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Study on Commercial HTGR Hydrogen Production System

Tetsuo NISHIHARA, Kazuhiko HADA" and Kuniyuki NISHIMURA *

Department of Advanced Nuclear Heat Technology
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Japan Atomic Energy Research Institute

Oarai-machi, Higashiibaraki-gun, Ibaraki-ken

(Received June 9, 2000)

The Japanese energy demand in 2030 will increase up to 117% in comparison with one in 2000. We
have to avoid a large consumption of fossil fuel that induces a large CO, emission from viewpoint of
global warming. Furthermore new energy resources expected to resolve global warming have difficulty to
be introduced more because of their low energy density. As a result, nuclear power still has a possibility of
large introduction to meet the increasing energy demand.

On the other hand, in Japan, 40% of fossil fuels in the primary energy are utilized for power generation,
and the remaining are utilized as a heat source. New clean energy is required to reduce the consumption of
fossil fuels and hydrogen is expected as a alternative energy resource. Prediction of potential hydrogen
demand in Japan is carried out and it is clarified that the demand will potentially increase up to 4% of total
primary energy in 2050. In present, steam reforming method is the most economical among hydrogen
generation processes and the cost of hydrogen production is about 7 to 8 yen /m’ in Europe and the United
States and about 13 yen/m’ in Japan.

JAERI has proposed for using the HTGR whose maximum core outlet temperature is at 950°C as a heat
source in the steam reforming to reduced the consumption of fossil fuels and resulting CO, emission.
Based on the survey of the production rate and the required thermal energy in conventional industry, it is
clarified that a hydrogen production system by the steam reforming is the best process for the commercial
HTGR nuclear heat utilization. The HTGR steam reforming system and other candidate nuclear heat
utilization systems are considered from viewpoint of system layout and economy. From the results, the
hydrogen production cost in the HTGR stream reforming system is expected to be about 13.5 yen /m’ if the

cost of nuclear heat of the HTGR is the same as one of the LWR.

Keywords : HTGR, Hydrogen Production System, Energy Demand Survey, CO, Emission, Economy
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4 HREAD (BA) GDP (xf1990 £ELt) TARLVX—HER (E])
1990 53 1 #9360
2050 95 6.9 #7580
2100 105 24.6 #3720
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#®3.4 RARMO=RVX—HE (1996 £E)

RESHM BT M/

Ak | KTiR | LPG #WhA| BhH | KBR| &5 MR (%)
EEH 13 8753 820 2231 1335 o 13157 275
SRR 0 0 0 0 812 0 812 1.7
tapoged 100 3077 4713 5015 992 871| 14764 309
=B 21 126 1448 1314 653 o| 3562 75
B hith 0 0 0 0 15480 0| 15480 324
&t 134 11955 6978 8560/ 19272 871| 47771 100
HERLEE (96) 0.3 25| 146/ 179 403 1.8 100
E 3 ) B - MJ/m?

Ak | AW | AR | Bh | KER| &5 |[#E (%)
iE =M 5 231 23 18 0 276 23.3
wEHR 0 14 18 50 0 82 7
5 18 1M 81 0 15 285 24
5 5= 7 0 83 0 0 90 76
Lupaliv] 0 0 0 453 0 453 38.2
&t 29 416 206 521 15| 1186 100
HE AL (%) 25 35 174 439 1.2 100

%3.5 EHEHAO=FRALF—HE (1995 FE)
FREM | HUU [Vorms| 29 L 3] LpG | ®H
AE | BEW | CEl

B {5f 103 B kWh
£l 0 0 12 0 0 0 0 18755
EFHE 1457 0 253 0 0 0 78 0
EWE 388 o 1194 0 0 0 0 0
INR 0 0 72 0 0 0 0 0
pii3t- 0 0 8 67 9 238 0 0
i Ze 0 236 0 0 0 0 0 0
&% 1845 236/ 1539 67 9 238 78 18755
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Rk B B (R B Eke)
19964

Rkt

G 257600 100.0
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R 139554 54.2

RA 7 H 49251 19.1
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Z DO 10180 4.0

EANENE 24123 9.3

3.7 1RTRXLF—fEERMEAL
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AMBRICAKFENT R - 1.36
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FHRIRIEAKFED A 5.4 20.6 15. 8
AR 21.8 15.0 17.1
ARa—T A 0 41.4 28.3
a— 7 ALEN A 3.9 7.3 6.2
D A 10.0 5.6 7.0
BRI A 1.5 0.7 1.0
F D1t 11. 4 5.8 7.6
s 100 100 100
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(%) (%) (%)
CHM 47.0 9.5 21.7
AR R{EAKFED 41.9 88. 6 73.5
F DAh, 11.1 1.9 4.8
i 100 100 100

#5. SR BT ABFEHREIORIE

AR | BENEA 7t

(%) (%) (%)
T It 0.4 0.5 0.5
AEMH 1.8 0.9 1.0
CHEM 6.1 1.8 2.3
WALA MY A 1.9 1.1 1.2
Afa—r A 0 0.8 0.7
a— 7 ARER R 0 3.6 3.2
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¥ @ M5 v 7 v | rad 1 eV=1.60218x107°J 0,7 #| da
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1077 e v F c
_ 107° D m
x3  BHTO®EE 6O S TR O P
TR £4 SIEHIHEHIC P I .
LN Ll e L ER L T 0 e Al b
I # B~ o | Hz| s % B 2 8 107 72 4 b f
b3 =~ a2—F+v]| N m-kg/s A0 RO L A 1078 7 k a
[F-R 5 R T 5 B VA S BTV B P N/m? < . > b
a1 B MR Y 2 - | J | Nm ,< - vl bar ()
R, KEE|T . M| W | s » !l Gal L& 50 TEEERGR) 5 K EE
& é . 43{’57 7 — o v| C A-s £ . 0y = Ci Eafs 1985 EHIiTIc & B, 72750, 1eV
A 'e_EF:. SEH R v bV W/A I N R BEU 1 udDf#Eid CODATA D 1986 HE5E
5 & “ Wl 7 » 9 F F C/V 3 N rad I -7
B S ol Q| v/a L | rem A
Sy s s vz |v—Aval S | ANV 2 KARBBE, /o b T~y
# #9 « - | Wb | Vis 1A= 0.10m-10"°m VOATNTHEHARDRULOTL
w & ® Hiy 2 7| T Whb/m? 1 b=100 fm?=10-2* m? ZTIRAEBLI,

. o . . ) — W = 14 3 C T =]
12575 y AN ¥ ) H b/A | bar=0.1 MPa=10°Pa 3. bari3d, JISTRHEKOILHEEDTIH
T RBRE A 2E T | Gal-1em/s® - 10~ m/s? AKEOE20AF ) —IKHEE AT
x F v — 4 Y| Im cd-sr al=lcm/s m/s 3
B v o= Im/m? 1 Ci=3.7x10"°Bq °
LK x| lm/m . 4 ECPAMFES 54T bar, barn sk
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1| N(=10°dyn) kgf Ibf H |MPal=10 bar) kgf/cm? atm mmHg(Torr){ 1bf/in’(psi)
1 0.101972 0.224809 1 10.1972 9.86923 7.50062 x 10° 145.038
9.80665 1 2.20462 1| 0.0980665 1 0.967841 735.559 14.2233
4.44822 0.453592 1 0.101325 1.03323 1 760 14.6959
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R | Bq Ci Kﬁ( Gy rad ;;; C/kg R gi Sv rem
5 1 270270 x 10 " ® 1 100 & 1 3876 g 1 100
it hi @ it
37 x 10% | 0.01 1 2.58 x 10°* 1 0.01 1
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