Innovative Approaches to Economical DEMO Reactors
-- Y. Ono (University of Tokyo)
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1) The fusion energy is kinetic energics of neutrons and He4.
2)Each neutron has 14MeV (80%) — for heating water (heat engine)
Each He4 (alpha particle) has 3,7MeV (20%) — for plasma heating
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Closed flux loops: solar coronas are
“thermos bottles’ for fusion plasmas

Solar coronas by X-ray camera have some similarities
to tokamak plasmas.
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Fusion Reactor System
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2)Each neutron Nas 1AMeEV (80%) > Tor heatng water (heat engine)
Each He4 (alpha particle) has 3,7MeV (20%) — for plasma heating
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Four steps for fusion energy development
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Development of Economical Reactor
Spherical Tokamak (ST) for DEMO after ITER
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Expensive, Complicated  Simple, Economical

Plasma beta ~ 3% Plasma beta ~ 5-10% Plasma beta ~ 20-40%
18000ton, 0.5GW 28000ton, 3.53GW 9000ton, 3.7GW

Beta = thermal pressure/magnetic pressure ~ fusion output/reactor cost




- New Trend — Private Fusion Programs
-
me‘le\ow 15y

) Advanced
First Reactor _

Reactor Y s

Demo

Plant

Domectic Fusion

el @ “" | Reactor Development?
_a® A
a“ 1 \ % y

/ Q)\\
US Privatg Fusion Program#/ i

T

TriAlpha -oi 4 / % - 2002/5

4;7 IFMIF
14MeV
ALCTIA W 2 a5
b

International Competition
N o

5 < & JMTR
B RHF A F BRI




n (density) x t(confinement time) [sec/cm?]

1019

1013

1012E

Break-even [ %

Tokamak 1990 S -'1:'1-3

JT- 60 (EI)

Tokamak 1970°s

JFT— 2a(l\3? 1 = :

_ ) Q{E HRES g;:::_f .

1014 ¢

LHD T , .............. ——

Self Ignltlon |

® NIFUCH)

15t reactor &

_______________

JET (BxJ)
BRISX<
"#Eﬁk

@ whpr>

ﬁhl:t kA< oB

10° 107 108

o0

Ion Temperature [eV ]

Major Steps for
Fusion Reactors

| MOutput Energy

~Input Energy
(realized in1990 " s)
@Internal heating

power > Heat loss
= Small external heating

ITER (US, J, EU, Russia,
China, Korea, India)

@ Development of
Low-Cost Demo




Summary

@ Nuclear fusion energy has been developed mainly by large-
scale tokamak programs for future safe and limitless energy.
@ The International Thermonuclear Experimental Reactor
(ITER) program will start its operation 1n 2025, demonstrating
controlled large fusion gain and essential fusion reactor
technologies.

@ Development of the next stage experiment: DEMO needs
innovations for economical fusion reactor.

@ Various national projects and private companies are
conducting R&D towards commercialization of economically
viable nuclear fusion power plants beyond ITER program.

@ In this session, we will present three innovative approaches
to economical DEMO reactors and possible strategies for
commercialization of fusion reactors.



