together with the Generation IV International Forum (GIF) to 
create synergy by: 

• Sending experts to the GIF Policy Group and to GIF Working Groups on Risk and 
Safety, Proliferation Resistance and Physical Protection, and Evaluation Modelling; 

• Reviewing each other’s documents, such as evaluation methodologies, as appropriate;  

• Organizing regular coordination meetings. 
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INPRO and GIF differ in several aspects: 

• Mission and activities: GIF is primarily focused on the R&D of nuclear technology 
to meet global needs. INPRO has a broad range of missions and activities, 
including providing a forum for experts on necessary innovation in nuclear energy, 
developing a methodology to assess innovative nuclear systems, providing 
common user considerations for the deployment of nuclear power in developing 
countries, and facilitating international cooperation on technological issues. 

• Membership: GIF membership is limited to those countries that can bring 
substantial resources and expertise to its R&D programmes, whereas INPRO 
members include both developed and developing countries. INPRO is open to all 
IAEA Member States. Currently, all members of GIF are also members of INPRO. 

INPRO and GIF have recognized the complementary nature of their organizations and the 
potential for creating synergies on nuclear technology development. GIF focuses on R&D and 
a methodology for system development. INPRO covers: (1) the assessment methodology; 
(2) infrastructure and institutional aspects; and (3) assistance to Member States for 
Collaborative Projects. INPRO combines both technology holders and users, and takes into 
account the particular needs of developing countries. 

Sustainable Nuclear Energy Technology Platform 

INPRO has established working contacts with the European Sustainable Nuclear Energy 
Technology Platform (SNETP), since this platform, similar to INPRO, seeks to formulate long 
term visions for nuclear development and their translation into R&D programmes for 
innovative nuclear reactors. In 2008, the first steps were taken to share information on 
relevant activities and to discuss options for future coordination. 

INPRO Organization and Management 

The organizational chart that follows illustrates the organization of INPRO. 

INPRO Steering Committee 

The Steering Committee guides INPRO’s activities. It consists of representatives from all 
INPRO members who meet regularly to review progress and provide guidance on future 
activities. Every two years the Committee endorses the INPRO Action Plan, which defines 
detailed task areas and priorities for implementing INPRO activities. 

Project Management 

The INPRO Project Manager is Y. Sokolov, IAEA Deputy Director General and Head of the 
Department of Nuclear Energy. He is supported by the INPRO Project Coordinator, who is 
responsible for the overall implementation of the project. The Project Coordinator defines key 
strategic and policy directions and makes final decisions on the scope, budget, resource 
allocation, and methods of work, following the guidance of the Steering Committee. The 
INPRO Project Coordinator is advised by Area Coordinators — senior level representatives 
from other IAEA programmes — to ensure effective coordination within the Secretariat. 

The INPRO Group Leader reports to the INPRO Project Coordinator, and is responsible for 
planning, developing, monitoring and leading the work of the INPRO Group, based on the 
INPRO Action Plan and the Joint Action Plan, which define cooperation with other parts of the 
IAEA. The Group Leader provides technical leadership for interaction with other international 
initiatives such as GIF, acts as scientific secretary to the Steering Committee, and chairs the 
weekly operations meeting of the INPRO Group. 

The INPRO Programme Liaison Officer reports to the Group Leader and is responsible for 
the implementation of the IAEA’s subprogramme on INPRO, including contracts, publications, 
programme and budget planning, and official travel. The officer is also responsible for 
outreach activities and for liaison with other international initiatives, and serves as secretary 
to the Area Coordinators Meeting.  
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Organizational chart of INPRO in 2008. 

INPRO Group  

Experts provided by participating INPRO members (known as ’cost free experts’), regular 
IAEA staff assigned to the project and consultants work at the IAEA Secretariat as the 
INPRO Group. Its members report to the Group Leader. As of December 2008, ten cost free 
experts from Canada, France, Indonesia, Japan, the Republic of Korea, the Russian 
Federation, Spain, Ukraine and the USA, and three regular staff were working for INPRO at 
the IAEA Secretariat. At the end of December 2008, 34 cost free experts from 17 INPRO 
Member States had contributed since the project started in 2001.  

History of INPRO 

Work under INPRO was defined in two phases, as illustrated in the figure below.  

 

Development of INPRO since 2001. 
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In Phase 1 (2001—2006), INPRO focused on developing an assessment methodology, called 
the INPRO methodology. Tested for consistency and completeness, the INPRO 
methodology was documented and published in two IAEA publications: Methodology for the 
Assessment of Innovative Nuclear Reactors and Fuel Cycles (IAEA-TECDOC-1434) and 
Guidance for the Evaluation of Innovative Nuclear Reactors and Fuel Cycles (IAEA-TECDOC-
1362). Starting in 2006, a detailed set of activities was prepared for Phase 2 of the project 
and endorsed at the 12th meeting of the INPRO Steering Committee in December 2007. 
These activities comprise the INPRO Action Plan for 2008–2009. Work is now progressing 
on six topical INPRO Tasks, as shown in the figure 

 

INPRO Tasks in the period 2008–2009. 

Two supplementary tasks — INPRO communications and support to the Steering Committee 
meetings — are implemented separately and also provide support for INPRO as a whole. 

  
INPRO 

Action Plan 
 

2008–2009

Task 1  

INPRO 
Methodology 

Task 2  

Assessment 
Studies 

Task 6 

INPRO 
Collaborative 

Projects  

Task 5 

Common  
User Con-
siderations 

Task 4 

Infrastructure 
and 

Institutional 
Innovation 

Task 3  

Nuclear 
Energy 

Visions for 
the 21st  
Century 
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Progress of INPRO in 2008 

Task 1: INPRO Methodology 

The INPRO methodology assesses an INS,2 compares different INSs to find a preferred one 
consistent with the sustainable development of a given country, and identifies R&D needs. It 
can also be applied in the assessment of a nuclear energy programme, such as the transition 
from a current fleet to an INS. The methodology takes a holistic approach to assess INSs in 
seven areas: economics; infrastructure; waste management; proliferation resistance; 
physical protection; environment; and safety. 

The INPRO methodology consists of a set of requirements organized in a hierarchy of basic 
principles, user requirements and criteria, which comprise an indicator and an acceptance 
limit in all INPRO areas, as shown in the figure. 

 
Structure of the INPRO methodology. 

The highest level in the INPRO hierarchy is a basic principle, which is a statement of a 
general goal that is to be achieved in an INS and provides broad guidance for R&D.  

The second level in the INPRO hierarchy is called a user requirement, which sets out 
measures to be taken, mostly by designers/developers but also by owners/operators and 
government institutions, to meet the general goal of the corresponding basic principle.  

On the third level, an INPRO criterion should be used by the INPRO assessor to verify 
whether the designer/developer or owner/operator or government institutions have met the 
user requirements. 

The ‘scope’ of the nuclear system to be assessed with the INPRO methodology — in terms of 
both facilities and the time horizon covered — depends on each country’s specific needs. 
Countries with an established nuclear power programme should assess their complete 
national nuclear energy system, i.e. encompassing all existing national nuclear facilities, 
corresponding institutional measures and planned future additions or substitutions until the 

                                       
2 An INS encompasses all nuclear facilities of the front and back end of a nuclear fuel cycle, i.e. 
mining/milling, conversion, enrichment, fuel fabrication, reactor, reprocessing, and final waste 
repository, together with all related institutional measures.   
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In Phase 1 (2001—2006), INPRO focused on developing an assessment methodology, called 
the INPRO methodology. Tested for consistency and completeness, the INPRO 
methodology was documented and published in two IAEA publications: Methodology for the 
Assessment of Innovative Nuclear Reactors and Fuel Cycles (IAEA-TECDOC-1434) and 
Guidance for the Evaluation of Innovative Nuclear Reactors and Fuel Cycles (IAEA-TECDOC-
1362). Starting in 2006, a detailed set of activities was prepared for Phase 2 of the project 
and endorsed at the 12th meeting of the INPRO Steering Committee in December 2007. 
These activities comprise the INPRO Action Plan for 2008–2009. Work is now progressing 
on six topical INPRO Tasks, as shown in the figure 

 

INPRO Tasks in the period 2008–2009. 

Two supplementary tasks — INPRO communications and support to the Steering Committee 
meetings — are implemented separately and also provide support for INPRO as a whole. 
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Progress of INPRO in 2008 

Task 1: INPRO Methodology 

The INPRO methodology assesses an INS,2 compares different INSs to find a preferred one 
consistent with the sustainable development of a given country, and identifies R&D needs. It 
can also be applied in the assessment of a nuclear energy programme, such as the transition 
from a current fleet to an INS. The methodology takes a holistic approach to assess INSs in 
seven areas: economics; infrastructure; waste management; proliferation resistance; 
physical protection; environment; and safety. 

The INPRO methodology consists of a set of requirements organized in a hierarchy of basic 
principles, user requirements and criteria, which comprise an indicator and an acceptance 
limit in all INPRO areas, as shown in the figure. 

 
Structure of the INPRO methodology. 

The highest level in the INPRO hierarchy is a basic principle, which is a statement of a 
general goal that is to be achieved in an INS and provides broad guidance for R&D.  

The second level in the INPRO hierarchy is called a user requirement, which sets out 
measures to be taken, mostly by designers/developers but also by owners/operators and 
government institutions, to meet the general goal of the corresponding basic principle.  

On the third level, an INPRO criterion should be used by the INPRO assessor to verify 
whether the designer/developer or owner/operator or government institutions have met the 
user requirements. 

The ‘scope’ of the nuclear system to be assessed with the INPRO methodology — in terms of 
both facilities and the time horizon covered — depends on each country’s specific needs. 
Countries with an established nuclear power programme should assess their complete 
national nuclear energy system, i.e. encompassing all existing national nuclear facilities, 
corresponding institutional measures and planned future additions or substitutions until the 

                                       
2 An INS encompasses all nuclear facilities of the front and back end of a nuclear fuel cycle, i.e. 
mining/milling, conversion, enrichment, fuel fabrication, reactor, reprocessing, and final waste 
repository, together with all related institutional measures.   
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end of the century. Countries without a nuclear power programme would assess their 
planned long term nuclear power programme in conjunction with overall energy and strategic 
planning for sustainable development, with a time horizon until the end of the century. 

In 2008, a multivolume INPRO Manual was published as Guidance for the Application of an 
Assessment Methodology for Innovative Nuclear Energy Systems (IAEA-TECDOC-1575).  

The INPRO Methodology 

The INPRO methodology is suitable for use both by countries with established nuclear 
programmes wishing to assess existing and future innovative solutions and systems, 
and by countries wishing to embark on new nuclear programmes for assessing possible 
future nuclear systems in a holistic manner. The IAEA offers support in the application 
of the INPRO methodology. 

Task 2: Assessment Studies 

By 2008, the INPRO methodology was applied in one joint and six national assessment 
studies, each of which have specific objectives and scopes: 

• Argentina: Assessment of additional nuclear energy capacity, for the period 2010–
2030, for evaluation of the nuclear fuel cycle;  

• Armenia: National assessment study for an INS in a country with small grids; 

• Brazil: Assessment of two small innovative reactors for electricity generation; 

• India: Assessment of a hydrogen generating INS in the national energy mix; 

• Republic of Korea: Assessment of the proliferation resistance of the DUPIC fuel 
cycle; 

• Ukraine: Assessment of the INS;  

• Joint assessment study of an INS based on a closed fuel cycle with fast reactors, 
involving Canada, China, France, India, Japan, the Republic of Korea, the Russian 
Federation and Ukraine. 

Results from the assessment studies can be used in two ways, as illustrated below: 

• To evaluate the viability of a scenario for nuclear energy development, and to 
identify R&D and national needs for further development of the INS;  

• To further improve the methodology itself by using feedback. 

 

Use of the INPRO methodology and assessment studies to identify R&D and national needs 
for the development of an INS. 
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In 2008, these studies were evaluated and analysed by the INPRO Group. The progress of 
the studies and the results of the evaluation are summarized in the following section. A full 
report on these studies is planned for issue in 2009. 

Assessment Study of Argentina 

The study assessed the complete national fuel cycle, consisting of all facilities of 
the front and back end and considered all INPRO areas. The national fuel cycle, 
based on indigenous uranium resources, was found to be capable to supply up 
to about 50% of fuel necessary for the planned enlargement of the nuclear 

power programme. The economic evaluation found the investment in the nuclear facilities to 
be economically viable, and the existing infrastructure for nuclear power was found to be 
generally adequate to cover the planned enlargement, including human resources and legal 
and institutional factors. A qualitative evaluation of the proliferation resistance of the 
complete fuel cycle found some weak points; however, it can be assumed that these would 
be compensated for by increased safeguard measures. There is a well established security 
regime in the country that fulfils all INPRO requirements in this area. No critical issues were 
found in the environmental assessment evaluating resources and stressors. The safety of all 
future nuclear facilities conforms to the requirements defined by INPRO. Based on the 
experience of applying the INPRO methodology, several topics were proposed for future 
study: public perception of risk of nuclear power, long term behaviour of materials used in 
radioactive waste repositories, advanced monitoring tools for the safeguarding of nuclear 
installations, and quantification of spin-offs (benefits) of nuclear power. 

Assessment Study of Armenia 

The assessor performed a detailed evaluation of the present and future options 
for energy supply until 2025, with a particular focus on the security of supply 
and the role of nuclear power. For a reliable supply of electricity, Armenia’s 

currently operating nuclear power plant (supplying about 40% of the country’s electricity) 
should be replaced by a new plant around 2015. For this planned nuclear programme, all 
INPRO areas were assessed using the IRIS reactor concept to check the applicability of the 
INPRO methodology for the specific requirements of the country. No critical issues were 
found in any INPRO area that could not be solved in the future. The assessment also 
supported a comprehensive understanding of all issues associated with the installation of 
new nuclear power plants in Armenia. 

Assessment Study of Brazil 

A detailed evaluation of the current energy supply situation in the country and 
future options was undertaken as defined in the energy policy to satisfy the 
projected growth of national energy demand. The main additional supply of 

energy until 2030 will be provided by hydro plants (88 000 MW(e)), natural gas (12 
300 MW(e)), renewables (wind, biomass, 11 000 MW(e)), and coal (4600 MW(e)); the 
projected increase of nuclear power is predicted to be 5300 MW(e) during that time period. 
Two specific reactor designs, based on development work within the country, were assessed 
in two INPRO areas: for the IRIS reactor design the INPRO areas of safety and economics 
were chosen; for the Fixed Bed Nuclear Reactor (FBNR) design, the areas of safety and 
proliferation resistance were selected. The safety assessment confirmed the high level of 
safety reached in the IRIS design, and predicted a similar safety level for the FBNR design, 
which is in an early design phase. The economic assessment of IRIS was done by comparing 
the new modular design (three modules) with a large operating nuclear unit in Brazil, i.e. 
ANGRA-2. The study revealed that three modules of IRIS are an economically viable option 
compared with installing a single large unit. The assessment of the proliferation resistance of 
the FBNR design demonstrated the high potential of this new design. For both designs a 
detailed list of R&D actions were defined, to be carried out before commercial application can 
be envisaged. 

Assessment Study of India 

The Indian study assessed the replacement of fossil fuel by hydrogen in the 
transportation sector. Several hydrogen production methods were evaluated 
together with required energy sources. The study concluded that electrolysis 
may be the most attractive hydrogen production method during the introduction 

of a hydrogen system, to be replaced later by other high temperature chemical processes 
(iodine–sulphur or copper–chlorine). The energy needed for hydrogen production could be 
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The INPRO Methodology 
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programmes wishing to assess existing and future innovative solutions and systems, 
and by countries wishing to embark on new nuclear programmes for assessing possible 
future nuclear systems in a holistic manner. The IAEA offers support in the application 
of the INPRO methodology. 

Task 2: Assessment Studies 

By 2008, the INPRO methodology was applied in one joint and six national assessment 
studies, each of which have specific objectives and scopes: 

• Argentina: Assessment of additional nuclear energy capacity, for the period 2010–
2030, for evaluation of the nuclear fuel cycle;  

• Armenia: National assessment study for an INS in a country with small grids; 

• Brazil: Assessment of two small innovative reactors for electricity generation; 

• India: Assessment of a hydrogen generating INS in the national energy mix; 

• Republic of Korea: Assessment of the proliferation resistance of the DUPIC fuel 
cycle; 

• Ukraine: Assessment of the INS;  

• Joint assessment study of an INS based on a closed fuel cycle with fast reactors, 
involving Canada, China, France, India, Japan, the Republic of Korea, the Russian 
Federation and Ukraine. 

Results from the assessment studies can be used in two ways, as illustrated below: 

• To evaluate the viability of a scenario for nuclear energy development, and to 
identify R&D and national needs for further development of the INS;  

• To further improve the methodology itself by using feedback. 
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In 2008, these studies were evaluated and analysed by the INPRO Group. The progress of 
the studies and the results of the evaluation are summarized in the following section. A full 
report on these studies is planned for issue in 2009. 

Assessment Study of Argentina 

The study assessed the complete national fuel cycle, consisting of all facilities of 
the front and back end and considered all INPRO areas. The national fuel cycle, 
based on indigenous uranium resources, was found to be capable to supply up 
to about 50% of fuel necessary for the planned enlargement of the nuclear 

power programme. The economic evaluation found the investment in the nuclear facilities to 
be economically viable, and the existing infrastructure for nuclear power was found to be 
generally adequate to cover the planned enlargement, including human resources and legal 
and institutional factors. A qualitative evaluation of the proliferation resistance of the 
complete fuel cycle found some weak points; however, it can be assumed that these would 
be compensated for by increased safeguard measures. There is a well established security 
regime in the country that fulfils all INPRO requirements in this area. No critical issues were 
found in the environmental assessment evaluating resources and stressors. The safety of all 
future nuclear facilities conforms to the requirements defined by INPRO. Based on the 
experience of applying the INPRO methodology, several topics were proposed for future 
study: public perception of risk of nuclear power, long term behaviour of materials used in 
radioactive waste repositories, advanced monitoring tools for the safeguarding of nuclear 
installations, and quantification of spin-offs (benefits) of nuclear power. 

Assessment Study of Armenia 

The assessor performed a detailed evaluation of the present and future options 
for energy supply until 2025, with a particular focus on the security of supply 
and the role of nuclear power. For a reliable supply of electricity, Armenia’s 

currently operating nuclear power plant (supplying about 40% of the country’s electricity) 
should be replaced by a new plant around 2015. For this planned nuclear programme, all 
INPRO areas were assessed using the IRIS reactor concept to check the applicability of the 
INPRO methodology for the specific requirements of the country. No critical issues were 
found in any INPRO area that could not be solved in the future. The assessment also 
supported a comprehensive understanding of all issues associated with the installation of 
new nuclear power plants in Armenia. 

Assessment Study of Brazil 

A detailed evaluation of the current energy supply situation in the country and 
future options was undertaken as defined in the energy policy to satisfy the 
projected growth of national energy demand. The main additional supply of 

energy until 2030 will be provided by hydro plants (88 000 MW(e)), natural gas (12 
300 MW(e)), renewables (wind, biomass, 11 000 MW(e)), and coal (4600 MW(e)); the 
projected increase of nuclear power is predicted to be 5300 MW(e) during that time period. 
Two specific reactor designs, based on development work within the country, were assessed 
in two INPRO areas: for the IRIS reactor design the INPRO areas of safety and economics 
were chosen; for the Fixed Bed Nuclear Reactor (FBNR) design, the areas of safety and 
proliferation resistance were selected. The safety assessment confirmed the high level of 
safety reached in the IRIS design, and predicted a similar safety level for the FBNR design, 
which is in an early design phase. The economic assessment of IRIS was done by comparing 
the new modular design (three modules) with a large operating nuclear unit in Brazil, i.e. 
ANGRA-2. The study revealed that three modules of IRIS are an economically viable option 
compared with installing a single large unit. The assessment of the proliferation resistance of 
the FBNR design demonstrated the high potential of this new design. For both designs a 
detailed list of R&D actions were defined, to be carried out before commercial application can 
be envisaged. 

Assessment Study of India 

The Indian study assessed the replacement of fossil fuel by hydrogen in the 
transportation sector. Several hydrogen production methods were evaluated 
together with required energy sources. The study concluded that electrolysis 
may be the most attractive hydrogen production method during the introduction 

of a hydrogen system, to be replaced later by other high temperature chemical processes 
(iodine–sulphur or copper–chlorine). The energy needed for hydrogen production could be 
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supplied by a high temperature reactor (HTR); several HTR designs were evaluated with 
different core (e.g. enrichment), fuel designs (blocks, pebble bed) and coolants (helium or 
lead/molten salt). INPRO requirements for a co-located hydrogen plant were derived. Several 
safety related issues for the HTR were identified that need further R&D. 

Assessment Study of the Republic of Korea 

The prime objective of this study was to develop a method of qualitative 
analysis to determine the level of proliferation resistance of nuclear fuel cycles. 
The method of analysis defined a large number of parameters, e.g. enrichment 
of fuel or the isotopic composition of fuel. These parameters influence the level 

of proliferation resistance; qualitative levels of proliferation resistance could be very weak to 
very strong, or a range of values. The method developed was then applied to the DUPIC fuel 
cycle, where spent fuel from PWRs is converted to fresh fuel for CANDU reactors. Based on 
this study, the INPRO methodology for assessing proliferation resistance was developed. 

Assessment Study of Ukraine 

The assessor performed a comprehensive energy planning study that defined 
clearly the role of nuclear power until the year 2030. Nuclear power is expected 
to increase its capacity until 2030 to 219 billion kW·h per year, which is more 

than double the value of 2005 (89 billion kW·h per year). Several options for the national 
fuel cycle were investigated based on different assumptions about the use of national 
production facilities, e.g. producing the fuel elements in a national facility based on the 
import of enriched UF6, or leasing the fuel elements from a foreign supplier. Fourteen 
different options were assessed in all INPRO areas except physical protection. The results of 
the assessment were numerically aggregated and the options were compared with each 
other. A numerical scheme was used to take into account the maturity of each option. Each 
of the assessed fuel cycle options showed different strengths and weaknesses in different 
INPRO areas.  

Joint Study on an INS Based on Closed Nuclear Fuel Cycles with Fast Reactors (INS 
CNFC–FR) 

        

The Joint Study, initiated by the Russian Federation, was started in 2005 and completed in 
2007; Canada, China, France, India, Japan, the Republic of Korea, the Russian Federation, 
and Ukraine participated. The objectives were to assess an INS based on a closed fuel cycle 
with fast reactors to meet the criteria of sustainability, determine milestones for the INS 
deployment, and establish frameworks for, and areas of, collaborative R&D work.  

The Joint Study was implemented in several steps. First, experts analysed the 
country/region/world data, discussed national and global scenarios for introducing the INS 
CNFC–FR, identified technologies suitable for the INS, and broadly defined a common INS 
CNFC–FR. In the second step, the study examined the characteristics of the INS CNFC–FR for 
compliance with INPRO criteria. It was agreed to use as a reference system a near term INS 
CNFC–FR based on proven technologies, such as sodium coolant, MOX pellet fuel and 
aqueous reprocessing technology. The main results and findings of the study concerning the 
multidimensional assessment of the reviewed INS are summarized in the following: 

• Although the safety characteristics of near term INS CNFCFRs are considered to be in 
compliance with INPRO requirements, further study is required to achieve a lower 
level of risk of severe accidents. 

• In some countries, the introduction of fast reactors might contribute to an efficient 
use of nuclear fuel resources by increasing the use of plutonium fuels and 
denaturated uranium fuel, to be generated in the fast reactor blankets, if needed. 

• The INS CNFC–FR has the potential to meet all of today’s requirements of waste 
management. By developing and introducing novel technologies for an optimal 
management of nuclear fissile products and minor actinides, the INS CNFC–FR would 
have the potential for a ‘breakthrough’ in meeting sustainability requirements related 
to waste management. 
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• Due to the intrinsic, i.e. technological features of the INS CNFC–FR, its proliferation 
resistance could be comparable to, or higher than, that of a once-through fuel cycle 
(OTFC). The INS is a key technology for the balanced use of fissile materials. The 
Joint Study concluded that the intrinsic features of the INS offer a unique technology 
platform for meeting the basic principles of sustainability in the area of proliferation 
resistance. Further developing extrinsic measures, e.g. implementation of safeguard 
agreements and additional protocols in force, would facilitate the transition to a new 
and higher level of nuclear power proliferation resistance. 

• A CNFC–FR requires a regional or multilateral approach to front and back end fuel 
cycle services and the transition to a global nuclear architecture. 

• The design of currently operating nuclear energy systems with CNFC–FRs will not 
meet economic requirements. The Joint Study showed that simplifying the design, 
increasing the fuel burnup and reducing costs by R&D, along with small series 
constructions, would make the costs of nuclear power plants with fast reactors 
comparable to those of thermal reactor and fossil fuelled power plants. 

Task 3: Nuclear Energy Visions for the 21st Century 

INPRO Task 3 investigates and formulates visions on the opportunities and challenges for 
nuclear energy in the 21st century. The objectives of Task 3 are, in particular, to: 

• Support capacity building in scenario/vision analysis in Member States; 

• Establish and analyse reference scenarios for large scale global nuclear energy 
development. 

In doing so, Task 3 is linked with other activities, in particular with four INPRO Collaborative 
Projects, as shown below. 

 

Relationship between INPRO Task 3 and relevant INPRO Collaborative Projects. 

Activities under Task 3 include the definition of different options and scenarios for the global 
and regional development of nuclear energy over the next 50 years, identifying the 
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safety related issues for the HTR were identified that need further R&D. 
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The method of analysis defined a large number of parameters, e.g. enrichment 
of fuel or the isotopic composition of fuel. These parameters influence the level 
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very strong, or a range of values. The method developed was then applied to the DUPIC fuel 
cycle, where spent fuel from PWRs is converted to fresh fuel for CANDU reactors. Based on 
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production facilities, e.g. producing the fuel elements in a national facility based on the 
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CNFC–FR based on proven technologies, such as sodium coolant, MOX pellet fuel and 
aqueous reprocessing technology. The main results and findings of the study concerning the 
multidimensional assessment of the reviewed INS are summarized in the following: 

• Although the safety characteristics of near term INS CNFCFRs are considered to be in 
compliance with INPRO requirements, further study is required to achieve a lower 
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• Due to the intrinsic, i.e. technological features of the INS CNFC–FR, its proliferation 
resistance could be comparable to, or higher than, that of a once-through fuel cycle 
(OTFC). The INS is a key technology for the balanced use of fissile materials. The 
Joint Study concluded that the intrinsic features of the INS offer a unique technology 
platform for meeting the basic principles of sustainability in the area of proliferation 
resistance. Further developing extrinsic measures, e.g. implementation of safeguard 
agreements and additional protocols in force, would facilitate the transition to a new 
and higher level of nuclear power proliferation resistance. 

• A CNFC–FR requires a regional or multilateral approach to front and back end fuel 
cycle services and the transition to a global nuclear architecture. 

• The design of currently operating nuclear energy systems with CNFC–FRs will not 
meet economic requirements. The Joint Study showed that simplifying the design, 
increasing the fuel burnup and reducing costs by R&D, along with small series 
constructions, would make the costs of nuclear power plants with fast reactors 
comparable to those of thermal reactor and fossil fuelled power plants. 

Task 3: Nuclear Energy Visions for the 21st Century 

INPRO Task 3 investigates and formulates visions on the opportunities and challenges for 
nuclear energy in the 21st century. The objectives of Task 3 are, in particular, to: 

• Support capacity building in scenario/vision analysis in Member States; 

• Establish and analyse reference scenarios for large scale global nuclear energy 
development. 

In doing so, Task 3 is linked with other activities, in particular with four INPRO Collaborative 
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Relationship between INPRO Task 3 and relevant INPRO Collaborative Projects. 
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corresponding type of nuclear fuel cycle, reactor technologies, and fissile materials, and the 
modalities for spent fuel recycling, storage and disposal. Institutional arrangements for the 
implementation of nuclear energy systems in developing countries are also being addressed, 
including leasing of nuclear fuel, trade of fissile material and multinational approaches (MNA) 
for enrichment, reprocessing and disposal. 

In 2008, work continued on an INPRO study on Opportunities and Challenges of Large-Scale 
Nuclear Energy Development,3 first undertaken in 2005–2006. The findings to date are 
summarized in a new INPRO publication on Global Scenarios and Regional Trends of Nuclear 
Energy Development in the 21st Century. The study covers the development of the 
procedures, assumptions and tools, including simulation models for large scale nuclear 
energy development, and includes a set of assumptions for global analysis of the 
development of INSs. The report: 

• Analyses, in a general manner, the potential contribution of future nuclear energy 
systems to sustainable global energy supply, considering the different development 
directions in different regions of the world. 

• Proposes a blueprint for INSs suitable to meet expected nuclear energy demand 
growth rates, taking into account related sustainability challenges and time 
dependent targets, and provides key indicators for the blueprint (such as energy 
production by different types of reactors, energy generating costs, required 
investments, fissile material balance, isotope consumption/inventory, enrichment 
capacities, and required capacities of storages/repositories). 

• Studies the balance of materials (e.g. U, Pu), spent fuel flows, availability and 
demand of enrichment and reprocessing capacities and requirements for key supply 
materials. 

• Presents the assessment of economic parameters of NPPs and fuel cycles for the 
selected blueprints of INSs, including a qualitative estimation of R&D costs and 
related human resources requirements. 

• Develops possible deployment scenarios for INSs, including implications for the 
infrastructure considering the directions of nuclear energy development in different 
regions of the world and current regional trends. 

Task 4: Infrastructure and Institutional Innovation  

Activities under Task 4 target the development and deployment of INSs by addressing issues 
such as a regional approach for smooth deployment of INSs, licensing and financing for 
developing countries, innovative options for nuclear fuel cycles and non-stationary small and 
medium sized reactors. 

Transportable nuclear installations (TNIs) are of particular interest for niche applications, 
especially for areas with limited infrastructure or for non-electric applications, for countries 
with small electrical grids, remote and difficult to access areas, or with many isolated islands.  

Such TNIs may have unique features and their deployment faces many technical and non-
technical challenges. In the non-technical area, challenges and possible areas for further 
investigation have been identified under Task 4, including: 

• International conventions (in particular international maritime law); 

• Bilateral or multilateral arrangements made at industrial or governmental level; 

• National nuclear legislation; 

• Safety standards; 

• New regulatory and licensing approaches; 

• Sharing responsibility for liability and security; 

                                       
3 See Guidance for the Application of an Assessment Methodology for Innovative Nuclear Energy 
Systems (Vols 1–9) (IAEA-TECDOC-CD 1575), and Guidance for the Evaluation of Innovative Nuclear 
Reactors and Fuel Cycles (IAEA-TECDOC-1362), in the Bibliography. 
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Possible options of TNIs: on ships, by rail, by truck and bargemounted. 

• Security of fuel supply; 

• Human resource management; 

• New approaches to the use of nuclear fuel. 

In response to the challenges associated with the development and use of TNIs, a study on 
Legal and Institutional Issues of Small Transportable Nuclear Installations was undertaken in 
2008. The objectives of the study are to: 

• Study legal and institutional infrastructure issues, identify possible benefits and 
challenges for the deployment of TNIs, taking into account economic and technical 
aspects using various deployment schemes;  

• Propose solutions and make recommendations to address these challenges. 

The scope of the study includes: licensing, insurance, guarantees for nuclear fuel supply, 
transportation, monitoring and control, economic schemes/mechanisms, security, a register 
of the unique accountable threats, physical protection, nuclear materials accounting and 
control, legal support, smoothing out barriers in the legislation of participating countries, 
rules for announcing and providing services, maintenance and repair centres, international 
standardization and certification, testing centres, and human resources.  

Particular attention was given to scenarios for TNI deployment, which form the starting point 
for all further work, identification of specific characteristics of TNIs, and definitions in line 
with existing IAEA terminology. The study is independent of specific contracting options, so 
that each scenario may include a variety of contracting options such as build–own–operate 
(BOO), build–own–operate-transfer (BOOT) and annual or lifetime contracts for electricity.  

The study does not refer to any particular design or reactor size, although emerging 
innovative technologies exist; collaboration of technology holders for technology 
development is thus also part of the scope of Task 4. 

Task 5: Common User Considerations 

In response to a resolution of the 50th IAEA General Conference, INPRO embarked on a new 
two year activity in 2007 on common user considerations (CUCs), to identify commonalities 
in the expectations of the nuclear energy system that developing countries — as technology 
user Countries — would like to deploy.  
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3 See Guidance for the Application of an Assessment Methodology for Innovative Nuclear Energy 
Systems (Vols 1–9) (IAEA-TECDOC-CD 1575), and Guidance for the Evaluation of Innovative Nuclear 
Reactors and Fuel Cycles (IAEA-TECDOC-1362), in the Bibliography. 
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The CUC activity was also intended to promote early and effective dialogue between 
technology users and technology holders. Through the CUC activity, INPRO has reached out 
to 26 countries that are not members. More than 200 experts from 35 developing countries 
participated. 

In stage 1, the activity was dedicated to collecting CUCs. Fifty-four countries were identified 
as technology user countries, as shown below (Algeria, Angola, Argentina, Armenia, 
Bangladesh, Belarus, Bolivia, Brazil, Bulgaria, Burkina Faso, Cameroon, Chile, Croatia,  
the Czech Republic, the Dominican Republic, Egypt, Estonia, Ethiopia, Georgia, Ghana, 
Hungary, Indonesia, Islamic Republic of Iran, Jordan, Kazakhstan, Kenya, Latvia, Libyan 
Arab Jamahiriya, Lithuania, Malaysia, Mexico, Mongolia, Morocco, Namibia, Nigeria, Pakistan, 
Philippines, Poland, the Republic of Moldova, Romania, Senegal, Slovakia, South Africa, 
Sudan, Syrian Arab Republic, United Republic of Tanzania, Thailand, Tunisia, Turkey, 
Ukraine, Uruguay, Venezuela, Vietnam and Yemen). Given the large number of potential 
technology user countries, seven countries were then selected to be representative of all 
technology user countries. 

 

The 54 countries (in grey) identified as technology user countries under the CUC Task 5. 

In 2008, a report summarizing the CUCs for future nuclear energy systems to be deployed 
by technology user countries was finalized.4 It provides high level considerations and the 
features that should be addressed in future nuclear power plant designs developed and 
deployed by technology holders in technology user countries.  

The report details the characteristics of technology user countries, which account for 34% of 
the world’s population and 13% of the world’s gross domestic product. Also, the report 
indicates that more than 50% of the user countries surveyed plan to operate nuclear power 
plants by 2030, thus providing a total nuclear capacity higher than the IAEA projection.  

In the framework of selected assumptions and limitations, expectations from users indicate 
the number of new units; 38% of the additional units are in the small (<300 MW(e)) and 
medium (<700 MW(e)) range and 62% are in the 1000 MW(e) or larger range.  

The common considerations and/or expectations by technology users include utilization of 
the experience of technology holders, improvement of national capability, local infrastructure 
and skills, and use of the same nuclear technology as deployed in technology holder 
countries.  

                                       
4 See Common User Considerations by Developing Countries for Future Nuclear Power Plants, in the 
Bibliography. 
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Expectations for number of new units in 31 technology user countries surveyed under INPRO 
Task 5. 

This would involve proven features of safety, security and non-proliferation, limitation of 
project risks and facilitation of financing, competitiveness of electricity and generation cost. 
Project and technical aspects should also be taken into account, such as short project 
duration, support for financing, good operational performance, ease of 
operation/maintenance, and adequate intermediate spent fuel storage. The considerations 
also include the assurance of sustained operation and a long term approach to spent fuel 
management, in particular related to adequate intermediate spent fuel storage and flexibility 
in the use of fuel in the future. Experts in some technology user countries also proposed the 
inclusion of a requirement for spent fuel take-back by supplier countries as an option. 

Results from Stage 1 were refined in a second report, to be published in 2009,5 that 
interprets some of the initial high level considerations in more detail. 

‘Proven’ technology 

Technology users and technology holders concluded that it is difficult to define absolute 
numerical criteria as to whether a technology should be referred to as ‘proven’. They agreed 
on future joint activities to define what is required to ensure that a technology is proven. 

Information on cost 

Although exact cost figures are difficult to agree on, future activities in this field should aim 
at defining mechanisms to encourage suppliers to provide ‘best estimate’ cost summaries for 
the purpose of comparing technology options even before bidding processes.  

Safety regulation and licensing 

Successful licensing experience in other countries and/or provision of licensing information 
from previous design evaluations could contribute to assert the readiness or maturity of one 
particular technology or of one particular design. In addition, future activities in this field 

                                       
5 See INPRO CUC Stage 2 Report, in the Bibliography. 
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5 See INPRO CUC Stage 2 Report, in the Bibliography. 
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should aim at reaching consensus on conditions for transfer of regulatory information before 
or during the bidding process.  

Optimization of resources 

An issue of sustainable supply of energy resources and raw materials for national economies 
should be addressed in an integrated national strategy that considers multiple perspectives 
and various policies, and promotes further cooperation in the back end of the fuel cycle 
between Member States by increasing resource efficiency, promoting recycling and waste 
management cooperation.  

Approaches to standardization 

Since activities on standardization are carried out in several countries, this topic does not 
require support from INPRO. Future INPRO activities in this field should aim at discussions 
with and between technology users and technology holders on how standardization and 
flexibility for national preferences could be achieved. It was also recommended to define 
generic site characteristics.  

Task 6: Collaborative Projects 

As a key element of Phase 2 of INPRO, 12 Collaborative Projects are being implemented by 
INPRO members. At the end of 2008, ten projects were established and operational; two 
projects are still being developed. 

Thematically, the projects can be grouped into the following categories: 

Scenarios for nuclear energy development 

• Global Architecture of Innovative Nuclear Energy Systems based on Thermal and 
Fast Reactors including Closed Fuel Cycles (GAINS);  

• Meeting Energy Needs in the Period of Raw Materials Insufficiency during the 
21st Century (RMI); 

• Fuel Cycles for Innovative Nuclear Systems through Integration of Technologies 
(FINITE); 

• Investigations of the 233U/Th Fuel Cycle (ThFC). 

These four projects are closely linked to INPRO Task 3: Nuclear Energy Visions for 
the 21st Century. 

Nuclear safety 

• Performance Assessment of Passive Gaseous Provisions (PGAP); 

• Safety Issues for Advanced High Temperature Reactors and their Combined 
Operation with Hydrogen Producing Plants (HTR H2) (in preparation). 

Proliferation resistance 

• Proliferation Resistance: Acquisition/Diversion Pathway Analysis (PRADA). 

Technical challenges in reactor technologies 

• Investigation of Technological Challenges related to the Removal of Heat by 
Liquid Metal and Molten Salt Coolants from Reactor Cores Operating at High 
Temperatures (COOL); 

• Advanced Water Cooled Reactors (AWR); 

• Decay Heat Removal for Liquid Metal Cooled Reactors (DHR). 

Environment and infrastructure 

• Implementation Issues for the use of Nuclear Power in Smaller Countries 
(SMALL) 
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• Environmental Impact Benchmarking relative to an Innovative Nuclear System 
Component (ENV) (in preparation). 

Project 1. Global Architecture of Innovative Nuclear Systems based 
on Thermal and Fast Reactors including Closed Fuel Cycles 

The objective of the Collaborative Project on Global Architecture of Innovative Nuclear 
Systems based on Thermal and Fast Reactors including Closed Fuel Cycles (GAINS), initiated 
in 2007, is to develop a standard framework — including a methodological platform, 
assumptions and boundary conditions — for assessing future nuclear energy systems taking 
into account sustainable development, and to validate the results through sample analyses. 
This includes:  

• Estimating, as a basis for modelling work, nuclear energy needs during the 21st 
century at the global and regional levels (non-geographical);  

• Establishing, and analysing using existing modelling tools, a representative set of 
nuclear energy systems, taking into account the dynamic interactions between the 
different elements of the fuel cycle and evolution of the technologies;  

• Evaluating analytical tools to address these two objectives in the near future, and 
ranking the potential needs of development.  

In 2008, GAINS was established and was operational with approved terms of reference and 
an implementation plan. Together with the Collaborative Projects RMI, FINITE and ThFC, 
GAINS is closely linked to INPRO Task 3. It has the highest number of participants of any 
INPRO collaborative project, including Argentina, Belgium, Canada, China, the Czech 
Republic, France, India, Japan, the Republic of Korea, the Russian Federation, Slovakia, 
Ukraine, USA, the European Commission, and Italy as an observer.  

The first step under GAINS was to select two nuclear energy demand scenarios, as illustrated 
below: 

• A high nuclear energy demand scenario, a variant of the medium expectation of the 
IPCC SRES (International Panel on Climate Change/Special Report on Emissions 
Scenarios). In this scenario, nuclear energy capacities reach approximately 1500 
GW(e) by the middle of the century and 5000 GW(e) by 2100.  

• A moderate nuclear energy demand scenario, assuming approximately 1000 GW(e) 
by mid-century, and 2500 GW(e) by the end of the century.  

Both scenarios account for nuclear energy to contribute to non-electrical and electrical power 
demand. 
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In a second step, GAINS proceeded with assumptions regarding nuclear developments in 
terms of grouping of countries. GAINS has first assumed a ’homogeneous’ model of global 
nuclear power development (assuming that the whole world moves technically as one 
homogeneous group). 

In 2008, GAINS began preparation and sought agreement on assumptions for a 
’heterogeneous’ grouping of countries. Such assumptions are less simplistic but more 
realistic, since they assume that different countries move differently in terms of technical 
development. In the heterogeneous models, countries can be grouped either geographically 
or, preferably and as done in GAINS, in so-called ’non-geographical’ groups (NG) of 
countries. The latter have similar fuel cycle approaches, especially for back end strategies. 
This makes modelling more complex, but also more detailed and realistic. The figure below 
illustrates the grouping of countries considered under GAINS.6 

 

Approaches for grouping of countries under GAINS. 

Under GAINS, the non-geographical groups are defined as follows:  

NG1: Countries which are most involved in the development and deployment of the 
INS and, consequently, would be able to incorporate them as soon as commercially 
available. 

NG2: Countries with significant experience in the use of nuclear energy and most of 
the necessary infrastructure, but which are not quite ready to incorporate the most 
advanced nuclear energy system.  

NG3: Countries supposed to incorporate nuclear energy in their energy mix, as 
newcomers.  

In a third step, based on (1) the selected scenarios for energy demand, and (2) the 
assumptions regarding homogeneous/heterogeneous models of the world, GAINS will then 
proceed to calculate and analyse the technical possibilities — ’supply scenarios’ — for 
meeting the nuclear energy needs predicted in the two selected demand scenarios, including 
material flows for different fuel cycles and nuclear technologies, and the transition from the 
current fleet of nuclear reactors to future possible fleets.  

In 2008, a first part of the assumptions to be used in the technical modelling was been 
established, including: 

(a) A set of reactor types and fuel cycle installations and their expected time for 
introduction (shown in the table following);  

(b) A set of 10–15 indicators on sustainability in the areas of economics, 
infrastructure, waste management, proliferation resistance, physical protection, 
environment and safety;  

(c) The main technical parameters characterizing all the reactor types and fuel cycle 
installations (e.g. initial load, reload, discharge, and full core discharge at retirement);  

(d) A preliminary set of the nuclear energy systems to be modelled and calculated.  

                                       
6 Heterogeneous models can in turn be described as either separate (no synergies between the non-
geographical groups), or synergistic (potential synergies between groups are accounted for in the 
model).   
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Preliminary estimates for the assumptions under (a) are shown below: 

 
Note: Components in parentheses mean commercial availability in two or three countries only. (1) 
Includes metallic fuel. (2) MSR type as a variant of the established set of nuclear energy system to be 
analysed by the Czech Republic. (3) The effect of introducing these more INSs at a later time is also 
proposed to be examined as part of the study. 

Elements of the technological evolution to be initially considered. 

In 2008, simulation and analysis for preliminary supply scenarios were started using different 
fuel cycle modelling codes available at the national or common level. The results and the 
progress to date are being summarized for an interim report to be published in 2009. The 
interim report will include the basis, assumptions and approaches necessary to perform an 
analysis of the nuclear energy system. The final report on GAINS is planned for 2010. 

Project 2. Meeting Energy Needs in the Period of Raw Materials 
Insufficiency during the 21st Century (RMI) 

The objective of the Collaborative Project on Meeting Energy Needs in the Period of Raw 
Materials Insufficiency during the 21st Century (RMI) is to identify demand trends in energy 
markets and opportunities to meet those demands; special attention is given to the role of 
nuclear energy. Specific objectives of RMI are to: 

• Prepare recommendations on a strategic plan of development of energy production for 
selected countries within the framework of the world energy resources; 

• Prepare an overview of asymptotic energy needs for countries and of a sustainable raw 
material supply; 

• Investigate sustainable options and estimate required basic investments including in 
waste management and non-electrical applications.  

In 2008, the project was established and was operational, but was awaiting formal approval 
by participating Member States. Twelve members expressed their interest in the project: 
Armenia, Belarus, Bulgaria, the Czech Republic, France, the European Commission (JRC-
Petten Institute), Hungary, Poland, Slovakia, Lithuania, the Russian Federation and Ukraine. 
The Dynamic Energy System (DES) code was developed to extend the capabilities of the 
INPRO methodology to assess energy sources other than nuclear. DES is an extension of the 
DESAE code (Dynamic Energy System — Atomic Energy) originally developed in INPRO for 
the analysis of the structure of nuclear energy. The DES code and its capabilities for such 
analyses have been tested in case studies for Nigeria and the Russian Federation. Data to be 
used in the study on scenarios, assumptions and available energy sources have been 
collected, and modelling to evaluate possible energy solutions has been conducted.  
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6 Heterogeneous models can in turn be described as either separate (no synergies between the non-
geographical groups), or synergistic (potential synergies between groups are accounted for in the 
model).   
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Preliminary estimates for the assumptions under (a) are shown below: 
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Project 3. Fuel Cycles for Innovative Nuclear Systems through 
Integration of Technologies (FINITE) 

The objectives of the Collaborative Project on Fuel Cycles for Innovative Nuclear Systems 
through Integration of Technologies (FINITE) are to: 

• Provide an overview of feasible technical and economically sound advanced and 
innovative nuclear fuel and fuel cycle options (AINFCO), and identify uncertainties; 

• Use the INPRO methodology, suitably adapted to this project, to assess jointly 
selected reference AINFCO; 

• Evaluate and select available national and international databases for project use and 
further adapt and enhance them;  

• Identify medium and long term institutional measures and technical solutions for 
implementing AINFCO to meet sustainability objectives in the 21st century;  

• Determine the specific issues in safety, waste management, proliferation resistance 
and economics that are relevant to AINFCO. 

In 2008, the project was established and was operational, but was awaiting formal approval 
by participating Member States. The Czech Republic, India, Japan and the Russian Federation 
are expected to be participants in the project. The terms of reference and an implementation 
plan have been agreed, together with the INSs to be assessed using the INPRO 
methodology. The selection of general parameters, key indicators and acceptance limits as 
required for applying the INPRO methodology started in 2008 and is expected to continue in 
2009. 

Project 4. Investigations of the 233U/Th Fuel Cycle (ThFC) 

The objective of the Collaborative Project on Investigations of the 233U/Th Fuel Cycle (ThFC) 
is to explore fuel cycle options based on thorium.  

In 2008, the project was established and was operational. Canada, the European 
Commission, India and Slovakia currently participate in ThFC activities. Other Member 
States, such as China, the Republic of Korea and the Russian Fedration, have confirmed their 
interest in joining. Existing information and data on the thorium fuel cycle were collected and 
the proliferation resistance and physical protection (PR&PP) requirements of all systems 
involved in the thorium fuel cycle were explored. A study of reactor types and their 
characteristics for utilization of fissionable material including thorium was initiated. Work is 
continuing on summarizing reactor types and their characteristics for utilization of fissionable 
material including thorium. 

Project 5. Performance Assessment of Passive Gaseous Provisions 
(PGAP) 

The objective of the Collaborative Project on Performance Assessment of Passive Gaseous 
Provisions (PGAP) is to propose an internationally accepted definition for the reliability of 
thermohydraulic passive systems as well as an assessment methodology.  

The project will build on the results of a benchmark exercise modelling decay heat removal 
transients with the French CEA Gas Fast Cooled Reactor design. Although risk informed 
safety approaches are increasingly considered, especially for innovative reactors, there is 
currently no internationally recognized definition for the reliability of a thermohydraulic 
passive system or methodologies to estimate such reliability. Proposing such a definition and 
methodology would help a review of both active and passive systems in common probabilistic 
safety assessments for innovative reactors with passive systems.  

In 2008, the project was established and was operational, but was awaiting formal approval 
by participating Member States. Expected participants (including observers) are Algeria, 
Belarus, Belgium, the Czech Republic, France, Germany and India. The benchmark 
specification was drafted. It comprises two phases (deterministic calculations and reliability 
calculations). For each phase, two transients will be simulated to assess the performance of 
the decay heat removal system. The first phase of the benchmark was carried out in 2008. 
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Two different computer codes (CATHARE and RELAP) and two different methodologies were 
chosen to enable comparison of the results. Of the three countries performing the 
benchmark, France and India have already announced first results for the first transient to 
be simulated. The third country, Belgium, has started the first simulation. 

Project 6. Investigation of Safety Issues for Advanced High 
Temperature Reactors and their Combined Operation with 
Hydrogen Producing Plants (HTR H2) 

The objectives of the Collaborative Project on Investigation of Safety Issues for Advanced 
High Temperature Reactors and their Combined Operation with Hydrogen Producing Plants 
(HTR H2) are to: 

• Identify safety issues and provide recommendations to mitigate the associated risks; 

• Propose modifications to INPRO; 

• Formulate methodologies for safety studies of advanced HTRs and benchmark 
numerical codes specific to HTR design safety;  

• Formulate a set of guidelines or rules for the assessment of reliability of passive 
systems through case studies. 

In 2008, the project was at an early stage of preparation. The preliminary terms of reference 
suggest a very large scope of possible activities. A survey among potential, interested 
participants to identify areas of major interest will be carried out in 2009 to refine the 
preliminary terms of reference. Expected depletion of fossil fuel resources and environmental 
impacts linked to the use of fossil fuels makes hydrogen production an attractive solution in 
the future energy mix. Hydrogen production requires process heat at high temperature that 
can be provided by high temperature plants. However, combining nuclear reactors and 
hydrogen production plants can lead to potential safety issues and thus requires further 
investigation. 

Project 7. Proliferation Resistance: Acquisition/Diversion Pathway 
Analysis (PRADA) 

The objectives of the Collaborative Project on Proliferation Resistance: Acquisition/Diversion 
Pathway Analysis (PRADA) are to identify and analyse high level pathways for the acquisition 
of weapons usable material, using an INS case study, and make recommendations for 
evaluating the multiplicity and robustness of barriers against proliferation. PRADA is based 
on a case study on the DUPIC fuel cycle conducted by the Republic of Korea. 

In 2008, the project was established and was operational with the following participants: 
Canada, China, the Republic of Korea, the USA and the European Commission. The terms of 
reference were established, and selection of the prospective pathways for the acquisition of 
nuclear material was finalized. The participants agreed on performing a coarse pathway 
analysis during Stage 1, and detailed modelling, if necessary, at Stage 2 of the project. The 
scope of the study is still to be defined (e.g. full DUPIC fuel cycle versus fresh DUPIC fuel 
storage, reactor, spent DUPIC fuel storage, and inclusion of transfer phases). 

Work related to PRADA is continuing in the area of harmonization or compatibility of two 
international proliferation resistance assessment methodologies of INPRO and GIF. GIF and 
INPRO have taken different, although related, approaches in evaluating proliferation 
resistance. Formal coordination between GIF and INPRO began in February 2008, and 
experts from the two programmes recognized the necessity of establishing complementary 
relationships between these two approaches. It was recognized that one method can 
productively be used in conjunction with the other. Progress to date has been summarized in 
a conference paper published in 2008;7 a more detailed ‘white paper’ on the harmonization 
or complementarities of the two methodologies is in preparation. 

                                       
7 See Global Scenarios and Regional Trends of Nuclear Energy Development in the 21st Century, in the 
Bibliography. 
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7 See Global Scenarios and Regional Trends of Nuclear Energy Development in the 21st Century, in the 
Bibliography. 
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Concept of the DUPIC fuel cycle considered in PRADA. 

Project 8. Investigation of Technological Challenges related to the 
Removal of Heat by Liquid Metal and Molten Salt Coolants 
from Reactor Cores Operating at High Temperatures 
(COOL) 

The objective of the Collaborative Project Investigation of Technological Challenges related to 
the Removal of Heat by Liquid Metal and Molten Salt Coolants from Reactor Cores Operating 
at High Temperatures (COOL) is to engage institutions from around the world in a 
coordinated effort to investigate the cooling of nuclear reactor cores operating at high 
temperature (between 600 and 1000°C and beyond) with a focus on liquid metals and 
molten salts. Particular objectives are to: 

• Establish the properties of high temperature coolants (liquid metal, molten salts) and 
their thermohydraulic relationships, and investigate issues related to natural circulation 
of such coolants; 

• Address the various issues related to handling high temperature coolants, such as 
plugging of leakages, phase change behaviour, handling of active and non-active 
coolants; 

• Evaluate the compatibility of components in contact with high temperature coolants for 
prolonged service and establish guidelines for their design; 

• Develop a methodology for on-line monitoring and control of high temperature coolant 
chemistry;  

• Foster the exchange of knowledge and cooperation in this area among countries and 
institutions. 

In 2008, the project was established and was operational but was awaiting formal approval 
by participating Member States. Brazil, the Czech Republic and India participate in the 
project. In addition, institutions from Germany, Hungary, Italy, Israel, the Republic of Korea, 
the Russian Federation, Spain and the USA have expressed interest. The detailed terms of 
reference and an implementation plan were prepared. A literature review of all proposed 
research areas of the project is underway and will be finalized in the first quarter of 2009. It 
will help assess whether the project needs to cover additional studies and/or knowledge 
gaps. In particular, substantial expertise in the topical areas addressed by COOL exists in 
other technology communities, such as the nuclear fusion technology community or the solar 
technology community. A knowledge sharing partnership with these communities is 
anticipated. 
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Project 9. Advanced Water Cooled Reactors (AWR) 

The objectives of the Collaborative Project on Advanced Water Cooled Reactors (AWR) are:  

• Experimental and analytical investigations on the steady state and stability 
performance of both single phase and two phase natural circulation reactor systems; 

• Experimental and theoretical studies on mixing and stratification in large water pools; 

• Investigations on the reliability of passive systems;  

• Studies on various thermohydraulic aspects of annular fuel rods and their thermal 
margin under normal and oscillatory conditions. 

In 2008, the project was established and was operational, but was awaiting formal approval 
by participating Member States. Argentina, Brazil and India are expected to be participants. 
The scope of the study was agreed to include features such as natural circulation for core 
heat removal, large pools to serve as heat sinks, high performance annular fuel rods, in 
bundle injection during loss of coolant accidents (LOCA). Phenomena associated with these 
features must be investigated extensively over a wide range of operating conditions. The 
theoretical models developed for predicting the performance of such systems also need to be 
validated.  

Project 10. Decay Heat Removal System for Liquid Metal Cooled 
Reactors (DHR) 

The objective of the Collaborative Project on Decay Heat Removal System for Liquid Metal 
Cooled Reactors (DHR) is development and benchmarking of computer codes to analyse the 
decay heat removal function of liquid metal cooled reactors. The project addresses 
methodologies of analysis for pool hydraulics and inter-wrapper flow (IWF), heat transfer in 
liquid metal heat exchangers and air heat exchangers.   

In 2008, the project was established and was operational. China, India, the European 
Commission (JRC-Petten Institute), the Republic of Korea and the Russian Federation were 
participating in this project. It investigates multidimensional thermohydraulic phenomena in 
the primary sodium circuit of a liquid metal cooled fast reactor with core under natural 
convection condition, and the performance of the Safety Grade Decay Heat Removal System.  

Data for the thermohydraulic analysis were collected and distributed among participants and 
a framework document covering guidance on modelling approaches, on how to use key 
parameters and on how to present results of calculations has been developed to facilitate the 
benchmarking of modelling results. The decay heat removal system was modelled by the 
participants using three dimensional and one dimensional simulation models. Preliminary 
results of the calculations have been evaluated allowing clarification of geometrical aspects, 
operational values, modelling approaches and interpretation of specific results. The scope 
and content of the final report have been outlined, and an extension of the project beyond its 
present scope is being considered for the future. 

Project 11. Implementation Issues for the Use of Nuclear Power in 
Small Countries (SMALL) 

The objectives of the Collaborative Project on Implementation Issues for the Use of Nuclear 
Power in Small Countries (SMALL) are to: 

• Review feasible technical and economically sound options of spent fuel management 
and radioactive waste management available globally and select three to four 
reference options applicable to the conditions of a country with small territory. 

• For each reference scenario of nuclear power development, provide an evaluation of 
key indicators relevant to different reference spent nuclear fuel management and 
radioactive waste management alternatives, and identify the level of uncertainty in the 
results of the evaluation. 

• Analyse the results of the assessment and define key challenges for each reference 
spent nuclear fuel management option. Identify near, medium and long term 
institutional measures and technical solutions for each reference management option. 
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and content of the final report have been outlined, and an extension of the project beyond its 
present scope is being considered for the future. 

Project 11. Implementation Issues for the Use of Nuclear Power in 
Small Countries (SMALL) 

The objectives of the Collaborative Project on Implementation Issues for the Use of Nuclear 
Power in Small Countries (SMALL) are to: 

• Review feasible technical and economically sound options of spent fuel management 
and radioactive waste management available globally and select three to four 
reference options applicable to the conditions of a country with small territory. 

• For each reference scenario of nuclear power development, provide an evaluation of 
key indicators relevant to different reference spent nuclear fuel management and 
radioactive waste management alternatives, and identify the level of uncertainty in the 
results of the evaluation. 

• Analyse the results of the assessment and define key challenges for each reference 
spent nuclear fuel management option. Identify near, medium and long term 
institutional measures and technical solutions for each reference management option. 
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• Assess the INS in small power grids, e.g. grids of limited capacity and/or stability. 

• Apply the relevant INPRO methodology criteria for the assessment of safe and reliable 
operations of the INS in a country with small grids. 

In 2008, the project was established and was operational, but is awaiting formal approval by 
participating Member States. Nine countries have expressed interest in participating: 
Armenia, Argentina, Belarus, Chile, the Czech Republic, France, the Russian Federation, the 
USA and Vietnam. So far, Armenia has been the focus of the project and provided a progress 
report on Definition of Scenarios for Long-Term Nuclear Power Development. The report 
analysed the potential demand for nuclear power depending on gas price scenarios and 
examines two options of nuclear fuel cycles suitable for small countries: 

• Storage of spent nuclear fuel in wet storage at the nuclear power plant site and 
transportation of spent nuclear fuel to an interim (up to 50 years) dry storage facility 
or disposal facility within the country. The feasibility of this first option depends on 
finding an adequate geological site for high level waste and spent fuel disposal.  

• Storage of spent nuclear fuel in a wet storage at the nuclear power plant site and 
transportation of spend nuclear fuel to the supplier. 

These options will be further evaluated in the course of the project. The study also explores 
the possibility of disposal facilities within a country or of multiregional disposal facilities. 

Project 12. Environmental Impact Benchmarking relative to an 
Innovative Nuclear System Component (ENV) 

The objective of the Collaborative Project on Environmental Impact Benchmarking relative to 
an Innovative Nuclear System Component (ENV) is to perform a benchmark of codes and 
methodologies to determine and rank the radiochemical toxicity of radionuclides of interest 
due to their corresponding impact on humans and biota. The benchmark will be based on a 
source term from the fuel inventory, determined through a neutronics code for a given 
reactor/fuel type.  

In 2008, the project was at an early stage of preparation; preliminary terms of reference 
were established. Argentina, Armenia, Brazil, the Czech Republic, France, India and Spain 
are expected to participate. In the first stage of the project, inventories from the nuclear 
reactor will be covered. Later, this could also be extended to any inventory of a nuclear fuel 
cycle facility, e.g. reprocessing plants and storage/disposal facilities. The project will take 
both the operation of the reactor and decommissioning into account.  
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Conclusions and New Trends 

Strategic decision making on nuclear technology 

Member States request support from the IAEA to make informed decisions on the choice of 
the most appropriate nuclear system. The INPRO methodology offers a comprehensive and 
internationally validated tool for strategic decision making on future nuclear power systems. 
This methodology is the ‘flagship’ of INPRO — it covers all aspects of a nuclear power system 
in a holistic manner, is documented in a nine volume manual, and has been applied in one 
joint international INPRO assessment and in six national INPRO assessments. The INPRO 
methodology can be used by both developed and developing countries to assess an existing 
or planned nuclear power system in a holistic manner, thus helping developed and 
developing countries to make informed decisions on national medium and long term nuclear 
technology planning. 

Support to ‘newcomers’ 

In recent years, expectations about the spread of nuclear power beyond the boundaries of 30 
countries possessing nuclear power plants today are growing, and more then 50 countries 
expressed interest in the consideration of nuclear power. The IAEA offers support to these 
‘newcomers’ to conduct an assessment of their nuclear power programme using the INPRO 
methodology. INPRO can also contribute to the development of the capability of Member 
States:  

• To establish a new nuclear programme through an assessment of long term 
implications of their programme, including the need for technology development and 
technical, institutional and infrastructure innovations; 

• To contribute to technology development in a way that future innovations meet the 
expectations of newcomers; 

• To see their new nuclear programme in the global context and to evaluate it in long 
term, in conjunction with the country’s energy planning and strategic sustainable 
development. 

INPRO has provided the CUC, which clarified expectations from new countries to nuclear 
power plants.  

Leadership in building a global vision for nuclear development in the 21st century 

INPRO takes a long term perspective on nuclear development in the 21st century. The need 
for appropriate strategic long term planning is being addressed by several INPRO activities, 
including the INPRO methodology, building global visions and assessing possible 
development pathways, and the collaboration of INPRO members on selected technical 
aspects.  

By formulating potential scenarios and harmonizing visions for long term global nuclear 
development, INPRO helps newcomers and ‘mature’ nuclear countries alike to understand 
the potential of technical innovations and of new institutional and legal approaches for 
developing and building a sustainable nuclear ‘architecture’ in the 21st century, including 
possible transition scenarios.  

Dialogue between nuclear technology holders and technology users 

INPRO serves as an important forum for dialogue between technology holders and 
technology users to ensure that future innovations meet the expectations of both. This 
approach represents a move from technology driven innovation (based on technology 
advances) to demand driven innovation (based on future needs).  
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Annex II: 
A selection of photographs from 2008 

The following is a selection of photographs from activities involving the 
INPRO Group in 2008. 

 

IAEA–INPRO–GIF coordination meeting, Vienna. 

 

INPRO Steering Committee meeting, Vienna. 
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Members of the INPRO Group, Vienna. 
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ADS Accelerator driven system 

AWR INPRO Collaborative Project Advanced Water Cooled Reactors 

  

CP INPRO Collaborative Project 

  

DHR INPRO Collaborative Project Decay Heat Removal for Liquid Metal 
Cooled Reactors 

DUPIC Direct Use of Spent PWR Fuel in CANDU 

  

ENV INPRO Collaborative Project Environmental Impact Benchmarking 
relative to an Innovative Nuclear System Component 

  

FINITE INPRO Collaborative Project Fuel Cycles for Innovative Nuclear 
Systems through Integration of Technologies 

  

GAINS INPRO Collaborative Project Global Architecture of Innovative 
Nuclear Systems based on Thermal and Fast Reactors including 
Closed Fuel Cycles 

  

HTR H2 INPRO Collaborative Project Safety Issues for Advanced High 
Temperature Reactors and their Combined Operation with 
Hydrogen Producing Plants 

  

MSR Molten salt reactor 

  

PGAP INPRO Collaborative Project Investigation Of Technological 
Challenges Related To The Removal Of Heat By Liquid Metal And 
Molten Salt Coolants From Reactor Cores Operating At High 
Temperatures 

PRADA INPRO Collaborative Project Proliferation Resistance: 
Acquisition/Diversion Pathway Analysis 

  

RMI INRPO Collaborative Project Meeting Energy Needs in the Period 
of Raw Materials Insufficiency during the 21st Century 

  

SMALL INPRO Collaborative Project Implementation Issues for the Use of 
Nuclear Power in Small Countries 

SMR Small and medium sized reactor 

  

ThFC INPRO Collaborative Project Investigations of the 233U/Th Fuel 
Cycle 

TNI Transportable (non-stationary) nuclear installations 
 

0
8

-4
5

3
2

1
 

08-45321_INPRO Progress Report 2008_BODY_16 x 24.indd   40 2009-02-13   11:53:36



INPRO Progress Report 2008 

31 

Annex I: 
INPRO project management in 2008 

INPRO Project Manager 
Y. Sokolov,  
Deputy Director General,  
Head of the Department of Nuclear Energy, IAEA 

INPRO Project Coordinator  
A. Omoto,  
Director, Division of Nuclear Power, IAEA 

INPRO Group Leader 
R. Beatty,  
Division of Nuclear Power, IAEA 

INPRO Programme Liaison Officer 
P. Gowin,  
Division of Nuclear Power, IAEA 
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