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Common agreements on DEMO in Japan

Based on the report by Atomic Energy
Commission

# Commercial use of fusion should be ready
before the middle of this Century
— The DEMO is a final step for commercial plants.
The commissioning of Demo should be finished
until ~2040, because we will need over 10 years

of DEMO operation to demonstrate the reliability
of fusion plant.

# Steady state operation should be demonstrated.
Output of commercial plants should be steady state.
Then, a steady state plasma operation will be desirable.
If not, a kind of energy storage is required for the
commercial plants with additional cost.
From view point of the reliability as well.



Examples of Demo designs in Japan

SlimCS (JAEA)

cryostat

blanket

e ITER
center solenol Rp=6.2m
Rp =5.9m, A =2.6, V*S~0.2Lplp Rp =7.3m, A =3.4, V*S~0.8 Lplp
Brax = 16.4 T, By = ~4.3 Byax = 16 T, By = 1.9 min, 4.0 max w/ rs
Naturally high beta by low A design Based on ITER physics.
Similar to JT-60SA plasma Similar plasma configuration to ITER

Compact, Flexibility in blanket design Moderate size (but larger than ITER)



SIimCS by JAEA (Concept)

In the concept of SIimCS, Rp=5.5m A=2.6: less than ITER
the CS (Central Solenoid) cryostat

has a small radius (0.7m), kit blanket
being capable of plasma
shaping and plasma current
ramp up to 3.8MA (23% in
operating current).

Although such small CS size
causes a constraint in
operation, it has
advantages to allow us to
introduce a thin toroidal
coil and contributing a
reduction of the reactor genter solenoid

: C| . K. Tobita, S. Nishio, M. Sato, S. Sakurai, T. Hayashi et al.,
Size and Its cost. Nucl. Fusion 47, 829 (2007).




SImCS (Maintenance)

The SIimCS also adopts
the sector transport hot
cell maintenance scheme,
which minimizes time
required for the
maintenance, and then
results in the low
operation cost.

Cryostat

Small size --> light

weight of the Blankets. L
Low A --> Wide space P TF coil
between the TF coils.

Horizontal transport (SImCS)

K. Tobita, S. Nishio, M. Sato, S. Sakurai, T. Hayashi et al., Nucl. Fusion 47, 829 (2007).



SImCS (Low A & High beta)

Base on MHD theory, the
Low A (aspect ratio) 6=0.5
design of SIimCS
naturally results in high
beta-N and high
elongation plasma.

SIimCS

Such A=2.6 plasma will
be tested by JT-60SA,
while it will not be
achieved by ITER.

Elongation,




SIimCS (Blanket design-1)

The blanket of DEMO is required to have continuity
with the Japanese ITER-TBM program in which water-
cooled solid breeder blanket will be developed.

The temperature and pressure of the coolant are one
of the key issues in the blanket design. The PWR
conditions (15 MPa, 285-3259°C) will be problematic in
that the required large amount of coolant can detract
the TBR (tritium breeding ratio).

Use of supercritical water (25 MPa, 280-5100C) is
anticipated to cause serious corrosion of low activated
ferritic steel (F82H).



SIimCS (Blanket design-2)

Considering these points, the subcritical water condition of
~23MPa and 290-360°C (AT=70K) is chosen for SIimCS. The
local TBR can attain 1.42, corresponding to the net TBR of 1.05.

Y. Someya, H. Takase, Y. Utoh et al., “Simplification of blanket system for
the SIIMCS DEMO reactor”, to be submitted to Fusion Eng. Design.



Demo-CREST by CRIEPI & U. Tokyo (Concept)

ment scenario of tokamk fusion
power plant

CRESH

Introduction into market
H OS50 |8

Tokamak devices

JT-60U; JET etc
Feasibility of burning
plasma
Frilom 1980°' 5 JNopiesiennt

» The demonstration of electric power generation in the 2030’s is focused on.
That means Demo-CREST has to be constructed just after or during the
ITER project

e Testing by ITER is an important policy in this development scenario of
Demo-CREST. This leads to the selection of A=3.4 (~ITER).

e Steady state operation will be developed by JT-60SA because the high
efficiency SS operation requires advanced tokamak plasmas.

e Thecnologies for Demo-CREST are similar to SIimCS (16T coils, a water
cooled RAF blanket with solid breeder etc.).



Parameter scan for Demo-CREST

With an extensive analysis by system code FUSAC, covering the plasma
parameter ranges listed in the table, the database for about hundred
thousand (100,000) operational points has been constructed .

Major radius R 6.0~8.5m
Aspect ratio A 3.0~4.0
Elongation k 1.5~2.0

Triangurality 6 0.35~0.45

Operational temp. <T> 12 ~20 keV
Safety factor q,, 3.0~6.0

Max toroidal field on coil

16T* (13T for ITER)

NBI sys. efficiency nyg;

50%* (35% for ITER)

NBI power limit

less than 200 MW

Thermal efficiency n,

30%

Thickness of blanket + shields

1.4 m

\olt sec of Central Solenoid

~100% Ip ramp-up




R. Hiwatari et al, J. Plas. Fus. Res., Vol.78, N0.10 (2002)
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Demo-CREST (Phased operation)

The unique feature of
Demo-CREST concept is
the two phase operations,
I.e. demonstration phase
(1st phase) and
development phase (2nd
phase).

In the 1st phase, net
electric output less than
500MWe is planned with
minimum extension from
the ITER technology.

This design policy,

‘.)‘

Maintenance Port Blanket Divertor

Maintenance Port

however, results in the
size larger than ITER.
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Demo-CREST (Phased operation-2)

1. to demonstrate electric power generation with moderate plasma performance
which will be achieved in the early stage of the ITER operation, and with
foreseeable technologies and materials (Demonstration Phase OP1~-OP4 )

2. to show a possibility of an economical competitiveness with advanced plasma
performance and high performance blanket systems, by means of replacing
breeding blanket from the basic one to the advanced one (Development
Phase OP4, OPRS )

OP1|0OP2|0OP3|0P4| OPRS
R(m)/A 7.25/3.4
TF Coil PF(ml I K/8 1.85/ 0.35
]/;uu,r Bl: mku Mndule qmin/q95 -/5.0 -/5.213.6/6.5
\{}Ma ol Bn 19(25|3.0| 34 4.0
f ‘::> — HH 096(11(1.2|1.2 1.4
fnew 0.56(0.73|0.80(1.02| 1.31
| Py, (MW) 188|190 | 185 | 191 106
B . r.-“ o gy P: (MW) 1260(1940|2460|2840( 2970
f andalng evice -
Divertor Port E Cask Basic
Penet Blanket 30 12301390490
Large module (Demo-CREST) (YWWAN Advanced
Blanket 830 1090 §)




Roadmap Study in Japan

The report was produced by Fusion Energy Forum of Japan
in response of Ministry of Education, Culture, Sports, Science
and Technology -Japan, which asked the Forum how to
develop tokamak type DEMO reactor as a case study.

It is available from the following Web site (in Japanese):

http://www.naka.jaea.go.jp/fusieenergyforum



A request to Fusion Energy Forum from MEXT (October 2007)

MEXT: Ministry of Education, Culture, Sports, Science and Technology

To show a roadmap to finish the preparation for
commercial use of fusion,

@ before the middle of this Century

@ assuming Tokamak plants

Members of the working group for roadmap study

OKANO, K (Chair) | Cent. Res. Inst. Elec. Power. Ind. (CRIEPI)

Hasegawa, M. Japan Atomic Industrial Forum (from MITSUBISHI Electric corp.)
HORIIKE, H. Osaka University

IMAGAWA, S. National Institute of Fusion Science (NIES)

KONISHI, S. Kyoto University

MORI, S. Japan Atomic Industrial Forum (from Kawasaki Heavy Industry. Ltd.)
OGAWA, Y. University of Tokyo

TANIGAWA, H. Japan Atomic Energy Agency (JAEA)

TOBITA, K. Japan Atomic Energy Agency (JAEA)




Method to build up the roadmap

(1) Completion of breakdown list of works required

toward the DEMO.

The list should include all R&D issues, required to

construct the DEMO.

Note: This list should not be “a list of the existent R&D issues”.
It is very important to find any issues or works missing in the
existent R&D issues but indispensable for constructing the DEMO.

We have survey the R&D issues carefully, and we have
broken down the R&D issues in over 1000 works.

(2) Completion of the time table for every work and
check of the correlations to build our roadmap.
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Yoars
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Summary

@ Two designs for DEMO have been shown:
1)SIImMCS; a compact size & a low A design (=2.6)
(can be tested by to JT-60SA)
2)Demo-CREST, a large size with a moderate A (=3.4)
(similar to ITER advanced plasma)
Technologies for both designs are nearly equivalent.

Further optimization of DEMO design Is in progress.

@ The roadmap has been built based on the list of
break down structure of works (WBS), and the break
down schedules.

According to this roadmap, the demonstration of electric
power will be possible by the end of 2030s and the Commercial
use of fusion will be ready not later than 2050 if we begin the
related R&D’s during this decade.



