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Systems code PROCESS

Goals of a systems code:
• consistent FPP design
• effect of varying inputs
• optimise the design 

0D and 1D models

For stellarators: 
“sPROCESS”

Tool for designing a 
fusion power plant (FPP)
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Research question

How does the FWBS module affect the output design parameters of sPROCESS?

First Wall, Blanket, Shield
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FWBS: protect, extract energy, breed tritium

• First Wall:            reduce damage done to blanket
• Blanket: extract energy, breed tritium (neutron multiplication)
• Shield / vacuum vessel: stop the last neutrons to protect the TFCs
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FWBS module in sPROCESS

Calculate:
• deposited neutron power
• deposited radiation power
• required pumping power

Subject to five constraints:
1. consistent radial build
2. lower limit on tritium breeding ratio (TBR)
3. upper limit on neutron power deposited in TFCs
4. upper limit on fast neutron fluence onto TFCs
5. upper limit He-concentration in vacuum vessel

• energy multiplication in blanket
• blanket lifetime
• weight
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Blanket models in sPROCESS

KIT helium-cooled pebble bed (HCPB):
• Calculates all required quantities
• Takes the five constraints into consideration
• produces an error in the global power balance
• hard-coded parameters

Nameless model 2, “Simple model”:
• simple neutron power deposition
• no error in global power balance
• easy to modify
• not very elaborate yet

Nameless model 1, “Inaccurate model”:
• all neutrons experience energy multiplication
• part of neutron power into blanket
• remainder into the shield

remove completely

modify/extend the Simple model, 
using KIT HCPB model, to create

“Extended Simple model”
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Neutron power deposition

Blanket
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Base design
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Base design “PROCESS Cost Unit”, 
resembles 1990-USD
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Advanced design

input parameter: max TFC temperature = 4.75 K

input parameter: max TFC temperature = 22 K
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Advanced design
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Conclusion

Using “advanced” technology
→ relax FWBS constraints
→ smaller shielding thickness
→ smaller machine 
→ cheaper machine (13.69% lower capital cost than the base design)

Systems code: change some inputs/assumptions and monitor the effect on the design

• studied the FWBS module in sPROCESS
• three models before: elaborated on the Simple model, based on the KIT HCPB model
• made a structured and elaborate input file
• created three design points (base, advanced, KIT HCPB)
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Suggestions for further research

• finish verifying the sources of the input parameters
• edit the code further on a small scale
• investigate the possibility of adding KIT HCLL and CCFE HCPB models to sPROCESS
• research how tokamak studies apply to stellarator FPPs
• research how the distinction between “inboard” and “outboard” applies to stellarators
• try more “advanced technology” designs
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Bonus slides

Bonus slides
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Base design (repetition of slide 8)
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KIT HCPB design
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Advanced design
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Changes to KIT HCPB physics models

• neutron power dep.: also include FW
• added Padd calculation
• minor changes to TBR calculation
• include the availability factor for neutron-fluence and He-concentration calculations
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Changes to KIT HCPB physics models: TBR
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Advanced design

Image source:
D. Fischer, R. Prokopec, J. Emhofer, and M. 
Eisterer. (2018). “The effect of fast neutron 
irradiation on the superconducting 
properties of REBCO coated conductors with 
and without artificial pinning centers”, 
Superconductor Science and Technology, Vol. 
31, 044006.
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Decay lengths
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Subroutines of sPROCESS
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Blanket

• shield other components from neutrons
• extract most of the heat (energy multiplication)
• breed new tritium, account for: neutron losses, decay, small storage, new start-up



22 Coffee talk of Michael Goddijn – 12 April 2022

FPP global power balance

Image source:
R. Kembleton, “Demo design process: Fusion 
masterclass, April 2021,” lecture given at the 
Eindhoven University of Technology in April 
2021.



23 Coffee talk of Michael Goddijn – 12 April 2022

stfwbs subroutine: before and after


