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� World Nuclear Energy Demand Forecast

� Multi-regional Deployment Strategies

� Multi-regional Transitions Scenarios

� Summary



World Nuclear Energy Demand Forecast

� Different forecast studies with wide range of prediction of 
possible nuclear energy growth 
o Forecast range up to 10,000 GWe or more by 2100
o IAEA, BP, NEA, IIASA, IPCC, WNA, ..
o Some studies go to 2030 up to 2050 and only a few go to 2100 such 

as the IIASA, IPCC, WNA
o Usually high, moderate, and low growth predictions

� WNA 2008 forecast is used here
o Not to be considered as projections, but more as illustrative 

scenarios showing what nuclear energy might provide to the world’s 
energy needs.



World Nuclear Energy Demand Forecast

� WNA Predictions
o 3-regions, low and high scenario
o Developed, growth, and developing regions
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World Nuclear Energy Demand Forecast

� Advanced nuclear energy systems will be part of this 
growing nuclear energy future gradually replacing existing 
Generation – II and – III N ultimately transitioning towards 
Generation – V type NPP.  
� Fast reactors are expected to be a major component of such 

advanced nuclear energy systems (OECD/NEA report on 
issues raised by transition to FR)
o Transition scenarios to fast reactors offer efficiency of natural 

resource utilization, security of supply, and radioactive waste 
management options.



Motivation for Regional View on Nuclear Energy Deployment
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� Differences in (energy) market and nuclear technology base



Motivation for Regional View on Nuclear Energy Deployment

NoSomeYes – for MOX as waste 
management time 

delay

Current access to indigenous 
reprocessing and “hot” fuel fabrication 
facilities 

NoYesYesCurrent access to indigenous 
enrichment and fuel fabrication 
facilities

Very smallSmallLargeSNF-inventory already existing and in 
the pipeline, i.e. current fissile material 
working inventory

Nuclear Fuel Cycle Infrastructure



Nuclear Energy System 
Scenarios
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Simulation Capabilities
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� DANESS (Dynamic Analysis of Nuclear Energy System Strategies)
o System dynamics simulation of integrated nuclear fuel cycle systems
o Current version to be released v.5.0
o Multi-regional version



DANESS Region 2DANESS Region 2 DANESS Region nDANESS Region nDANESS Region 1DANESS Region 1

Multi-regional DANESS Modeling
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…

Multi-regional decision-making Module
• Defines the rules for transfer between regions of:

• SF, separated fissile material, fuel cycle facility capacity
• Cash-flow, costs/prices, …

•All variables from a region are accessible by another region and
may be used in equations in all regions

Multi-regional decision-making Module
• Defines the rules for transfer between regions of:

• SF, separated fissile material, fuel cycle facility capacity
• Cash-flow, costs/prices, …

•All variables from a region are accessible by another region and
may be used in equations in all regions
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Multi-regional Transitions Scenarios



NT.1 No Trade LWR UOX/MOX Deployment
Nuclear Power Park
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NT.1 No Trade LWR UOX/MOX Deployment
Fuel Fabrication Demand
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NT.1 No Trade LWR UOX/MOX Deployment
TRU Inventories
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NT.1 No Trade LWR UOX/MOX Deployment
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Multi-regional Scenarios Considered in Study
Nuclear Energy System 
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NT.2 No Trade LWR UOX/MOX + FRbu deployment
Nuclear Power Park
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NT.2 No Trade LWR UOX/MOX + FRbu deployment
Reprocessing capacity deployment
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NT.2 No Trade LWR UOX/MOX + FRbu deployment
Nuclear Power Park
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Multi-regional Scenarios Considered in Study
Nuclear Energy System 
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LT.1 Limited Trade 
Nuclear Power Park - Growth region for high energy variant
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Summary
� A demonstration of possible synergies between nuclear energy deployments in 

different world regions are presented assuming hypothetical strategies for nuclear 
systems deployment that involve transitions to FR systems. 

� Dynamic simulation of multi-regional nuclear energy deployment scenarios requires 
a complex analysis tool which has recently become available through an advanced 
version of the DANESS model.

� Scenarios consider transitions to FR systems with different conversion ratios 
according to possible forecast nuclear energy futures and strategies for waste 
minimization and resource sustainability.

� Sustainable nuclear energy deployment worldwide can be investigated taking into 
account regional effects and synergies between the different regions
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Reactor Types Considered

STAR-H2fuel9544.5178STAR-H2

FRbr-fuel90401000FR CR=1.25

FRbu-fuel90401000FR CR=0.75

UOX60, MOX6090341300Gen-III LWR

UOX45, MOX4590321000Gen-II LWR

Fuel useAverage Load Factor (%)Thermal efficiency (%)Unit Power (MWe)NPP-type



Fuel Types Considered

Remark: The FR-fuels represent the average fuel characteristics for all fuels used in such FRs, i.e. especially for FRbr-fuel, the fuel characteristics represent the average of driver and blanket fuels.

78% U
10.8% Pu
0.1% MA

89.1% DU
10.8% Pu
0.1% MA

1/1 
240

93STAR-H2fuel

89.65% U
7.74% Pu
0.77% MA

92.6% U
6.5% Pu
0.9% MA

1/3rd
12

22.13FRbr-fuel

70.5% U 
17.78% Pu
1.49% MA

78.8% U
19.5% Pu
1.7% MA

1/5th
7.7

99.6FRbu-fuel

86.27% U
6.77% Pu
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89.9% U
10.07% Pu

1/5th
12 

60MOX60

92.5% U
1.26% Pu
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4.8% 235U1/5th
12
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89.5% U
5.75% Pu
0.59% MA

91.8% U
8.2% Pu

1/4th
12

45MOX45

94.5% U
1.14% Pu
0.14% MA

3.7% 235U1/4th
12

45UOX45
Spent Fuel CompositionFresh Fuel CompositionCore-management & Cycle length (mo)Average burn-up (GWd/tHM)Fuel-type


