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Conceptual Design Study of a Hydrogen Production Plant with a Sodium
Cooled Reactor Using a Membrane Reformer
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O In Phase 11 of the feasibility study on commercialized FBR cycle systems of Japan Nuclear Cycle Development Insti-
tuted INCL] one of promising concepts is a multi purpose small reactor with various requirements, such as safety and
improved economical competitiveness. In the previous study, hydrogen production using a hydrogen separation re-
former was studied as one of the promising concepts.This study investigated the conceptual design study of a hydrogen
and electric co production plant. The thermal output of a fast reactor is 375MW and 25% of the thermal output is used
for hydrogen production] 70,000 Nm*/hOThe hydrogen production cost is estimated at 21yen/Nm?® that is higher than
the economical goal of 17yen/Nm?®. The major reason for the high cost is the large membrane reformer required because
the palladium membrane is limited in its hydrogen separation efficiency. A new highly efficient hydrogen separation
membrane is required to reduce the cost of hydrogen using a membrane reformer.
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Hydrogen Production, Membrane Reformer, Palladium Membrane, Multi purpose Reactor, Steam Reforming, Small
Reactor, Feasibility Study on Commercialized Fast Reactor Cycle System

ooooo ooooo ooooo
FBROODOODODOOO FBROOOOODODO FBROOOOODOOO
0 0 ooooooo
oooooo gooooooooooo pooooooooooa
0ooooooooo ooooooooo oooo

oooo

ooooo
0ooooo oooooooo
0ooooooao 0o
nooao poooooaoo
0ooooooao

000000000NeMoOImm



I o o

gooogo
OFBROOOOODOOOODOOOOODOMODO
goobooobooboboobooobobooboon
goobooobooboboobooboobooboon
goobooobooboboboobooboobooon
gooboooboobobooboobobooboon
gboobooooobobooog
goobooboobobobooboobobooon
goboboobooboboobooboobooboon
goobooobooboboboooboobooboon
gooboobobobomo o oooo oo
goobooobooboboobooooboobooboon
goobooobooboboobooobooboobooon
gbooboobooboboobooboobobooon
ooooooboobobooboooboboOooo
oooooooooooo™
ooobooobooboboobooobobooon
goooooboboooboooboobooon
Oo0ooooooo*ooooooooood
ooooooboboboobooobobooon
oooooOmooboooooobobooon
goboooobooooboooooobobooooo
goooooboobobooboooboboooon
goobooobooboboobooobobooon
goobooobooboboobooobobgooon

600

500

400

300

200

MHERESH (BAR)

100

2010 & 2020 £

uoboooooooooocooooo

12,000

10,000

8,000

6,000

4,000

EERAHERL S (We)

2,000

2010 & 2020 &

oboooooooooooooood

Egﬁhp BREA L

BARIE HTTRIZHIT 3

At AR
WL

A7 E TS

ERMEFE

550°C X
Naf 47 oo | BEKESBESR

300°C || ERHMRE |

KiF || I & KSR |
300°C 500°C

800C  mmmm
000000000000 000

000o00oooooooooooooo™=g
gobooooooooobbooobboonon
gobooooooooobbooobboonon
gobooooboobooobbooobboonon
goboogooo

CH, +2H,0 = 4H, + CO, —185kJ/mol 000

gbooooooooOobobooooooooo
0Moobooboomoooboooooboobogoo
oboboboooboobobooooobobon
gboboboooboobobooooobooboo
gboboboooboobobooooobooboo
gboboboooboobobooooobobgoo
gbobonoobobooboomooobgoon
0000000000 oooo®*o
gbobobooboobobooooboobon
gboobobooboboboooobooboon
gboobobooboobobooooboboon
gooogoog

gbooboobobooon

gmboogo

gboboboobooboboooooboobgoon

gboboboooooooboboog

gboobobooboboboobooooboobgon
bobogoboooooobo

000000 oOoOo/dnooooooogoon
oobooooooboboboooooobo
oooooooooobobono

gbobooboooboboboooooboobgoo
oobooooooboboboooooobo
obobooooobobobooooboobo

00000000 0NeMOoOImm



goooooooo
goobooobooboboobooobobgoobooon
gooooobobobobooboobobo
gboooooboboboboooobobo
gooooobobogo

gmoooboo

goobooboobobooboobooboobooon
gobobooboobobooboooobooboon
gooboooobmnoooooobgooon
gooboooboobobooboooobooboon
gogobooobobooobbooobobooon
bbb oooobooobo™mon
goobobonpooonoooooobooon
goobooobobooobbooobooon
ooobooobmoooboboobooooobo

goobooobooooo

gooooo oooo
o o o o o gooooooo
O o o0 o0 o gooooo
oooooooog
Oo o0 o 0o 0o0ooo
0 0 O 0 Mwtd 1D
0 0 0 0 0 MWel (RN
o o o o o 0O Nm*hO e
O 0 O 0 0
goooooooomoooooooo NN
goooooooo 1D
0ooooobooogomXoomod (RN
OHXODmoo [REN}
0o O o o o ooo [mEN
0o 0O o o @O 0 MPal mm
0 O O O 0 MPall O
0 0 0 0 oood 11
0 0 0 Oo-0 ]
IRFRIDLAER  2RFIIILAER

550°C 540°C

1L

KEDHBER
(17MWx2)

JRiL
(375MW)

SG(327MW)

395°C

ooooooooooooon

gboboboobooboboooobooboo
goooooooMwooooooooboooo
gooobomvmwoOobooooomMwbdogo
gboomomvmwboooboogooomooogo
O000MMmMONm/h000000000000
gobomoooboobooobDogdoMwe
gooogoog
gboboboobooboboooooboboon
gbobobooboobobdo m 0mMPa
gboboboobooboboooooobgon
gbooboMPaODOOO0OO0ODODODODODODO
goobooooMPaOOODODOODOODOOO
oooboobooobooboboooooboobooo
oboboboooboboboooooboobooo
goboboooboboOoboooooboooogo
ooooooboboooboooooogooooboo
oboboboooboboboooooboboo
gbobooboooboobobogooo

gmoooboog
ugbooodgooooobboooboboanon

e AEAMRIHE KEERFI
375MW 25%
70,000Nm3/h
FHREE
14MW
HERER
327MW
KEFIB RRRHE
g%ﬁufﬁ 113MWe
281MW
gooooooooooo
2RI R LT BANTRE
KRS HRES ~ .

FlhER

ooooooooooooon

000000000NeMoOImm




I o o

goobooobooboboobooobobooon
goooooboboooooboboomoooon
goobooobooboboobooobooboobooon
goobooobooboboobooboobgooboon
goobooobooboboboobooboobooon
gbobomoboooooboboboooobo
goobooboobobobooboboobooon
gooboooooobobobooboooo
gooboobooboboboooboobooboon
gooooboobbooooooooobmoo

KkFHO
i
WEHRAAO .
oy | HEHRE
FrUSBLAOD =
e =
ERE— |
el |V PF Y]
F rUSHAKO
<=
kizgz; J
0
AoHAHEAO

coooooobooooboooo

cooooooboooboogno

oooooo gooo
gooooooobooooobog ooo m]
O | ] 0o omMmwo m
ooooooooao ooo (NN
ooooooooao ooo om
O 0 o0 0 o0 0 o0 0Ovho Omrm
o o o0 o 0O o ooo [REN
o 0O 0O 0 0 0O OwMmpPad O
o o o o0 0o 0 0Otho m
o O O O 00 Nm¥%hO Mmm
o 0o o o o o0 o ommd M
oo0oo0oo0o0oo0o0 Oommd mom
oo0Dbo0oo0o0ooo0o0o Ommd gm
ooooooooo Ommd m
ooooooooooooo Om0O Om
| g ] oo Omrm
| g ] OmO 0m
O | ] ] OmO [om

gboobobooobobobobooobomMwi
gbobobooboobobooooboboon
gbobobooboobobooooboboon
gbooboboobooboboooobooboon
gboboboobooboboooobobgoon
gboboboobooboboooobobgoon
gbobobooboobobooooboobgoon
gbooobogooogo
gboobobooboobobooboooobooboon
gbooboboobooboboooooboobgoon
oboobooboooboobobooooobooobogoo
oboobooboooboobobooooobooobogoo
ooobobooobobobooooobooobogoo
obobobooobobobooooobobgoo
ooooon

gmooogoo
obobobooobobobooooobobgoo
oboboboooboboboooooboboo
gboboboooboboboooooboboo
gbobobooobobobooooobooboo
oboboboooboobobooooboboo
gbooboboooboobobooooboboo
00000000000 Mooo0o0moon
obobobooobooboboooobooboo
oooooooboboboooooogoooooo
000000000 Om 000000000
ODMMOm0 000000000

H,

CH4,H,0

Na

FrIDLE
CH4,H:0,CO;

INSDT) LK S B IE
00000000oO0oooooo

000000000NeMoOImm



ETIPEE
(B VRHF)

ooobooooooon

ooon
gmooog

0000000 0ooooooooooooo™
goobooooobobobogooooo

gooooobobobogoboon

goooooboboooooboobo
gooooobobobooboooboobgooon
gooboooboboboobooobobgooon
goobooobobobooboooboboooon
gooboooboboboobooobobooon
gooboooboobobooboooboboboon
0000000000000 moouooog
goobooobooboboobooboboobooon
gooboobooooobobooon
goobooobooboboboobooboobooon
gobobooobooboboboobobgoobooon
gooboobooboboboobooboobooon
gooboobooboboboobooboobooon
goboobogoooo

gogogoog

goooooooo

goooooooo
gooboooboobobooboooobooboobooon
gooboooboobobooboooboobobon
oooboDoomoooobooobooooobo
goooooboobooon
goobobooboooooboboboon
goooooboboooboooboobooon
goooooboboooboooboobooon
goobooobobobooboooboboooon

gooooooboboboooooooooooo
gboobobooboooooobon
gbobobooboobobooooobooboon
gboobobooboobobooooboboon
gboboboobobobooooboboon
gooooobobobobooooogogooooboo
gbooboboobooboboboooboobgoon
gbooboboobooboboobooooboboon
gboboboooobobooo

2Na+C0,=Na,0+CO —131.1kJ/mol oog
Na+H,0=NaOH+1/2H,—-183.8kJ/mol ood

gboobobooboobobobooooboobgn
gbobobooboobobobooooboobon
oboboboooboboboobooobobgoo
gooboooopoooobobobooobooobogoo
gboboboooboboboooooboboo
gbobobooobobobogooooboboo
oboboboooboboboooooboboo
oboboboooboboboooooboboo
goobooogon

gompoogooooooboogon
obooboboooboobobooooboboo
gboobobOoobooboboooooboboo
gbooboboobooboboooobooboo
00000

0000000000 oo0oooo™Moo00m
gbobobooboobobooooboobon
0000000000000 000xM"Bg/g
00000"Moo0000000ooooooon
Ooo0oooo@mBg/gOOOOoOCOOOOd
O0O0OHTTROOODOOOOO O OMINBg/g*™ D
gboobobooboobobooooobooboon
goooooooboobDbOrPOOOODODODOO
LIOBO O HeOOOOO*HeO O DD OODOOO
O0000000FPOOODODODO®BO0DOOO0
gboboboobooboboboooboobon
gboboboobobobobooobobon
oogd

gmoobooog
gooboooooobooobbooobbooon
gobooooboobooobbooobbooon
gbobooboooboboboooooboboo

00000000 0NeMOoOImm




I o o

gogbooooboobooobobuooboobobooboo

oooog oooo O 0O 0O o o ooooooo ooooooo
0 Na+CO _ Na;O+C OODmkd 0000000 g%%%%ﬂﬂﬂfg?gg
noobo ) ooooo oooo0ooDooooo
Na co DNMDC%QC+NCO QO SE%DDDDDDDDD Q0ooooOOoODOD
— NabzrNatUs 0oooooon
0 Na+CO, - Na.0+CO 000DDKO | goooooooooon
Na,0+CO; - Na:COs OOOmk) (00000000000
0 Na+0O H,O
~ 0 NaOH+H, ooDOoooooooono
OIomkJ
00000 | 00000 | O NaOH+CO, ooooooopoooo |[B00000DDO0ODOOD
oooo0oooooooog
Na CO» - Na,COs+H0 Sooo
0 Na+O CO. ooDOoOooooooono
-0 Na.COz+C . Wk OoOoo
O Na+0O CO; 0oooOooooooooo
. Na,COs+Na;0+C DODWK | o hpppoooooo
0 N& LG+0 H.@ LO oooDOooooooooo
0 NaOH+H, | PPPTR 1 5 o
0 Nal LOG+O H.Ql GO OO kI 000000000000 \pgoooooooooooon
ooooo Mmoooo - U NaOH+H; ooooooo ooOooO0ODO0O0OoOoooo
Na H.0 0 Nal SC+H.@ LO ooomkg | 200000000000 uooboboooooooo
- NazO(S)+H: oooooo obooood
0 Na LO+H.@ GO 0o0DO0opDooOoooOoono
— Na,O(S)+H, OODWK |\ 5 oo
oooo0ooDooooo
0Do00o00O0oD0oo0oo
00D00000000D0o0o0
ooooo oooo0ooDooooo
Na OO00OH, | ONat+H,— O NaH OMmk) |00000000000 Q0O0oOmOoo0o00o
00D0O0000Do0o00oo
oooo0ooDooooo
ooooooooo
oDoo0 | Doooo 000000000000 |0000000000000
Na CH. 0 Na+CH.— [0 NaH+C DODmK | 55540 Q000000000

goooooboooo
gooooobbooobooboogobmoo
goobooobooboboboobooboobooon
gooboooboobobooboobobooboon
goboboobobobobooobobUubECT
gbooooobgobovutobobooooobobg
gmooboboooooboboboooobo
goboboobooboboobooboobooboon
goobooooboPobOoboooooon
ooooDooboobOooobooobooboooon
oooooboboooo0o0oogoooooooo
ooobooobooboboboooooboo

gooo
00000000000 0Mo0mo /Nm 000
oooooooooo*™oooooooogd
gobobooobobooobobooobooon
O00000MO/NmO0000000m o000

gboobobooboobobooooobooboon
oobooobobooobobbOoonbmo
/Nm0000000000000md /Nm*¥0 0
0000000000000 o0oo0ooo*™
gboooooobbooooooboooobo
O0mo/Nmf0000000000000000
gbooboboobooboboooooboobon
gbooboboobooboboooooboobon
gbooboboobooboboooooboobon
obooooooono

gooogn

goboooooobooobbooobboooo
goboooooobooobbooobboooo
oooooooooooboooogbomo
/Nm 00 0000000MO0/Nm00000n
gobooooboobooobbooobboann
gobooooboobooobbooobboonn

000000000NeMoOImm



T;l—ﬁ/\'*/ FLBE

[ ] [ ]
i Fa—TRY FLEA
=l el \
[ 1
ey o
KESBEXH HAIRTR N
KEDHE) VTR
fbEE ) —O TR b g - TR b \ N
T 7 T 7 q 7 T n Ir ]
i bo E oo e @& | & dlllllise
Hif HHHIREHE HHHT HHF HHHHHT
i — HHHEHERH — il — HHH —= HHHHEHHE
o [IHEE o s [
: Hi HHHEHHH
—

omoooooobooobooooog

goboooooooo

gooooo Oooo/Nmd
O O O 0omo
O O O 0mo
O O O Oomo
o 0 0o 0O 0O 0omo
o 0O 0o 0O 0o Oomo
O O o 0omo
Co. O O O 0mo
o oo ooao Mo

goobooobooboboboooboobobooon
goobooooooon

oooo

goooooboo NeODOOOODOOOoOoooooo
Joo0ooO0b0oO0O00Ob0O0O"OINC TN9400 2002
- 0550 20020

ocooooooo oobooooooobooobooooo
g"ooobooooooooooooooooooo
oo

b0 oooooouoouoooogrboINe
TN9420 2002 002, 20020

gooooooOx oooobooooboooboo
Ooo0ooooooorobobo00O00govol. ss,
No. 5, 199601

oooooom oobooooooobocooooo
ooooooooooooobooOoOormooon
000o0oro oo oo m K3y, 00rmg

oooooom ooboooooooboooooo
ooooboooboooobooorooobobonoobono
O O Vol. 41, No. 5, 199901

oooooboooboobrx boboooboooboooboon
0000000000000 000No. 100 20010

gbooooom®» boooobooooboooao
OO0000oMmooOoO0oOoDOoO0oO00OO0OrOJINC
TN9400 2003 048, 20030

O ooooo0oocobO0oO0”™ NEDOWE NETODO
0oo00boomordoarog

MO DO0booobooo0” NEDOWE NETOOODOO
00 oomOrooormoo

mooooooooo ooobooboooorooobogo
00000000 Vol 27, No. 2] 20030

00000000 0NeMOoOImm






