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National Academy of Sciences calls for Pilot Plant by 2040/50
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National Academy Review

BURNING PLASMA
RESEARCH

Notional Budget for U.S. Strategic Plan for Burning Plasma Research
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Cost of plant — Simplistic Rule of Thumb

Empirical fit to the machines/experiments that have been built

$ X R2(1 -+ ClB -+ CQBQ)
-

This formula results from the cost of engineering not
the cost of stuff (steel, tungsten, niobium etc.). | think it is misleading.
>60% of cost is from coils, power supplies, cryogenics
SIMPLICITY MATTERS
Must add the cost of Balance of Plant — in fission this is > 80% of the
cost. It depends critically on the thermal output of the fusion system



Can we make it smaller and cheaper?

What sets the size?
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DIII-D Shot 121717

GYRO Simulation
Cray XIE, 256 MSPs

Thanks to Ron Waltz, Geoff Candy



Energy Confinement -- Random walk of heat/particles.

N random turbulent steps to leave machine See Saskia Mordijck’s lecture tomorrow
Eddy size p;— Larmor radius R

Vi = ion thermal velocity

R~+VNp; = N~ (=)?

Pi
R
Eddy turnover time = Teddy ™~
Uthi

TE = NTeddy X B2R3T773/2

Work at constant temperature the community
defines an enhancement factor H such that

+ R

of the geometry T [ X H3B2R3

lgnoring subtleties
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Burning

densit 3P
Po = Ty TeRRRY 2 self heated

T 2T
0.018 P2 b b
CONDITION TO BE SELF HEATED

Ptg > 10(atmopsphere, s) “Lawson Triple Product”
A X
\\

U BHPBUR? > constant.

H and beta depends on shape profiles etc. Physics!
SCALING FOR SELF SIMILAR TOKAMAKS

5 (51/41{3/4) BR3/* > constant




National Academy of Sciences calls for Pilot Plant by 2040/50
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Self Similar Power and Stored Energy
BH?B*R? = constant  |GNITED DEVICE

FUSION POWER FROM DEVICE = Prysion X Volume x 82B*R> «x ——

Total power essentially independent of size/field
Small high field devices have large heat fluxes

61/2R3/2
H3/2

Use scaling

ENERGY STORED IN PLASMA: &1, = 1.5P x Volume x 8B%R?



Sometimes the plasma becomes unstable and deposits its energy on the wall
(often as relativistic electrons) this is called a disruption

B BL/2
Y A5 xR

r— T

Machine learning being used to predict the
Disruption and avoid it.

Most disruptions driven by the plasma current.



Or 3D? No Plasma Current.
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Innovation — permanent magnet stellarator — Gates, Zarnstorff, SC

6/14/20 14



Perfect Energy?

Safe, no waste legacy, abundant, minimal
land use. But

Development is not optional

We must push down the cost and scale if we
are to get to market.




Thank you



