
Technical Meeting on Fast Reactors and Related Fuel Cycle 

Facilities with Improved Economic Characteristics

Analytical framework for the 

analysis/assessment of transition scenarios 

to sustainable nuclear energy systems and 

its applications 

V. Kuznetsov on the behalf of the INPRO Group



IAEA

INTERNATIONAL PROJECT ON INNOVATIVE NUCLEAR REACTORS 

AND FUEL CYCLES (INPRO)

2

INPRO CONCEPT OF SUSTAINABLITY

�Brundtland definition of sustainability: Development that meets the needs of the present 

without compromising the ability of future generations to meet their own needs. 
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Project 2: SCENARIOS

Project 2 ‘Scenarios’ helps participating countries develop 

comprehensive national nuclear energy strategies by providing a 

framework for the analysis and assessment of :

how to make a transition from the current fleet of reactors and nuclear fuel 

cycles to a future nuclear energy system

how national energy system could contribute to, and benefit from 

sustainability of a regional  nuclear energy system

the role which cooperation with other countries in nuclear fuel cycle may play 

in a transition to a future nuclear energy system
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Project 2: SCENARIOS
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INPRO services for ‘Scenarios’ (1)

� IAEA/INPRO (in cooperation with PESS) have developed 

an internationally verified analytical framework to assist 

Member States in Nuclear energy development modelling, 

including material flow analysis, economic assessment and 

least cost model optimization (IAEA Nuclear Energy Series 

No. NP-T-1.14 in print)

� The INPRO Group (in cooperation with PESS) provides 

training to Member States on mastering and  application of 

this analytical framework to particular problems of national/ 

collaborative* nuclear energy development
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INPRO services for ‘Scenarios’ (2)

Elements of the ‘Scenarios’ Analytical framework

� Metrics for scenario analyses/ assessment

� Storylines for nuclear energy evolution

� Internationally verified data on nuclear reactors and associated fuel 

cycles

� Projections for nuclear energy growth

� Material flow analysis and economics models 

� Framework base cases/ results of sensitivity analysis

� Updated economic data for each nuclear fuel cycle step

� Models and tools to assess comparative economics and investments
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Storylines of nuclear energy evolution
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Modeling of the three storylines for nuclear energy system evolution: 

�a convergent homogeneous world without any differences in nuclear energy system 

development strategies; 

�a heterogeneous non-synergistic world based on self-reliance and preservation of local 

identities; and 

�a heterogeneous synergistic world with rapid changes toward regional and global solutions
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Internationally verified data on nuclear reactors and 

associated fuel cycles

Reactors:

� Low, medium and high burn-up light water reactors (LWRs);

� Heavy water reactors (HWRs);

� Sodium cooled fast reactors with different conversion/breeding ratios (CR=0.75; BR = 1.0, 1.2) and fuel 

burn-ups (from 31 GWday/t up to 100 GWday/t);

� Lead cooled fast reactor;

� Lead cooled accelerated driven system (ADS) and molten salt reactor (MSR), both for minor actinide 

(MA) burning;

� ThO2 and PuO2 fuelled CANDU (HWR) reactors and

� ThO2, 
233U and PuO2 fuelled CANDU reactors.

Fuel cycles:

� Once-through fuel cycle systems based on thermal reactors with different fuel burn-up (business-as-

usual scenarios);

� Combined system of a once-through fuel cycle with thermal reactors and a closed fuel cycle with and 

fast reactors of different types (business-as-usual plus fast reactor scenarios);

� Combined system of a once-through fuel cycle and a closed fuel cycle with fast reactors and/or 

accelerator driven systems (ADS) or molten salt reactors (MSR);

� Combined system of a once-through fuel cycle and a closed (U-Pu)/Th fuel cycle with fast reactors.
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Reactor data format
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Associated fuel cycles 
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Projections for nuclear energy growth
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Material flow analysis and economics models
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RESULTS OF CROSS VERIFICATION AND RECOMMENDATIONS ON  APPLICATION

IAEA codes 

�NFCSS 

�DESAE2.2 

�MESSAGE 

(adapted for complex 

nuclear energy 

system simulation)

�NEST

�HIMMEL New!
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MESSAGE-Nuclear:

modelling of nuclear energy scenarios

• MESSAGE: Model for Energy Supply System Alternatives 
and their General Environmental impacts. 
• MESSAE has been developed for evaluating alternative energy 

supply options including nuclear technologies. It gives an optimal 
development strategy for long term development of the energy 
sector. 

• Users’ Guide for modelling nuclear energy systems with 
MESSAGE.
• Once-through nuclear fuel cycle.

• Partly closed NFC based on thermal reactors with plutonium mono-

recycling.

• Closed NFC based on thermal and fast reactors with Pu multi-

recycling

• Cooperation with other countries

• .
15
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Framework base cases/ results of sensitivity 

studies  
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The eight Framework Base Cases (illustrative examples) 

Homogeneous world

�Business-as-usual scenario (BAU)

� Moderate growth rate

� High growth rate

�BAU with fast reactor (BAU-FR) scenario

� Moderate growth rate

� High growth rate

Heterogeneous world for BAU-FR scenario

�Non-synergistic 

� Moderate growth rate

� High growth rate

�Synergistic

� Moderate growth rate

� High growth rate
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Updated economic data for each nuclear fuel cycle step
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Methods and tools to assess comparative economics 

and investments

•
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LUEC formula (OECD-NEA, 2011): 

 

LUEC =
∑ �Investmentt + O&�t + Fuelt + Carbont + Decommissioningt�

�1 + r�tt

∑  Electricityt�1 + r�t "t
                   �6.2� 

 

where: 

  Electricityt:    The amount of electricity produced in year “t”; 

PElectricity:     The constant price of electricity; 

(1+r)
-t
:     The discount factor for year “t”; 

Investmentt:    Investment cost in year “t”; 

O&Mt:     Operations and maintenance cost in year “t”; 

Fuelt:     Fuel cost in year “t”; 

Carbont:     Carbon cost in year “t”; 

Decommissioningt:   Decommissioning cost in year “t”. 
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INPRO services for ‘Scenarios’ (3)

FRAMEWORK APPLICATIONS 

�Developing national nuclear energy strategies

�Exploring cooperation/partnerships with other 

countries in nuclear fuel cycle

�Exploring regional options/ solutions for nuclear 

fuel cycle

�Highlighting global trends: how they may affect 

national developments
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GAINS Conclusions: Example (1)

WHICH MODEL WOULD THE WORLD FOLLOW? GAINS STUDY

Conclusion:

� 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 Conclusions Example (2)

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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GAINS Conclusions (3)

SYNERGISTIC HETEROGENEOUS CASE: REDUCED PU INVENTORIES IN THE STOCK

AND MINIMUM NUMBER OF SITES USING SENSITIVE TECHNOLOGY OF

REPROCESSING (LIMITED TO NG1 COUNTRIES)

2100: 2500 GW(e) scenario
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INPRO services for ‘Scenarios’ (4)

� Services are provided as Workshops/Training Courses at 

IAEA or locally and through direct communication to the 

recipients

� INPRO shoulders the costs, TC involvement not necessary

� We will not decide for you, we help you make a 

knowledgeable decision yourselves!



Thank you!

http://www.iaea.org/INPRO/

V.Kuznetsov@iaea.org


