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Comparative system evaluations are helpful.
Related to physics, engineering and economics, 
comparative assessment will clarify the optimized 
target and limitations of both systems.

Why tokamak vs. helical systems?

For Future Reactors, Steady-State and Good 
Confinement Compact System is Required

Tokamak : Good-Confinement
=> CD required and inefficient?

Helical : Steady-State
=> Large & Expensive?



Kozo Yamazaki - 4

Helical Reactor
Heliotron
Modular Heliotron
Modular Stellarator

Tokamak Reactor
ITER-like Reactor

High Beta Compact Reactor

Advanced Design
(Example: CREST)

CHS-qa like

LHR/MHR

ITER-like

3~Nβ

5~Nβ

%5%,3~β
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System Analysis Flow ChartSystem Analysis Flow Chart
INPUT

OUTPUT

Plasma DesignPlasma Design Engineering DesignEngineering Design

Magnetic ConfigurationMagnetic Configuration
(Helical or Tokamak)(Helical or Tokamak)

SC Coil (Maximum Field, 
Current Density, Stress)

Blanket Space
Wall Loading
System size
Remote maintenance space 

Confinement Time
Alpha Confinement 
Beta Limit
Density Limit
Ignition Margin

Cost AnalysisCost Analysis
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Physics Models
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Engineering Models
Tokamak Helical
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PN

PCD

Pα

Mbl

PCDe

0.7(P α+PCD)

MblPN Pth

PCD=ηCDe PCDe
(1-ηCDe )PCDe
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Peg

Plasma Heating

System
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ηe=0.35

ηCDe =0.5
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Reactor Power Flow



Kozo Yamazaki - 9

Cost Analysis Models
Specific Weight Remarks

(U=100MY) inside outside (ton/m 3̂)
Capital Cost

Direct Cost
Fusion Island

Blanket 0.2 U/ton 0.45 0.6 4.8 Ferite.Be,Li2O
First Wall 0.1 U/ton 0.05 0.1 3.9 SS/Frite
Shield 0.04 U/ton 0.6 1 7.8 20% additional
TC Magnet 0.12 U/ton 7.9 Nb3Sn
PC Magnet 0.12 U/ton 7.9 25% of TF/HF Volume
HC Magnet 0.15 U/ton 7.9 Nb3Sn
Heating 2 U/MW ICRF (50% efficiency)
Current Drive 4 U/MW NNBI (50% efficiency)
Support 0.06 U/ton 6 50% of Coil Volume
Base 0.03 U/ton 6 25% of Coil Volume
Divertor 0.2 U/ton 0.05 0.1 6.9 2x10% of wall

Balance of Plant 2700 U*(Pf/4000) 0̂.6 6% addiditonal power
Indirect Cost
time-related Cost

Annual charge
Operating Cost
Component replacing

  Blanket 10MW/m 2̂*year
  Divertor
  Heating & CD

Fuel 150 U/yr
Waste disposal 0.2 Y/kWh
Decomissioning 0.1 Y/kWh
Electric conversisionnefficiency 35 %
Availability 75 %

25% of Initial Cost

5% of Direct Cost
10% of Capital Cost
4% of Capital Cost

until maximum flux

Unit Cost Thickness(m)

25% of Direct Cost

100% of Initial Cost
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Aav=3.0, κ=2.0, δ =0.5
q0=1.0, qa=3.5
fα=0.95

Aav=6.0,L=2, M=10, γ=1.25
εH=0.05*(1/10) 2/3

fα=0.90

Base Case Designs
Tokamak Helical

Bmax =13 T
impurity(Z=6) 1%, alpha 5%, Zeff=1.5

T~(1-x2), n~(1-x2)0.5

Beta = 5%, Pelect = 1GW
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COE, Capital Cost 
vs. Electric Power Output
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(1) High temperature, thermally stable operation with high BS current fraction 
is preferred in tokamak reactors to reduce CD power. In contrast, low 
temperature operation is feasible and desirable in helical system to 
reduce helical ripple transport.

(2)    Capital cost of helical reactors is rather high, however, COE is almost 
same as that of tokamak reactors, because of smaller re-circulation 
power (no CD power) and less-frequent blanket replacements (lower 
neutron wall loading).

(3) The engineering improvement of increasing maximum magnetic field 
strength leads to the compact designs. However, it does not mean the 
strong reduction of COE because of the increase in the wall neutron load. 

(4)      The system availability might be affected by this wall lifetime and the 
blanket maintenance time. A rather-compact, high-availability and steady-
state reactor should be explored for the realization of future economical 
and attractive fusion power reactors.

Summary


