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• Application of INPRO Methodology to SFR.

• Development of INPRO multi-criteria decision 

analysis tools for comparative evaluation of case 

studies.



What is INPRO Methodology?
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• INPRO Methodology is a holistic (multidimensional) NES sustainability assessment metric 

derived from the “UN Brundtland Commission Report” (Our Common Future, 1987) on 

sustainable development.

• Brundtland’s summary concept of sustainable development: 

• “Development that meets the needs of the present without compromising the ability of 

future generations to meet their own needs” – needs, limits, intergenerational responsibility.

• In Part II, Energy Chapter, Section 3: “Nuclear Energy: Unsolved Problems”: Seven key 

sustainable development issues for NES are discussed: 

• Proliferation

• Economics (costs)

• Health and environment risks

• Nuclear accidents risks

• Radioactive waste disposal

• Sufficiency of national and international institutions

• Public acceptability

• INPRO Methodology sustainability assessment is a “self assessment” performed by 

Member States, not by INPRO Staff.

• The first version of INPRO Methodology was published in 2003 and we are half way 

through the 3rd update – 6 NE Series reports and 3 TECDOCs, covering above topics and 

one manual explaining how to use the other manuals to perform nuclear energy system 

sustainability assessment (NESA).



Background on NESA of LMFR

➢ Between 2005 and 2007 INPRO performed ‘Joint 

study’:

• TECDOC-1639 Rev.1 published in 2013 (full version)

• Major contributors: China, India, the Russian 

Federation, France, Japan, the Republic of Korea

• Generic assessment of closed nuclear fuel cycle and 

FR using basic ideas of draft TECDOC-1575 published 

in 2008

• More detailed assessment of JSFR using INPRO 

methodology version TECDOC-1434 (published in 

2004)

➢ So far, INPRO has not published results of 

application of INPRO methodology (TECDOC-1575) 

to specific innovative FR designs
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Limited Scope NESAs of SFR 

Participants and objectives

• Project splits into three individual assessments focused on specific 

national designs – India (PFBR/CFBR), China (CEFR/CFR-1000) and 

Russia (BN-800/BN-1200)

• Participants:

• Indira Gandhi Centre for Atomic Research (IGCAR)

• China Institute for Atomic Energy (CIAE)

• Institute of Physics and Power Engineering (IPPE) and Experimental Design Bureau 

for Mechanical Engineering (OKBM)

• Objective:

• INPRO Methodology assessment of SFR will determine if the methodology performs 

as intended for the case of SFR predominantly in two areas: economics and safety

• Exchange of information in the meetings and no observers

• Potential publication discussed after obtaining results
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INPRO Methodology assessment 

of SFR in India

• SFR design proposed for the 

assessment:

– Commercial FBR with MOX fuel, and 

– Prototype FBR as reference plant 

• INPRO areas selected for the 

assessment: 

– economics 

– safety

• Updated country report completed 

in 2017

• Publication approach still under 

discussion

Picture taken from presentation ‘Design features to 

enhance safety in commercial breeder reactor’ by Dr John 

Arul (IGCAR, India)
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INPRO Methodology assessment 

of SFR in Russia
• SFR design proposed for the 

assessment:

• BN-1200 with nitride or MOX fuel

• BN-800 as reference plant 

• INPRO areas selected for the 

assessment:

• Economics

• Safety

• Updated country report 

completed in 2017

• Publication approach still under 

discussion

BN-1200BN-800

Figures taken from presentation ‘Preliminary assessment of some INPRO criteria in area of safety 

for innovative fast reactor BN-1200’ by Valerii Korobeinikov (IPPE, Russian Federation)
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INPRO Methodology assessment 

of SFR in China

• SFR design proposed for the 

assessment:

– CFR-1000

– CEFR as a reference plant

• INPRO areas selected for the 

assessment:

– Economics

– Safety

• Updated country report completed in 

2017

• Publication approach still under 

discussion

Figure taken from presentation ‘Introduction of Safety Characteristics of 

CFR1000 by Peng Yang  (CIAE, China)
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Example: Review mission to IGCAR

Scope of discussion

Safety of reactor:
• Safety concept of CBR-600; 

• Examples of design features / modifications based on experience from accidents / 
incidents in other reactors; 

• Reactivity coefficients and effects including sodium void reactivity effect; 

• Ratio of passive decay heat removal capacity to core thermal power; 

• Reliability of shutdown system and DHRS (diversity); 

• Design margins and safety margins; 

• Application of the LBB concept for fast reactors in India; 

• Redundancy of shutdown system, hydraulically suspended rods, n-1 principle and 
reactivity effects compensated by control rods; 

• Passive decay heat removal system activation; 

• Regulation of the power level in normal operation; 

• Leaking SA determination and replacement; 

• Inertia of the reactor, heat capacity of sodium, frequencies of AOO and DBA, 
grace periods and engineered safety features; 

• Severe accident management processes and procedures;

• Independence of DID levels and frequency/consequences of major external 
release, uncertainties; 

• Stored energy and flammability of sodium; 

• Excess reactivity in the core and potential criticality outside of the core;

• Estimated occupational and public doses at normal operation; 

• Formal approach to identify sufficiency of R&D and modification/development of 
computer codes. 

Economics:
• Cost calculation input data including fuel cycle services cost (references and 

explanations); 

• Methods and tools used for cost calculation; 

• Selection of alternatives and comparison with fast reactor economics functions; 

• Sensitivity analysis results.

Picture taken from presentation ‘Design features to 

enhance safety in commercial breeder reactor’ by Dr John 

Arul (IGCAR, India)
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Collaborative Project ‘KEY INDICATORS FOR 

INNOVATIVE NUCLEAR ENERGY SYSTEMS’ (KIND)

2014-2018

➢ 15 participants and observers - Armenia, Bulgaria, China, Croatia, France, 

Germany, India, Indonesia, Malaysia, Romania, Russian Federation, Ukraine, 

UK, USA, Viet Nam

Objectives:

➢ Develop guidance and tools for comparative multi-criteria evaluation of 

development of innovative nuclear technologies 

➢ Examine the potential to use the KIND approach in application to other 

problems, including those of interest to newcomer countries

Final Report  

➢ “APPLICATION OF MULTI-CRITERIA DECISION ANALYSIS METHODS TO 

COMPARATIVE EVALUATION OF NUCLEAR ENERGY SYSTEM OPTIONS. 

FINAL REPORT OF THE INPRO COLLABORATIVE PROJECT ON KEY 

INDICATORS FOR INNOVATIVE NUCLEAR ENERGY SYSTEMS (KIND)” –

submitted to the IAEA Publication Committee in March 2018



The KIND approach to comparative evaluation of NES 

options/ scenarios (Key Indicators + Advanced MAVT Method 

+ Sensitivity/ uncertainty analysis methods)
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KIND Excel based tool to support NES 

comparative evaluations
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Nuclear versus non-nuclear energy 

systems (Thailand case study)
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Innovative versus innovative nuclear energy 

systems (Russian case study)

• 2 cases of once through 

NFC 

• 2 cases of jointly closed 

NFC based on 50% of 

thermal reactors and 50% 

of fast reactors
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 Option I 0.15 0.25 0.3 0.25 0.05 

Option II 0.15 0.5 0.2 0.1 0.05 

 

 



Conclusions
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• INPRO continues to develop IAEA tools and 

services to assist Member States:

• INPRO Methodology for assessment of 

sustainability of NES has been demonstrated for 

specific LMFR designs.

• Scenario and multi-criteria decision analysis 

tools for NES involving fast reactors in 

integrated energy systems have been 

developed.
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