SR

The Japan Society of Plasma Science and Nucl ear Fusion Research

BREIFOERSEREFA L LERERREE

B WoW

EX

—+=
=]

H # R 7, Mo

H

() iyt JERT)

Efficient Hydrogen Production Using Heat in Neutron Shield of Fusion Reactor
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Abstract

In future perspective of energy supply, a hydrogen energy cycle is expected to play an important role as
a CO, free fuel for mobile or co-generation systems. Fusion power plants should offer advantages, compati-
bilities and/or synergistic effects with or in such future energy systems. In this paper, a comprehensive power
station, in which a fusion plant is integrated with a hydrogen production plant, is proposed. A tenuous heat
source in the outboard shield, which is unsuitable to produce high-pressure and high-temperature steam for
efficient electric power generation, is used for the hydrogen production. Thisintegrated system provides some
synergistic effects and it would be advantageous over any independent use of each plant.
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Fig. 1 Decomposition energy of water.
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Fig.2 Vertical view of CREST tokamak.
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Fusion Power: 2970MW
Current Drive: 97MW

neutron power: alpha power:
2376MW 691MW
0.05 0.05 0.9
to divertor: | | duct loss: to first wall: to divertor: to first wall:
119MW 119MW 2138MW 104MW 587TMW

134

first wall, blanket & shield:
2868MW

)l

shield:
94MW

first wall & blanket:
27T4MW

thermal output:
3361MW

41%

gross electric power:
1378MWe

recirculation power:
222MWe

Fig. 3 Overall thermal balance in CREST.

net electric power:
1156MWe
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I Breeding Outboard shield
. Blanket
! i:‘;:a;d \ Note:

With the heat from
shields + divertor,
Max 775 ton/day

400K Steam
| 16kg/sec

Electrical de-

composition of

@ |high temp. steam
(1200 k)

‘ Supply
upto 229 MWe

15MPa |
750K
bigh press. steam

To network

Fig. 4 Schematic drawing of Hydrogen production by CREST
(130°C case).

298.15K H20(L)
15.93kg/s
\
Shield
i
d 5. Q:MW
400K H20(G) 450K H241/202 i 208.15K H2+1/202
H2:1.77kg/s
02:14.16kg/s
. Heat 253 MW
”" exchanger
< flin 25.6 w il 5.4 MW
39 MW il
1150K H20(G)  1200K H2+1/202
\
Eétﬁctrolysis il 6.6 MW
e
|_| 1200K 253MW/(229MW+42MW)=93.4%
134V 259 MW 253MW/229MW=110.5%

Heat-power Water  E-power H2 H2-power note

O2MW  1593kg/s 229MW  1.77kgls  253MW
90MW  34.14kg/s 490MW  3.79kg/s  542MW
213MW  80.75kg/s 1160MW 8.97kg/s 1282MW

replaceable shield
shield
divertor/ E-power limit

Fig.5 Thermal balance in Hydrogen production (130°C case).

TADBNG v ZADETERERZ/RLTW A, Qutboard
PR (Shield) 1225C DA Z R L, MERGN T 2
(42 MW) 24695 2 & T, # 130T (400 K) DERMR
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FRERL LTRRECTOEMEOHIEMNE 4 506
133 % (CREST o 480 MR Y A 7 A Tl341%
DFENEFUHE L ShTWBH1]).

HimK (29815 K) & HiKFE + HiRBECERT L
TOLYINE—FALE EOEAICLERNNT —%
Table @Il D THDH., STy I VY —ZRHE
OREX0LLTRBLZ SA»Sb2s L),
1ENVH) OREHBICHERBL Y ¥ VY -84
(285.83 kJ/mol) % £17%2 & 72 % 4745 k] /mol % Rk
HWEEHRTHZTBY, WP RAROMEICERL T
W3,

D 130C 7r— AT, EFEORE (1,200K =930
CT) CHIET 2 HMEMEL 0941 VIZX LT, 134V
DBIFEEMATEBRTLE L, ZOLEZREBET LIP
A BEOEBTEHIBREOREESLTLETHS
B, TITRELZ04VEBEOBEE T4 ICEHT
BB BbNAHPHTHS.

KERER DR

COYATANEET L1530 Y HEWI KEEM
TRPEIPICOVTEZLHEZE LT, Bl 21T,
NEDO (B4 V& — - BEZERANRA RS % d0
HBATWETOY 2 by Za—H% vy A VEHRO—
RE LTSN TREAHERZ ) - i v ¥—
AT LA (WENET) [9]] THREEShZ2TF v+ &

Table 1 Power balance in Hydrogen production system,

a) 130 C case, b) 1,000 C case.

a) 130°C case Enthalpy H AH Power [=FAH L)
(kJ/moly (kJ/mol) ™MW)
298.15K H,0 (liquid) -285.83
400.00K H;0 (gas) -238.38 4745 42.00
1150.0K H,O (gas) -209.48 28.90 25.57
1200.0K H, + 1/20, (gas) 41.678 251.16 222.29
450.0K H, + 1/20; (gas) 6.798 -34.88 -30.96
298.15K H, + 1/20, (gas) 0 -6.798 -5.93
L=885 mol/s
b) 1000°C case Enthalpy H AH Power [=FAHL)
(kJ/mol) (kJ/mol) MW)
298.15K H0 (liguid) -285.83 L1 L2
400.00K HyO (gas) -238.38 4745 21.95 s
1300.0K H,0 (gas) -202.89 35.49 16.43 25.54
1100.0K H, + 1/20, (gas) 36.825 239.72 184.83
350.0K H, + 1/20, (gas) 2.276 -34.55 -26.64
298.15K H; + 1/20; (gas) 0 2276 -1.75

L,=463 mol/s, L,=308 mol/s, L=771 mol/s
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VoW FOBE R TE A (B, S5128 43—
5 OHEELD EO— PPN TEBEA (TR, ®2:E)
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MY B (379kg/s) DKRENBIET ., BEDr— X
T, KERE LY B CRESTOELAB MR E 21,
EHEET LI60 MW 28 A LT, 775 b~ /H (897 kg
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FAN=Z 2 HOKRBEFIZIE ) F 7 AHRAT B0 HE
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Ly, 20500 X3E U5, BE: LTidsy
A= OFHEE 223 MW) ® I B, #E50 123 MW
PHETENEHFTH S, 2B, WThopsd, F
FW R EBEICIHI L CTREL 2L LTW A7 40
T, TANVF—ZEWRYRIEFTE O Outboard HlE ik 5 D
AAHOBEE o2 FALTHS.

32 BRASHRICELI SIS ICRENZTFOES
(1,000C o — %)

HIHT Tl 723500, BRI IX 1,000C O &R
LH6, BMAFONE CIIEERRE2ES 2w &h
B, BMICIERE R ERII R L, BRGHEIER LS
BATTCIGEATELZLDTHA) . BBIZIIFAHT
ERVERETRERATH-TH, KOBLEbTrTLE
RBBTHIMTERIC L HKRFREDT ¥ A MZIZER
WHRBIERRLIZEVIBETOREEHLL, B
EWMLRRID LRV, LaL, 130C 0ES* %S
DT [HEER LTI OBFHEV) I LIZTE S
WEIIZDEbND. RIS S DEERE LR ) E (A
HLTIEWwEY, hid, 25 Z25BHMAENZE0 LS
BHEBIFALIZAVEEZREELTCLE) VAT LATH
BIERFBITRLTWAEDWR A, FIT, il
MEINCRE DT YLy Y v 7 hbn i3 b9, ¥
WA HEELR DS QBB TRARMY BT oL v %2
THh5.

R CORBIIPRTIC L AEHERBTH L2 21T
ERHICETZ, T4bb, BABEILLRVIILTY, #
WEDOHHE L BEDO TR LZWT, TRERE (KK
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JE) %2285 b WiRCTRY T2 &2 6mTird Lk n
DThHbH. BIEETNMARINTHBDOTIE % BN
FEBIEH S, WREEAHIE T T > v b LY LA E
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5. Wimz ) T, MEEFE N ) O SR
ZHET 5LEHH 5D, Outboad MIMEREER 2 & 221 72
MR DD N & & B OPEFAFIETRES L hvS
b, EBANOMB EORBIEIE TSV r v M2l
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Wi Ly =833 kg/s (463 mol/s) TEATHIHIZAY,
TR OKTE + B (830C =1,100 K) 0#l L » THAL
L 130T (400K) oFEFICEFTFHREN S, KIC Out-
board H:E ik #8 (Shield) 12 A Y, 1,030C (1,300K) T
MBEENL. &)V LODMADIS 1L, Fig 704k
PO EHBIZABL/SAT, Mk (KB L =555kg/s=
308 mol/s) WXEREO B TRALL T, Ik H 1030T
(L300K) CFThn#shs.
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(771 mol/s) DALV BHIEICA L, BHETIL 127V
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FX Ly IV ThRRETH L.

WRMOKE EEFRIE, KIS EBY, BITHIEIC
THIARZMEL L7288, LMW OBEBSHERTHTT, &
ARG E %%, BEREINT I8OMW, KERE
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ADIS3 T ¥/ HITIE RIS WA, KEBEAERESS
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R, BREBHOBANET53%, BHOKRTHEMT
E, R oBA%hEIZ 1166% 123 5. 130C 7 —
AEHRD L, BAENETIIN 2%, RPITOBEHR
TIEH 6 %DRE LiZh o T b,

VAT AERDI Y V¥ —%{L% Table L(b)IZRT.
L000C 7 — A TAKDISAH 2 KD B O THETH, 7
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KRR OB LRI Y 7 VY —BLD12% 8B, #
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Breeding  Outboard shield Table 2 Hydrogen production by CREST.
| Bianket
| Inboard Design Concept 130°C case 1000°C case
i shield thermal power source— | outboard shield  all shields widivertor outboard shield
! L300K Steam elec. power fo cell (MW) 29 490 1160 189
| | thermal power to cell (MW) 2 90 213 a2
| > . steam temp. in shield(s) (°C) 130 — — 1030
] Eigf;lggﬁ]iosleof operation temp. in cell (°C) 930 P p 330
! high temp. steam| max. H, production (Ton/day) | 153 327 775 133
| (1100 k) cfficiency overall | 93.4% - p 95.3%
i b effective | 110.5% — — 116.6%
. efficiency:95.3% NOTES low temp. and max. H, production hlgh efficiency
| conservative design concept llenging design
i Supply * Net output of CREST is 1160 MWe
i “upto 190 MWe
15MPa - < o e ) -
750K : DOME %, KETED 5291,000C 8O BERAERICH
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Fig. 6 Schematic drawing of Hydrogen production by CREST
(1,000°C case).
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Fig. 7 Thermal balance in Hydrogen production (1,000°C case).
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