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Simulation cases

Case CO2 constraints

1 (BAU

free

2 |550ppm Global atmospheric CO2 concentration

at 550ppm in 2100

3 |COP3 forever COP3 forever in Annex1 after 2010

4 1300%

2010: COP3

after 2020:

Annex1:80% CO2 emissions at 1990
non-Annexl1: 300% CO2 emissions at 1990
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Final energy consumption
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———=0verview of the PGBM-FCOM Model

Long-term dynamic LP model called the PGBM-FCOM model
(Power Generation Best Mix Model interactively combined with the Fuel Cycle Optimization Model)

Detailed description of the Japanese electric power and fuel cycle sectors to determine the
optimal fuel cycle strategy in line with the optimal power system management

Region: Japan, Time horizon: 2000-2100 (10-year intervals), Discount rate: 5%
Objective: minimizing the total discounted cost(fixed and variable costs)

Constraints: supply-demand balance, supplying capacity, capacity balance, operating capacity,
load following capacity, growth rate of the plant capacity, CO, emissions, operation of pumped-
storage plants, new renewables, and CO; disposal system, fuel cycle-related constraints, etc.

Exogenously considering fuel price increase and technical progress ) e e

operations of power plants

.

Power Generating |- = Optimal strategy for
- stem Submodel ! nuclear fuel cycle
Electric power input S : output
I 2 1C
(Daily load curve) 1
Nuclear Fuel 1 . A

Cycle Submodel Power generating options:

Electricity 1 | coz recovery coaldired, IGCC, oilired,
conservation 1 L_and disposa gasired, CCGT, nuclear,
[CO2 abatement technological options] conventional hydro,
| Energy conservation > Fuel-switching > CO , disposal | pumped-storage hydro,

Structure of the PGBM FCOM model wind, PV

Overview of the Fuel Cycle Submodel
Detailed description of the process of the fuel cycle to determine the optimal fuel cycle
strategy in line with the optimal power system management among various alternatives

Dynamic LP model minimizing the discounted cost associated with fuel cycle sector under

the following constraints: supply-demand balance of nuclear power, uranium resource availability,
availability of FBR and SF direct disposal (from 2030), material balance, AR SF storage capacity, etc.

Final decision between reprocessing and direct disposal made witin the simulation period

— Flow of Uranium

Uranium
production » Flow of MOX
l * P Flow of SF
“““““ i —» Fowof Pu
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Structure of the fuel cycle submodel in the PGBM -FCOM model




==3-Branch Scenario Tree for Uncertain CO> Limits —

+ 3 possible future regulation on CQ; emissions is assumed to begin from 2050, considering
knowledge accumulation and inertia in the energy system (based on Akimoto et al. (1998))

+ Scenarios are set as follows: (based on Manne and Richels (1992))

- Baseline scenario: 60%
= No CQ; emissions constraint is imposed

- Moderate CO, emissions constraint scenario: 24%
= Average annual CO, emissions during 2050-2100 is constrained to 20% below 1990 level
+ Available uranium resources are constrained to 20% below the baseline scenario

- Strict CO; emissions constraint scenario: 16%
= Average annual CO, emissions during 2050-2100 is constrained to 50% below 1990 level
+ Available uranium resources are constrained to 50% below the baseline scenario

@— —O Basdline scenario
“No CO, emissions constraint imposed
Moderate CO, emissions congraint scenario
Moderate constraints imposed on cumulative CO, emissions
and available uranium resources
Strict CO, emissions congraint scenario

Strict constraints imposed on cumulative CO; emissions
and available uranium resources

3-branch scenario tree representing uncertainty about the future regulation on CO, emissions

—QOptimal Strategy under Uncertain CO; Limits (1)—

Optimal choice of reactor types under certainty
— No Pu utilization is chosen in the baseline and moderate constraint scenarios
- LWR-MOX s chosen in the strict constraint scenario due to the insufficiency of available uranium
resources for large-scale introduction of nuclear power to satisfy strict CO, emissions constraint
Optimal choice of reactor types under uncertainty
— Optimal strategy under uncertainty is the same as that in the strict scenario under certainty
- Precautionary strategy of making decisions to prepare for the most pessimistic scenario
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—Optimal Strategy under Uncertain CO2 Limits (2)==
+ Optimal spent fuel management under certainty
— Direct disposalis chosen in the case of no Pu utilization
— All the SF is stored and then reprocessed according to the Pu demand in the case of Pu utilization

+ Optimal spent fuel management under uncertainty

- Precautionary strategy of storing all the SF with several options kept open until uncertainty
resolution to prepare for the most pessimistic scenario and then acting accordingly
- Such precautionary strategy makes it possible to address uncertainty in a flexible manner
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Optimal SF flow balance under certainty and uncertainty about the future regulation on CO, emissions

F=Optimal Strategy under Uncertain CO Limits (3)—

* AFR interim SF storage makes it possible to manage SF and Pu in a rational way so that
their desirable supply-demand balances will be achieved
— AFR storage for receiving excess SF at reactors until it is disposed of or reprocessed
— AFR storage for receiving excess SF to carry out reprocessing according to the demand for Pu
— This contrasts sharply with the current back-end fuel cycle policy management in Japan

+ AFR interim SF storage plays an important role in precautionary strategy under uncertainty
— More AFR SF storage capacity is required for adopting the sensible hedging strategy
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200 - - 200 ; - -
160 Baseline scenario Strict constraint scenario
= —Certainty
T 120 i
> e
5 80 .
40
0 e T
2010 2030 2050 2070 2090 2010 2030 2050 2070 2090

Optimal SF storage stocks under uncertainty about the future regulation on CO, emissions







