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Abstract — In this study, a mathematical model for optimal operation of the fusion fuel cycle is developed based on
scheduling approach. The fusion fuel cycle consists of a system for storing and supplying deuterium and tritium, and receiving
and separating process after the fusion reaction. Except that tritium is a radioactive material, most of these processes consist of
catalytic reactions and separation process. For these reasons, it is possible to apply scheduling approach which is also
widely utilized to chemical plants to derive the optimal operating scenarios. The developed model determined the optimal
regeneration cycle to minimize the amount of tritium inside the vacuum pumps. Based on the characteristics of various
device in the fusion reactor, the optimal tritium plant operation scenario is evaluated. The formulated model was applied
to the actual tokamak scenario and utilized to analyze the fuel flow and balance of ITER fuel cycle.
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Fig. 1. System Scope: Fusion Fuel Cycle.
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Table 1. Fuel Cycle Scheduling Requirements
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Operation mode

- Batch/continuous / semi-continuous

- Non-overlapping / overlapping operation
- Zero-wait transfer / Intermediate storage

Fuel Cycle Process
Analysis

Task information D2-line BVl A FSO. &

- Duration / wait-time / time-gap
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Fig. 2. TCP state-task-network.
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Fig. 3. Tritium Plant System (TEP, ISS, SDS, FS) State-task-network.
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Phase 1

min Tmax = Maximum Tritium inventory in six TCPs
Mass balance
Allocation constraints
h(y,Y,Z)=0| |Hydrogen deflagration constraints
e, Y,2)> 0} Pumping speed constraints
Uniform/Non-uniform distribution constrains
Regeneration constraints

yeR, Ye{0,1}, ZeN
Phase II

min WorkingT = Maximum Tritium working inventory in ISS
Mass balance
Allocation constraints

h(»,Y,Z)=0 . .
Batch size constraints

L gy, 2)20)| .
Time constrains

Equipment capacity constraints
yeR, Ye{0,1}, ZeN
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Input
Tokamak demand, Unit specification

Phase I
Obj. minimize VRS tritium inventory

System Scope: Tokamak exhaust flow,
six TCPs

v
Output (Phase I) = Input (Phase II)
VRS return flow
)
Phase II
Obj. min. ISS tritium working inventory

System Scope: VRS return flow, TEP,
ISS, SDS, FS demand flow

Fig. 4. Fuel Cycle Scheduling.
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Nomenclature
Index
i : tasks
s : states
: units
: event points
Set
)4 : tasks for B.V
I : tasks that can be performed in unit [ /]
J; : units that belong to state [s]
Parameters

ymn yme s maximum and minimum processing capacity for task [7]

FM, FM: maximum and minimum storage capacity for unit [ /]

o : constant term of processing time of task [7]

B : variable term of processing time of task [/]

Pis : proportion of state s produced, consumed by task [7]
Cip : composition of material p of task [7]

Sstarttime; : start time of supply state [s]

Sfinishtime, : finish time of supply state [s]

ST0, : initial available amount of state [s]
FO; : initial available amount of unit [ /]
ST : maximum amount of state [s]

H : Time horizon

Tstartlimit; : the end time of unit j in previous cycle

Binary variables

wv; s task 7 is activated at event point [#]

in

Continuous variables

B, : amount of batch undertaking task 7 at event point [7]
F, : amount of stored material in unit j at event point [#]
ST, :amount of state s at event point [#]

Tin
17

Ln

10.

11.

12.

13.

14.

: time at which task 7 starts in unit j at event point [#]

: time at which task 7 finish in unit j at event point [#]
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