
IAEA 
International Atomic Energy Agency 

INTERNATIONAL PROJECT ON INNOVATIVE NUCLEAR REACTORS  

AND FUEL CYCLES (INPRO) 

 

 

 

 

Presented by Zoran  Drace 

on the behalf of NENP/INPRO Section  
 

INPRO activities on Nuclear Fuel Cycle: 

Scenarios  and Innovations  



IAEA 2 

INPRO Objectives  

• To help to ensure that nuclear energy is available to contribute, 

in a sustainable manner, to meeting the energy needs of the 

21st century 

• To bring together technology holders and users to jointly 

consider the international and national actions required for 

achieving desired innovations in nuclear reactors and fuel 

cycles 
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INPRO Membership 2001-2014 

In 2014, INPRO has grown from an initial 10 to 40 

members, which represent over 65% of the world 

population and 75% of the world’s GDP. Several other 

countries have observer status as they consider 

membership or are participating on a project working 

level. 

http://www.iaea.org/OurWork/NE/NENP/INPRO/Images/2013-02-membership.jpg
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INPRO Tasks 
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1. INPRO provides long-term scenario evaluation using dynamic 

simulation of national, regional and global nuclear energy systems 

 

2. INPRO designs and convenes collaborative projects on topics 

crucial to future nuclear sustainability and technological innovations. 

 

3. INPRO assists Member States to build sustainable nuclear energy 

program strategies and plans through Nuclear Energy System 

Assessments (NESAs), using the INPRO Methodology. 

 
 

4. INPRO organises Dialogue Forums on subjects of immediate 

interest to INPRO members and to the larger nuclear energy 

community. 
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INPRO Task 1: Global Scenarios 

 

Objective:   
 

To develop, on the basis of a scientific-technical 

analysis, global and regional nuclear energy 

scenarios that lead to a global vision on sustainable 

nuclear energy development in the 21st century. 

. 
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Collaborative Project SYNERGIES  

• Synergistic Nuclear Energy Regional Group Interactions Evaluated for 
Sustainability (SYNERGIES) 

• Duration: 2012–2014 

• Objectives: 

• To identify and evaluate mutually beneficial collaborative architectures and the 
driving forces and impediments for achieving globally sustainable nuclear 
energy systems 

• To identify short-term and medium-term collaborative actions capable to 
develop pathways to long-term sustainability.  

• Deliverable: IAEA report in 2015 
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Collaborative project SYNERGIES 

 

Participants: 
 Algeria, Armenia, Belarus, Belgium, Bulgaria, Canada, China, France, India, 

Indonesia, Israel, Italy, Japan, Republic of Korea, Malaysia, OECD-NEA, 

Pakistan, Poland, Romania, Russian Federation, Spain, Ukraine, USA and 

Vietnam are involved as participants or observers in different tasks (UK recently 

joined as observer at SYNERGIES meetings)  
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Collaborative project SYNERGIES 
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•Participants of the SYNERGIES meetings 



IAEA 

Predecessor project “Global Architectures of Innovative Nuclear 

Energy Systems with Thermal and Fast Reactors and a Closed 

Nuclear Fuel Cycle”  
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GAINS Framework  
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• Most analyses treat world as single technology group 

– Assumes all follow the same strategy and use the same facilities 

• GAINS Framework also supports breaking world into three separate nuclear strategy 
groups following different fuel cycle strategies 

– NG1 starts with LWRs, transitions to a closed fuel cycle with fast reactors 

– NG2 maintains an open fuel cycle with LWRs and HWRs 

– NG3 starts with no reactors, develops LWRs & minimal fuel cycle infrastructure 

NG1:NG2:NG3 = 0.4 : 0.4 : 0.2 with further sensitivity studies 

WORLD MODELS  
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GAINS major findings 

 

WHICH MODEL WOULD THE WORLD FOLLOW? ADDITIONAL ECONOMIC STUDY 

Conclusions: 

  For small programmes of the fast reactors/closed nuclear fuel cycle deployment the economic benefits 

from their introduction would be substantially lower than the amount of investments needed for RD&D, 

licensing and deployment.  

 Only a few countries in the world with large nuclear energy programmes (30 GW(e) for fast reactors) 

can bear the burden of the technology development for fast reactors/closed nuclear fuel cycle.  

 Therefore, global nuclear energy system would follow a heterogeneous world model, at least, within the 

present century. 

 
Return of RD&D, demonstration and construction investments 

for innovative reactor technology (FR)
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GAINS major findings 

 

SYNERGISTIC HETEROGENEOUS CASE: MINIMIZED SPENT FUEL ACCUMULATION 

Although few (NG1) countries will master fast reactor/fuel cycle technologies, all other 

countries (NG3 and NG2) could benefit from this if they follow synergistic approach in fuel cycle 

back-end, by sending their SNF to NG1 for reprocessing and used in fast reactor programmes 

Progressive accumulation of SNF on a regional and global scale could be mitigated or even 

reversed to limit the inventory of such fuel to MA and FP, or even only FP if MA are further 

incinerated in FR or dedicated transmutation systems  

 

2100: 2500 GW(e) scenario 
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SYNERGIES Structure 
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Task 1 (Core Task). Evaluation of Synergistic 

Collaborative Scenarios of Fuel Cycle Infrastructure 

Development 

Task 2 (Support Task). 

Evaluation of Additional 

Options for NES with Thermal 

and Fast Reactors 

Task 3 (Support Task). 

Evaluation of Options for Minor 

Actinide Management (NES 

Expansion & Legacy Waste) 

Task 4 (Cross-cutting Task). 

Elaboration of key indicators 

specific for synergistic collaboration, 

including economic assessment 

methods 
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Task 1: About 30 case studies on-going around selected 

items of the SYNERGIES Storyline 
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SYNERGIES Scenarios 

 

• LWR mono-U/Pu recycling 

• Multi-recycling Pu-management in LWR+FR 

• FR-centred scenarios 

• Transition to Th/233U via U/Pu HWR-LWR-FR Phase 

• Alternative Complete U/Pu/Th-cycle 

• Scenarios with advanced MA management 

 

 
 

•   
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SYNERGIES Case Studies 

 

 

 
 

•   
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SYNERGIES Final Report Outline 

 

 

 
 

•   
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Task 4. Example: Economic data Report 
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Training course on evaluation of collaborative scenarios of 

transition to sustainable nuclear energy systems using IAEA's 

energy model MESSAGE (jointly with PESS) 

 

 

 

19 



IAEA 

SYNERGIES: Expected Outcomes 

• SYNERGIES is deemed to support development of comprehensive 

national nuclear energy strategies regarding international collaboration 

to achieve sustainable regional and global NES. 

 

• In particular, SYNERGIES will help: 
 

 define attractive innovative fuel cycle options possible at a regional 

level and promote an improved understanding of associated front-end 

and back-end regional interactions 

 identify technical and institutional gaps that still need to be addressed 

within the specific future projects 

 

- Next logical step could be to identify “who could do what, where and 

when” to achieve sustainable NES 
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RUSSIA :  

REGIONAL CENTER (HIGH AND LOW FR SHARE) 

Total NP capacities: 100 GWe by 2050, 160 

GWe by 2100; 

High share of FR (based on Pu availability): 

~50% by 2050; ~80% by 2100; 

Low FR share: ~25% by 2050; ~40% by 

2100.  

•Slowing down with the FR introduction 

results in SF accumulation in the storages 

•Under high FR share in the NES and 

without impediments, Pu from SF of 

Russian and Ukraine VVERs  could be 

reused by 2050  

WO – FR share without regional cooperation; 

 dSF3000 – High scenario of  Ukraine NE development 

 dSF5500 – Moderate scenario of  Ukraine NE 

development 
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Canada:  

A Scenario Analysis of Re-burning  

LWR Americium in HWRs 
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•Sharing the Reprocessing facilities bring an accumulated 

difference of 60 billion$. 

• Synergies allow 39% save on total Reprocessing 

Expenditures. 

Italy:  

ADRIA Regional Scenario 

 

•Sharing the Enrichments facilities bring an accumulated 

difference of 12.8 billion$  

•Synergies allows 35% save on total Enrichment 

Expenditures. 

Regions: 

I. SEE (South East Europe) 

II. Slovenia, Czech Republic, 

Slovakia, Hungary 

III. Italy 

IV. Ukraine 
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INPRO GROUP: 
STUDY ON SENSITIVITY OF KEY INDICATORS TO  

THE SHARES OF THE GAINS NG1/NG2/NG3 COUNTRY GROUPS  

 

 • NG1 share always a nominal fraction (40% in 
2100) 

 

• NG3 share in 2100 varied  as  10%, 20% 
(nominal), 30%, 40%, 50% of total demand  

 

• Separate (non-synergistic) and synergistic case 
: NG1 provides 100% of the fresh fuel and 
taking back 100% of the spent fuel 

 
 

• Impact of NG3 share on key output parameters 
for Front end and Back end requirements 
 
 

  NG1   NG2 

  NG3 

  Nat U 
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Impact of NG3 and NG2 on NG1 
(nominal case and high NG1 growth case) 

LWR long term storage in NG1 ( 

nominal case, NG3&NG2 impact) 

LWR long term storage in NG1 ( 

High NG1 growth case, 

NG3&NG2 impact) 
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Relative investments in NFC  for 

separate and synergistic nominal 

cases 
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INPRO Task 2 : Innovations  
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Objective:   
 The objective is to investigate innovations in selected nuclear 

energy technologies, related R&D and innovative institutional 

arrangements for deployment of innovative NESs in the 21st 

century.  

 

 INPRO wants to  focuses on specific innovations, recommended 

by Member States as well as on subjects that are complementary 

to activities in the areas of INPRO Methodology and Global 

Scenarios 

 

 Action Plan 14/15 provides new projects  on Nuclear Fuel and 

Fuel Cycle analysis for future NES and  Waste from Innovative 

Types of Reactors and Fuel Cycles 
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CP Nuclear Fuel and Fuel Cycle analysis for 
future NES (FANES), 2014-2015 

Objective: 

Carry out feasibility analyses of advanced and innovative fuels and its 

influences on development of future NES.  

Analyse spent fuel management options for advanced and innovative FC 

addressing potential technology improvements.  
 

Scope:  

 Provide an overview of advanced and innovative fuels for different NES. 

 Identify influences of advanced and innovative fuels on development of NES. 

 Consider the technical viability of several options for fabrication of advanced 

fuel and its reprocessing in order to identify key innovations which are 

necessary for deployment of future NES. 

Output: A TECDOC series publication.  
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CP Waste from Innovative Types of Reactors and 

Fuel Cycles (WIRAF), 2014-2015 

Objective: 

Identify the potential wastes arising from for advanced and innovative reactors 

and their fuel cycles and eventually the technical needs for managing such 

wastes.  

Identify if there are any potential or known show-stoppers to for advanced and 

innovative reactors and their fuel cycles resulting from new or existing waste 

types. 

Scope:  

 Identify the optimal disposition (processing and disposal) pathways for the most 

common of these wastes (e.g., combustible, ferrous metals, resin, sludge, etc.); 

and  

 Identify any problematic wastes from particular advanced and innovative 

reactor design which will require further study as part of a separate project and 

publication.  
 

Output: A TECDOC series publication.  
 

. 
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Back End Study 

 

 At a number of INPRO meetings such as SYNERGIES Technical Meetings, the 

4th INPRO Dialogue Forum on Drivers and impediments for regional 

cooperation on the way to sustainable Nuclear Energy Systems (NESs) and 

others, it was noted that particular legal and institutional impediments for 

collaboration among countries in Fuel Cycle Back End exist.  

 

 Examination of such impediments and outlining the pathways for their 

resolution might be an important near term step to ensure effective cooperation 

among countries toward long term sustainable nuclear energy.  

 

 Therefore it could be recommended to initiate a new study on Multilateral 

Approaches to the Back End of Nuclear Fuel Cycle: drivers and legal, 

institutional and financial impediments.  
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Objectives of Study on Multilateral Approaches 

 to the Back End of Nuclear Fuel Cycle 

Objective: 
 

Carry out feasibility analyses of mechanisms for international cooperation in the 

area of Nuclear Fuel Cycle Back End, such as return of spent fuel to the 

country of origin, etc. 
 

Analyse legal aspects of international cooperation in the area of Nuclear Fuel 

Cycle Back End.  
 

Analyse institutional impediments of international cooperation in the area of 

Nuclear Fuel Cycle Back End. 
 

Study economic aspects of  international cooperation in the area of Nuclear 

Fuel Cycle Back End.  
 

Analyse spent fuel management options for advanced and innovative fuel 

cycles addressing potential technology improvements.  
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Zoran DRACE 

Z.Drace@iaea.org   


