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As part of EUROfusion’s mission to bring stellarators
to technological maturity, the Stellarator Power

Plant Studies (SPPS) WPPRD began in 2021 to
develop a HELIAS-class power plant.

Building on DEMO tokamak experience, European
teams are designing a Dual Coolant Lead-Lithium
(DCLL) breeding blanket (BB) for HELIAS. This

concept uses liquid PbLi as breeder/coolant and

Motivation and Background

decoupled cooling for the first wall (FW).
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Challenge 4: FW design and integration

A conceptual design of a Capillary Porous

Challenge 1: ad-hoc 3D tools development
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Step 2: Structured representation Step 3: STP representation

HeliasGeom and SHANE tools accelerate design by
realistic 3D parametric models for CAD, neutronic, and
thermal-hydraulic coupling +

+

mechanical

assessments
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HELIAS 5-B: 5 periods,
50 coils, R=22 m
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- plasma stability and intrinsic steady-state capability
- RoX from DEMO (BB concepts, Materials, Fuel cycle)
- DCLL BB potential for high temperature/ high efficiency FPP
- specific questions for stellarators (RH, FW, 3D tools) here afforded

These innovations collectively advance
stellarator blanket technology,
integration, and maintainability toward

viable power plant concepts.
PbLi flow paths

3000 MW; n source 1,065 1041 n/s
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PbLi flow aligned to
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thermally,

System (CPS) FW for HELIAS has been Potential

proposed. The detached FW strategy
maintenance from large BB  particular Be-based moderator supports behind the

CPS W matrix improve TBR (1.33 - 1.45) while
reduce BB damage (-40% from 16.47 - 9.80).

shifts
segments to smaller, easily replaceable
FW panels, extending BB lifetime.

Challenge 5: First integral BB stellarator
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and neutronically,

CPS designs with Li in tungsten matrices analysed
show

to lower displacement-per-atom (DPA)

damage while maintaining tritium breeding (TBR). In

Challenge 3: Remote Handling

Vertical ports/ alternative strategies examined:

Detachable (half) periods

Splittable coils

Rotation or translation of coils for wide ports
Enlarging fixed coils at strategic positions
Modifying coil geometry to create large ports

_ Large twisted
[N\ (modular) coil

Vacuum vessel
interface

RH through standard
vertical ports challenging

Two CPS configurations, HFSWi and Li-cooled, investigated
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structural integrity of
the design under
relevant  operational
loads.

Challenge 6: Adaptation to a novel Ql device

reactor design with variable radial build o _ o _ _ _
AN Advances in quasi-isodynamic (QI) configurations
1. 3D studies for TBR, T SN R with improved fast-ion confinement prompted
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Velocities 1 order < DEMO == B‘I;'I'_el 26 28 n source: 9.78x102°n/s - 9.504x102% n/s
Back
wall/shield 18 10 20 40 (HELIAS 5-B)
TBR 1.33 1.26 1.51 1.42 1.34 Max curvature: 1.01-21.8 m (1.26)
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Min coil-coil separation: 0.66 -0.84 (0.85)
Min coil-plasma separation: 1.62 21.48 m (1.62)

reduction > 2 orders of magnitude of shielding Min FW+BB+shield thickness: 77 cm = 73.5 cm"62-5¢effective (77 5%)
responses > quench limits ~ fulfilled and still margin TBR: 1.39 = 1.31 (1.42%)

up to 1.15 TBR,

arget

for ports and divertor
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