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Summary

Recently, hydrogen is regarded as a possible candidate for renewable energy fuel. The cost, CO, emission,
and energy efficiency of hydrogen use have been analyzed from manufacture to end user considering the
relevant supply chain containing the stages of compression, storage and dispensation.

At first, we examined the hydrogen manufacturing process by gasification of woody biomass under two
different energy supply conditions (case A: electricity and fuel are supplied from OSBL, case B: no electricity
and fuel supplied from OSBL). Whereas the cost was almost 1.8 yen / MJ in both cases, the CO» emission
rate was 0.9 g/ M1J for case B as compared to 10.3 g/ MJ for case A.

Next, selecting the fuel cell vehicle (with 70 MPa filling condition) as the end user, we investigated the
cost, emission and efficiency of different schemes for transportation over a distance of 100 km such as using
compressed gas with truck delivery, gas pipeline and liquefaction with truck delivery and compared that with
the cost of logistics and CO; emissions when using conventional electric power and fuel.

Finally, by considering the hydrogen fueled power plant as the end user in a future low carbon society, we
investigated the cost, emission and energy efficiency for using hydrogen for power generation in processes
using hydrogenation with organic hydride where dehydrogenation is coupled with tank lorry delivery or
compressed gas is delivered by truck. It was found that compressed gas transport is superior in cost, emission
and efficiency in comparison with the organic hydride transport system under this condition.
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1. XL HIZ
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KPP OEE~— 7 Wy BAERRG LIz — A Th 5,

®1-1 KHREE, BELLUICRRI—Y—DHEER

38 =& ETBeS TERBIR. IR)LF¥—
= a—H— Hik PR FI R B 37 F%2
KESE A B *1 L BRHEERER A
CSD*3| 1 a—1 a—1 *2 BEKRERBERHEFIA
FoVE . LPLxa |2 a2 a2 *3 [EHEH ATV OEE
LH%5 | 3 a-3 a-3 %4 HRINATS5A %
s MCH*6| 4 a—4 a—4 *5 RAEKREE
W csD | 1 b1 b1 *6 I\ RS REg%
R PL |2 b-2 b-2
REFRIT| b TRE b3 b3
MCH | 4 b-4 b-4
CSD | 1 A-a—-1 B-a—-1
FCVR#AH PL |2 A-a-2 B-a—2
azk g | TOVAT | e T A-a-3 B-a-3
MCH | 4 A-a—4 B-a—4
CcSD | 1 A-b-1 B-b-1
HEMARH | pe- PL |2 A-b—2 B-b-2
SRb, g |ERAET) b LH |3 A-b-3 B-b-3
MCH | 4 A-b-4 B-b—4

KREEARUBIE, Thth [R2-2 IRLF—HEEH] TEET S ARUBITHIE,

D RRBHEHAEOER L S TR LT,
2 FCV, $REFEMLEBNE (Fuel Cell Vehicle),
V= DAOHSIL, AR TE,
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21 thZan-I-gE
(1) JBHHERE (GriErEo TR
2 2-1 [TJFBI A F~ ADITEEHR % 77,

®2-1 [RETRERY

5 C H N S o T4y

E=% (F1E~R—X) 50.9 6.0 0.2 0.1 41.9

HEE (MJ/kg):  20.2 HHV 18.8 LHV

(2) JREHiRaSt: (L)
KRB NA F~ AMGE (g% © 2,000 ~>/H
(3) FHMEEER 90%
(4) A FHK TN PR ARG BR
(5) 7ut 2Dk
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PRIGEHES R
xa: -l-\ EE‘ N 7}~ ,;'r\ 7}(%
AKIETLE D |
PR SAARAS AR

150~ /B Bk
(2,000r>/B REENAFTR)
BFD

2-1 NAFIRARLKFRE IO+ X BFDY

(6) Fut 2otk
O FEPZA, Mok
50% KD EHDOKRETF v 7o AL, =N 7 g —~—PeTAEFH L TKD 12%%F
THIBRESE D,

Y HHV, @SNFEEE LY (Higher Heating Value), LHV, fEA738ZA R L% (Lower Heating Value),

9 BFD, 7 v~ 7 u—[X (Block Flow Diagram),
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EBITKFEY v F BT A2 5,
@ I AKERL, A
TARD S yEbrEL, G A ZEHET 5,
@ 7 b, PSA®Y
U7 MRS TARFE AR, PSA MEE AL T, ME 99.9%., FAH LIES 2.5MPa DHEL,
KFEHEIED T,

(7) oot
O =T =BT HONT, £ 221TRT 2 7 —RIZOWTHH LT,

®2-2 IRILF—HHEENE

Bn | mH
WA | WA
B g | &x

@ KFEBECORERHRE LHV X— AT 53%L L7,

22 MERXK - BRIk HREMAH
2.1 TRSNIZRIFTHED, WE - B2 FHR U, R B, e - o S U VDR EAL Z
F23ITE LD,

& 2-3 [RH-AREREMN

r—2RA r—2ZB
ETRLY & kg-H2/h 6,950 5,940
[R A R B s kg/ N1 A< R /kg-H2 12.0 14.0
BN kWh/kg-H2 0.9 0.0
IK m3/kg-H2 0.015 0.018
PR3 (NG) MJ/kg—H2 118 0.0
fib i - <)L kg/kg—H2 0.030 0.034

) PSA, EHZEEWLEE (Pressure Swing Adsorption),
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23 HBRE. EENEH

BESE L W - BN A b L IR O 2R E L, B35 U A b2 1ERR LT, 28U 2 LW
BT, e S BERE, B, ME, SHETH Y, BEKES HET — X =2\ T,
BREEROa A N EEEEFR M L, TR OGRS S BRERLE 24 18T, 2B, F7—AB
TlE, HOKRFEZBEE T2 EREGEDBINESNTND,

F24 IFREAKBELHREE

r—ZA r—2B
WBRE |HBEE| HHEE | HFEEE=E
T BAH k> BAH ko
[RAZ A IR 1,480 1,330 1,480 1,330
AR, Z—IL)T+—325 3,170 8,410 3,170 8,410
ARG, EHE 1,650 1,070 1,650 1,070
LIRS PSA 1,070 480 1,070 480
AF—L, BHEBIRT L 1,030 770 1,560 850
AKELREDRREE 450 200 450 200
WBRESE 8,850 12,260 9,380 12,340
R 17,700 18,760

24 KFHEEIR ML COHIEENDEH
r—AABIZOE, BiEa X b COHEHEZ RS, F2-51R LTz, B, JFEA 4~ A
ik 2, BLK (10 F/kg) &5k (3 F/kg) Difir— A OWTHEH L7z,

(1) BHMESH

g 2 FOFEIZUTOHETE O, GEINISE T[22 )

EEhE - AL « FATRIFCRAL ) DA 2 L LTz,

BEE  RIEEICEL T, MERoB BT X b, RERELZ R, FERRER015L LT
EREZFEE Uz, £72. BHEICE LT, EisE R & M55 2 Bl bR
EEH LT,

(2) REEARTOHT

CO EHHEDFHE LU T D HIETE L iz,

R FHBGECIR - bR, AR OB FHAL & xhid 2 COx P BRI S, 2T

MHEHEZ R D,

MR - BEPROME RIS I ER A EMME L LT, B, BR. FHE. #kE. a2 U—F
OEEZFH L, SHEO CO BEHFHAL D DR O T MPEH & & AR RIS U
MRS (R R 0.15 DEAIX 10 4E) 25, ERPEHEEZ R 5,

R MERE R ILME S LT, BF. a2 U —hoEEZEH L, £MEO COyHEH
JFHAL 5RO 7o e B & AR RIOE UM AFES G044 25, FRPEHE
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F2-5 HEIRME COHHE

INAAIRAT R
EZEVN %
(R \A4A <R 10 /kg) (R#E/NAF <R :3M/ke)
r—2A r—2XB r—2ZA r—2B
k/H 167 143 167 143
KEREEE /5 54,860 46,980 54,860 46,980
TJ/ 5 6,630 5,671 6,630 5,671
FRRER - 0.90 0.90 0.90 0.90
BESRE BAH 17,700 18,770 17,700 18,770
FRER - 0.15 0.15 0.15 0.15
LRELTYN=E- A 48 48 48 48
FRFHEEEM BAH 7 7 7 7
| zrax—pE | - 050 046 050 0.46
[ 3} B (i M/kg 10 10 3 3
EHE F/kWh 12 12 12 12
T3 FKE(H M/m® 50 50 50 50
b aa= il M/MJ 15 15 15 15
fi o5 B2 M /ke 500 500 500 500
MR
EENEE M/MJ 1.35 1.31 0.66 0.50
EE &R M/MJ 0.40 0.50 0.40 0.50
EEEFH H/mJ 0.05 0.06 0.05 0.06
EE &5t A/MJ 0.45 0.56 0.45 0.56
it M/MJ 18 19 1.1 1.1
CO,HHHE
R REER g/MJ 9.6 0.0 9.6 0.0
EREIR g/MJ 0.7 0.9 0.7 0.9
&it g/MJ 10.3 0.9 10.3 09
ERTFAZRRRS R AR BT R B S (UST) 5
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25 TSV RRE—ILDELE
7T NERERT A TRMORINEE S &2, FEEHMUGEEZE X A OKEREa A &
COHEHEZ 77— A BIZHOWTRD, FitdF 2-6 (TR LT,

£R26 TSUMRT—ILDEE

INAAIAHRIE
I%\#I{i:é b /H 2,000 1,000 500 100
/8 143 71 36 7
KREESE o/ 46,870 23,430 11,720 2,340
TJ/E 5,670 2,840 1,420 280
FRRERE - 0.90 0.90 0.90 0.90
R BAH 18,760 11,600 7,520 2,640
FREE - 0.15 0.15 0.15 0.15
gigEa Xk
EEE A/MJ 13 13 13 13
ElE&EE A/MJ 0.5 06 0.8 14
EE&EFTH A/MJ 0.1 0.1 0.2 0.6
EE &5t A/MJ 0.6 0.7 10 20
a5t H/MJ 1.9 2.0 2.3 33
CO,#HHE
[R5 - AEER g-C0O,/MJ 0.0 0.0 0.0 0.0
AR g-C0O,/MJ 0.9 10 14 24
&t g-C0,/MJ 09 1.0 14 24

26 £&OH

(1) BiEax b, FUEHMIRS 10 M/kg O%A. 1.8~1.9 /M, 3 M/kg DA, 1.1 FH/MI TH
0. JFEHERS DEERRKE N ER D, £lo, F—AABIZOWT, KEXRZERITA
Sy ARAYI Y

(2) COHEHENT, R - ARERTIX. 7—A AB T, T, 9.6, 0.0 gMJ, & {HiEik
T, £ 0.7, 09gMI, &5F103, 0.9gMI L7eo7,

(3) 772 A —/LOFET, FEMEGE 100 N /B OgE, fiEa 2 ME, 33 H/MI &7
V. 2,000 ~/HOEEITHAS, K 1T EI272 5T,

(4) =X —ZhKX, ¥—A AB TENZEIN 050, 046 & 727,
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3. FCV AIHERRBFHAKZROMHTIR & CO8HHE

IS F= AT 2T X HKRFDORKEFITTEEES FCV & L850 WitBfiToa 2 L& CO,
PEHEB IO R LX—1 2% WL ONOBEEFEIZOW TR L2, 3 4~ AkFERLES
T ME F—AA L LT,

3.1 KEVR L AT LIRETEH
INA F AT AMEKERIET T > b OREKFEZ . I, ik, &SRR (B 375 F
TOWEEE ., LLFD 3 77— AZOW TR LT,
=R a-1 1 KA AT
F—A a2 IKFIANA T T A ik
r—A a-3 1 RIKKFE S

3.2 B®ETER M

Wiy AT A OIS A2 3-1 10, EFIHDOKFEARAT — 3 v OFM2FE 32, [K3-1 1R
7, FCV O ERIALTH D 70MPa FIEIZxHST H72DIT, ik S 72 /K5E1E 82MPa & THIE
S, B EN D, FCV EADOFEEERL, L7 —F7—T~A T2 40CETHHA L%, T4 A
RUP—THREIND, BEKFZEOLEIL, [ALSRERTIE « IS5,

xR31 WRVATLOEBESY

MR AT LERREA R B 365
MiRE ke/ B 155,000
)5k BR Ak km 100
RAF—LaviREE kg/ B 1,800

32 RERAADKRAT—L 3 DEH

FCVERHFIEE B MPa 70
FCVERHFTIELS L /8 360
MEFTIES kg/[E 5
B etiadis| 4 /[E 3
o BE R 4/[E 5
= SiE =i 24
160
140 —&
o o //\\
% 100 /_/ \
2 / \
e / \
1R —+—1800 kg/H
& 60 / \ BE/—
ﬁ 40
ol J \
Nt \
0
0 2 4 6 8 10 12 14 16 18 20 22 24
B % (B)
31 24 BFEIEENI—2
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(1) r—Ra-1 : KEHAEHM

# 33 [CHERHRESMEAZ T, 2MPa, 25C TEA SN2 AZIE 7T o M b OKFEIL, JEME
S, S & 2 712 17.3MPa OFREE TR S 5, RTEEEH) HKE AT — 9 o F TOH

HHE (Vol.1)

LEIPES

HiL, Fa—T A T—FHNS,
% 3-3 ETERMREH OKFH R EHEsE)
g MP
EfETE RN 2 2
it E MPa 24
BTREE MPa 17.3
BrE LFE BT E B 0.5
AV IR E | ke-H2/E 92
Bk 5 MPa 17.3
Bk TIE
WEE T gannaE | keHo/E | 340

(2) r—Ra2: KEHARLT T A ik

K 34 ZEHR AR 2 R T

KFERLE T T o M IDOKFEIL, ERIEERNLF —I2T IMPa OEEE TR SINDS, /" T T4
VRENJEREE THARICIEA(TMPa) ST KR, S, SHARBRARE T, KFAT — 3 VICH

EIND,
34 FERHREH OKEHRNA TS5 V)
ez | RTEE MPa 1
B ILE P g 05
[E#E T2 EAE MPa 7
iR 7
EATX MPa g 4
5| A 4R 3
iR 5
HOE | MPa X R 3
NATS5A> 5 3A 4 2
I3 iR 100
mgmn | " [ =8 110
5| IA 4R 24
iR 1
JL—hE - X R 2
5| A 4R 87
(3) #r—R a3 : Wik KZE L
# 3-5 ICEHRERHESR A2 R T,
£ 35 ETEAMEEH (GRAEKFE S v I#E%)
. | TIURER - 1
TR T  ams - 09
BT LTS FrEE =] 3
METIIE | FOYOEEBEN | ke-H2/B 2,530
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3.3 #RENH
% 3-6~3-8 |[ZHE A RT,
(1) #r—R a-l : KEH AJEHE

& 3-6 #HR OKRHREHE#ZE)

| mm | w2 [x7—var| e
WimaA ks A/MJ
EEE 0.1 0.0 0.3 0.2 0.6
EE & & iE 0.1 0.4 05 1.0 2.0
BEEFH 0.0 0.0 05 0.9 14
=1 0.2 0.4 1.3 2.0 40
CO,HEHE g/MJ
[ - ARER 5.9 0.0 7.0 96 225
R iR 0.0 0.8 0.1 1.1 1.9
=18 5.9 0.8 7.1 10.6 244
IRILF—AR %
& - AR 4 0 9 6 19
5% i B AERF TR 0 1 0 1 2
=1 4 1 10 7 20

(2) r—R a2 : KEHANS T T A ik

£ 37 #R KRAR/NAS T4 V%)

i | T I | R —vay | e
WiRaAX M/MJ
rEE 0.0 0.1 0.0 0.3 0.4
ElE&EE 03 0.0 1.9 1.1 33
EE&FH 0.0 0.0 0.0 0.9 0.9
&&t 0.3 0.1 1.9 2.4 4.7
CO B E g/MJ
[R5 - AERER 0.0 438 0.0 15.3 20.1
R imiEiR 08 0.0 0.6 1.7 3.1
&&t 0.8 49 0.6 17.0 232
IR)LF—AR %
A% - BREER 0 3 0 9 12
B R ERFEIR 1 0 1 1 3
&5t 1 3 1 11 15
ERTHIRER R AR SRS (JST) 9
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(3) Zr—Ra3:RIKKE T v 7k

= 3-8 R (RIAKZFFRTvIEZE)

wie | mm | w2 |[x7—ar| e
WHFEaR b M/MJ
FEE 0.7 0.0 0.1 0.3 1.1
ElE & iE 0.7 0.1 0.1 2.3 3.1
BEE&FH 0.0 0.0 0.1 0.9 10
&t 14 0.1 0.3 35 5.3
CO B E g/MJ
74 - A&ER 347 0.0 23 15.1 52.1
EAEEIR 03 0.1 0.0 1.3 1.7
&&t 35.1 0.1 23 16.4 53.8
IRILF—OR %
& - AR 21 0 3 9 33
iR RERER 0 0 0 1 2
&&t 21 0 3 10 34

(4) 58

O BHMELHT

3212, B —ADa X AT,
L EERE 100km OHA, A AJEAFRDE T 4.0 F1/MI, 731 75 A kT 4.7 F1/MI, HRIKK
ETS53HMI EleoT,

6
] 5.3 n E
i ki
4.0

4 m
B XT7T—3y

3

, BiXEERE 100km

r—2Ra-1 /KFEH AT HEdE

1 r-2a-2 KFEAR
TSk

o r—2a-3 BIKKFRE#E

—Ra-1 r—2Ra-2 4r—2Ra-3

X 3-2 KEMFRIRX FEE (F/MJ)

3312, K7 —ATO COHEHED KA /R T,
7T AJEREEGIS T 24g/MI, 731 7T A LHGET 23g/MI, TRIS/KSEEGLE T S4gMT L o7,
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ER29%E 38
60
m [T
50 = TR
L peS
40
B AT—av
30
EAREHE 100km
20
—Ra-1 KFRH R[EHedhzE
10 F—2Za-2 KKEHR
TS/ 2tk
0 —2a-3 BIAKFEE
fr—RXRa-1 r—2Xa-2 fr—2Xa-3

B 3-3 KEWR COBFHELLE (g/MJ)

@ TRLF— 1 AT
[ 3-412, %7 —ADTRLE—1 RO E T, HAERERZE T 20%., 751 7T A Lk
fw%\&¢m$%$fw%&@oto

40
34 B EfE

u BT
= #k

RT3y

35

30

25
20

20

15 B EERE 100km

10 r—2a-1 KFRH X[EHas%E

-2a-2 KFRHR
IATSA 2k

—2a-3 &IAKFRE#E

(%]

r—Xa-1 r—2Xa-2 r—Xa-3

3-4 KEVMRIFILX—ORELE (%)

34 F&O

IREYTEFE CORFME, BEAME, — VX =R G, EEOMEIE S — R
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