This paper summarize key findings in the
Abstract Subcommittee for Fusion Development Strategy
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scientific project to realise controlled fusion power generation on the Earth. Fusion is
safer and environmentally attractive energy source with significantly lower radiological
toxic hazard potential than that of fission plant and fairly lower CO2 emission rate than
that of fossil power plant.

The world fusion research has been focused on confinement of high temperature

plasma for 40 years. And now, we have produced high temperature plasmas up to 520
Million Kelvin in fusion experimental device JT-60U at Japan Atomic Energy Research
Institute far enough to fuse deuterium and tritium to produce fusion energy. It is a time to
proceed to the next step, namely to build ITER as an International Thermonuclear
Experimental Reactor to demonstrate feasibility of fusion energy for the 21 century.

In Japan, Fusion Council under Atomic Energy Commission formed the
Subcommittee for Fusion Development Strategy ( Chair : Prof. N. Inoue ) to investigate
technical feasibility of fusion energy including advantages and conditions of Fusion
Energy as an energy option and to identify its development strategy towards the future
electricity production with DEMO.

We report key observations and conclusions in the subcommittee such as advances
in fusion research, advantages of Fusion Energy in comparison with fossil, fission and
renewable, preliminary assessment of target conditions to come into the energy market,
and the development strategy with ITER.
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Population and Energy Trend in Millennium Time Scale shows clear Transition at 2000

[1] Large scale non-exhaustible (at least for a few millennium time

Global Warming with increasing CO@Z Concentration is one of Major Threat of Humankind
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Fusion is a Promissing Candidate of New Millennium
which has Many Advantages over Fossil and Fission
Energy sources.

1. Low CO2 emission rate

2. Low Radiological Hazard Potential
3. No explosion

4. Virtually inexhaustible resources

Fusion reduces risks for Global Warming
and Radiological Hazard , simultanelously
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EXICIO AN Radiological Toxic Hazard Potential 1-131in 3GW LWR

Resource for Fusion is abundant and is not
maldistribute
The resource for world electricity production (1.25x10' GWh/year)
Lithium (without recycling) : 1,500,000years
Beryllium (with recycling) 70,000 years
Niobium (without recycling) : ~ 70,000years
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Technology No.26(1996).

Fusion produces little CO2 to Atmosphere

[1] Fossil energy sources have high C02 emission rates
(after Prof. Uchiyama, Tsukuba Univ.).

[2] cO2 ion rate evaluated by Dr. Tokimatsu (IAEA TCM 1998) was found to
be small (6-12 Carbon g/kWh) similar to that of Fission power plant.

[3] Fusion is found to be promissing with respect to the Global Warming
Problem.

Fusion has low radiological hazard potential

[1]1 Hazard potential of radioactive material is measured by a
ratio of radioactivity (Bq) to concentration limit in the air
(Bg/cm?3).

[2] Concentraion limit of '3'1 (10Bg/cm3) produced in fission reactor is 1/500
times lower than that of tritium since '3'l tends to concentrate in specific

organ (thyroid gland) and stayed longer.

[31 Fusion has 1/1500 times lower hazard potential compared with fission.

liological Hazard of Fusion waste is much Lower th
that of Fission

[1]1 Hazard potential of radioactive waste is measured by a
ratio of totalradioactivity (Bq) to concentration limit in the air (Bq/cm3).

[2] Hazard potential of Fusion waste is much lower than that of fission since
high level waste is not produced.

[3]1 Hazard potential of fusion waste becomes even lower than that of coal
ashes (containing 238U, 232Th etc).
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Y. Uchiyama, Report of Central Research Institute of Electric Power Industry, Y94009, Life Cycle Analysis of Electric Power
Generation System (1995).

K. Tokimatsu et al., 6th IAEA TCM on Fusion Power Plant Design and Technology (1998).
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Progress of Fusion Research

1. Fusion triple product increased by 1 06
within 30 years.

2. Physics of tokamak is understood well.

3. Fusion Technologies are ready .

4. Irradiation test shows quite promising
for Fusion Material.

Achieved Fusion Triple Product (ntT) increased as rapid as DRAM memory size
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Japanese Fusion Device JT-60 produced world highest temperature 45keV (5.2 x 1 o8 deg) much higher than that of the Sun.

50 T T T T —————————
BRI
40 v
%\ T 1 @
<
2 GUINNESS BOOK
2 20f ] OFRECORDS
©
o] Electron i s oy Sk
g temperature “‘,‘MM‘W“&M i WTM”'
x10” (asikv)
o 10 "f!ﬁvfﬁwl-&u::ufm
'_ -y (dewice
1 1 1 N
0 0.2 04 06 0.8 1
center  normalized radiusr/a  surface B

)gies such as Superconducting magnet are ready for the Fusion Energy Pra

100
o0 F Demo reactor TF coil
(16.5T, 80kA)
80 ([ ]
70
< 60 [
2 ITER-TF(12.5T, 60kA)
£ 50
o
L [ J
5 40 ITER-CS(13T, 40kA)
[S) 0k e US-DPC
DPC-U @ Target for Demo reactor
20 DPC-EX Ler @ Demonstration in model coil
s LHD
Coil for ® Current status
10 |- magnetic . T™C
Jevitaton tran Tore S T™C _0 e
P il S 1 — =
5 6 7 8 9O 10 11 12 13 14 15 16 17 18 21 22

Magnetic field (T)

2020

Irradiation-resistant Structual Materials for Fusion Blanket are dev

O 1000
Py
<
|
[35]
=
£ 500
5
®
=2
©
[
[eN
£
et o

SiC/siC cumpoz’ote material
(Talg(—l't)

Vanadium Alloy (Target)

(Target)
Reduced Activatio

Refinement I:Jf Microstructurd
By the Imprgvement of
Design Methods

\ T o
Reactor
T Blanket

Austeijitic Steel 1
5 10 15 20

Neutron Fluence (MWa/m2 ~ 10 dpa)

12

1015

1014

-

=)
=N
w

j(0) 1 (sec. cm™3)
3
N

1011

1010

Self-ignitio

Brea

Tokan;

TeTRCUS) W [3T,

FTUCEY

{Jr—mu(J)ﬁJ

c- H
LHDC00) TFiR(US)
~ : ]
[EEER e
Heliotron E Tokarﬁ ASDEX<WCEL)
(Kyoto U.; MMA—T
™o Grsukuba U.>
IFT-2M

T-2
JFT-2a |

Achieved regime of RFP.__| @ RFPdevice

TN
kamygk ‘60 )
> O Helical device
A Mirror device
he of REP.
thers are
i i

106 107 108 102
Central ion Temperature (deg.)

20



Load to Fusion Power Production

1. Demonstration of Scientific and
Technological Feasibility by ITER

2. Fusion Power Generation by DEMO

3. Commercialization of Fusion Power

Development Strategy

[1]1 The principal experimental objective of ITER is the production and
control of burning plasmas.

[2] Fusion energy development can be achieved by advancement of
existing technologies if the control of burning plasma becomes

possible.

[3] Attractive DEMO reactor can be realized by demonstrating steady-
state operation.

Studies of Nuclear Fusion Emergy Potemtial Based om a Long-term

World Energy and Enviromment Model

by K. Tokimatsu et alResearch Institute of Innovative Technology for the Earth (RITE)
IAEA Fusion Energy Conference (2000)

Linealized Dynamic New Earth 21 Model

Main Conclusion of their paper:

[1] Present tokamak type nuclear fusion reactors can be introduced
between 2060 and 2070, and electricity generation fraction will go
around 20% in 2100.

[2] In conclusion, nuclear fusion energy is revealed to be one of the
candidates of energy supply technologies and CO2 mitigation
technologies.

Power flow in Fusion Reactor

Power flow in SSTR
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[1] Fusion is characterized by its low CO2 emission rate and

also by its low radiological hazard potential.
[2] Resources for fusion is abundant and is not maldistributed.
[3] Fusion research is an exciting and challenging project of
humankind.
[4] ITER is a most important step to demonstrate scientific and
technical feasibility of fusion energy.
[5] Fusion community is ready for significant energy production with
ITER.
[6] Fusion can be an attractive energy option for new millenium if
appropriate R&D has been performed.



