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(1)LNGRAFEZE (LNGO/ () :57%(CCSHEL) = 49%(CCSHY)
<EHEW1>
50.8% (CCS7EL) = 43.7%(CCS#HY) (Hi#:DOE/NETL-2007/1281)
57% % (43.7/50.8) = 49.0%
<EHEHiEW2>
59%(CCS%L) = 51%(CCS#HY) (H 8t :Carbon Capture Journal, Technology Center Mongstad (TSRS H8))
57% % (51/59) = 49.3%
(2)AmRMHFE(GCC) :48%(CCSHEL) = 39%(CCSHY)
<EHIEW>
(39.5)%(CCS7EL) = 32.1%(CCS#HY) (Hi#:DOE/NETL-2007/1281( FERBHR). 31t A XD FHEERFA)
48% % (32.1/39.5) = 39.0%
(3)Aifk S1%E:39%(CCSEL) = 32%(CCSHY)
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*LINGIAV/N\AUFDCO, HFEH BRI (B EBE LY DCO,HH=) = 0.0503kg-CO,/MJ-CH,
(1.96kg-C0O,/Nm*~CH,) X (22.4Nm*-~CH,/16kg-CH,) / (54.6MJ-CH,/kg-CH,) = 0.0503kg-CO,/MJ-CH,

AR AN (IGCC) DCO, B 7%k = 0.0860kg—CO,/MJ—coal
(2.409kg-C0O,/kg—coal) / (28MJ~-coal/kg-coal) = 0.0860kg-CO2/MJ—-coal

-FHNIDCO,HEHFEE = 0.0767kg-CO,/MJI-EHCEH
(2.99kg-CO,/L-EBHCEH) / (3IIMI-/L-RERIR/H) = 0.0767kg-CO,/MI-ECEH

-LNGaAV/N\A VR DFBEZFRETEE = (1-43.7/50.8) = 0.140 = 14.0%

B KA(GCC)DFHBMEETE = (1-32.1/39.5) =0.187 = 18.7%

BHANIDFEEMHRETE =0.140 + ((0.187-0.140) /(0.0860-0.0503) X (0.0767-0.0503)) = 0.175 = 17.5%

-CCSHYDBFDHEMKADFHEEINE = 39% X (1-0.175) = 32%

Power from gas + CCS at 54% efficiency?
(H#)

Jul 222013 November 12, 18 and 20 Earpcn
gt

Rotterdam, Warsaw and London

Engineers at Technology Centre Mongstad of Norway believe that it might be possible to
generate electricity from gas with CCS at 54 per cent efficiency — compared to 59 per cent
efficiency for a gas turbine without CCS.

Technology Centre Mongstad (TCM), the world's largest CO2 capture research facility based in Norway, is
currently enabling electricity to be generated from gas, with carbon capture, at 50-51 per cent efficiency.
TCM is connected to a nearby gas electric power plant

TCM Engineers think that 52 per cent should be achieveable and 53-54 per cent possible. Bear in mind that
the record efficiency for a gas power plant without CCS is currently around 59 per cent.

If there is a 51 per cent efficiency using CCS, this means that around 16 per cent of the electrical power,
which would otherwise be available for electricity, is being used to run the capture plant ((59-51)/51= 0.156).
This is a lot of power, but still less than the 30 per cent power requirement estimates of early carbon capture
plants.

Exhibit ES-3 Net Plant Efficiency (HHV Basis) (Hi 8 : "Cost and Performance Baseline for
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r— ZZ’;‘lv;:r SNTLEN, REELTORETLI=KE X HRED KHF FAEIL80%,
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< n'fG)FJIJ iE>
O aRMERIIZESDHEEZ 2011F) TRENTLAHEEIRNMIEFTHCCSHRE D KLY
ORMERIIRESDOMEE (2011E) [TBITEHBEIRMIB T2 FDM(BARE . Eix
HIEE Z)DHEDORIZCCSHEENETENTLS, #-T. SEICCSARINELEFISET-
T—RARATA—IZHEWT, REIRMNHETHEEIL. ARMRIEIIZES TRIN-HRE
AR SIRANERIIZESTIRASN-CCSHEEZIZRLI-L T, SEEET HCCS

JRNEMET 2DELHD,
(N ARMERIIZESDOMEE (20115F) TRENTF-CCSxKE
ZEZIAN(H/kWh(e)) FRENE %) | REFRE®

BAE |EiiiE| MHE [COXKRE| BREE

LNGKNHEE 05 0.7 8.2 14 0 108 57 80

RRANHEE 13 16 39 3.1 0 9.9 48 80
08 10 18.9 30 0 23.7 39 80

RHXNRE 1.3 16 18.9 3.0 0 24.8 39 50
6.6 8.0 18.9 30 0 36.5 39 10
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(2)2ARMERIIFZEESDHEE 2011 F) DREIRMSCCSHKREFIZRLIZIGE
FE2RF(H/kWh(e)) REDE(N) | HEFHAE®)
EXE |EGEBE| BEE |COEEE| HESE &5t

INGRAZE 05 0.7 8.2 0 0 9.4 57 80
Bk NEE 13 16 39 0 0 6.8 48 80

08 10 189 0 0 207 39 80
BEANRE 13 16 189 0 0 218 39 50

6.6 8.0 189 0 0 335 39 10
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4 CCS{TELNGAHHETE
1) BRF+CCSaRMNAEHFMAKFIRIDE R

HEFMEL TFHET 5KFRIFESN TCCSEINSEACO27)—KFKET S, f>T. EACCS

[ZHESHRIEARNMIBEEMKRIRANFB/KFRCIFORN IZEHLNDEEZ D,

BEL—+ = 100 FA/USD
1MMBTU = 1,054 ™MJ
LNG
SEE = 546 MJlke
= 0.0518 MMBTU/kg
i A 4% = 160 USD/MMBTU (USD/MMBTUDE LK RH A Ei#g HCCSHY
= 0829 USD/ke LNGR A FEICHITHMFE 95 F/kWh(e)&
= 829 M/ke HBEMAKEIRF 192 FA/Nm’-H, (255 &5
= 592  F/Nm-CH, I=BE)
(NG = CH,4 = 0.714 kg/Nm>&LT)
H,
BiEE = 1419 MJu/ke
= 0.135 MMBTU/kg
LNl = 16  USD/MMBTU
= 215 USD/kg
= 215 M/kg
= 192  H/Nm-H, (Hp = 0.0893 kg/Nm*&LT)
NG D CO B E = 1 mol-CO,/mol-CH,
= 196  kg-COy/Nm’-CH,
CCSaXhk = 1 FH/ton-CO, ELT-BE
LNG CIFaX + &0 = 1.96  H/Nm°-CH,
FrAKFRaXMEM = 064 FH/Nm-H,
CCSEZEELILNG K ARED K +CCSORMNAEHMAKZIRXL
CCSaXhk 0 5 10 15 20 25  FM/ton-CO,
0.0 9.8 19.6 295 393 491  M/Nm’-CH,
0.0 3.2 6.4 9.6 12.8 16.0 M /Nm*-H,
CCSZE &% DLNGEN AT 59.2 69.0 78.8 88.7 985 108.3  F/Nm®-CH,
2 fiffi#g AH,ffi4% (F3/Nm°®-H,) 19.2 224 25.6 28.8 320 352  M/Nm*-H,
CCSORE VS LNGK AREDMRFI+CCSORMAEFMKFIXL
(CCSHLLNGK W FEBD A E = 8.2F/kWh(e) © EABZH{H/KEIXL = 16.6F/Nm-H,)
= = (CCSIZLAHEMNEETEEELZHEE (EL. CCSaRM=FODHEE)D
LNGK HFEDALLE = 9.5 /kWh(e) < BB Z{HKHZIRN = 19.2F/Nm3-H,)
45
23 4
X T
me 35
n
o<
CH 30
t_o\- ~—
S L
K rﬂ( 25
S . 20
e #
AR 515
-R ~
x# 10
o
I® 5
0
0 5 10 15 20 25
CCSaA K (FH/ton-CO,)




2)CCS{TELNGA D HEREIXL

REE 95 F/kWh(e)
BEXE 05 F/kWh(e)
EERi S E 0.7 F/kWh(e)
CCSaXk 0 5 10 15 20 25 | FH/ton-CO,
0 3.2 6.4 9.6 12.7 15.9  |M/Nm®H,
0 16 3.2 4.7 6.3 7.9  |F/kWhe)
CCSEEELI-LNG A AHREIRL 10.7 12.3 139 15.4 17.0 186  |M/kWh(e)
CCSaXk VS LNGKAFEIRK
(CCSHLING K AFKEIR L = 94 F/kWh(e))
= = (CCSIZ&AHEBEINRETIZHELARZE A G (1.3 /kWh(e) L.
CCSaARMAEADNIBEDLNGAK AFKEEIRF = 10.7H/kWh(e))
45
" 40 LNGHAEZ - 8.2F/kWh(e) = 9.5//kWh(e)
X 35 —— BMBEHAFIRL: 16.6F1/Nm® ~H,= 19.2F/Nm~H, —
nmnx
ke 2 30
%R E 25
R I
X E 20
O ~—
= 15
10
5
0
0 5 10 15 20 25
CCSa XN (FH/ton-C0O,)

3)CCSHTELNGA AREDFE LD

-CCSELI-BE . REBINEMNIIRSTUH DA% IR T L. FDHLNGEREE (£8.2F/kKWh(e)h 5
9.5 /kWh(e)IZ18 % %,

- LNGAFI & 139.5M /kWh(e) L A B 2l DKk EIRME19.2M/Nm*-H, TH %,

-CCSIZ&DARMEFIEFH/ton-CO,247-Y . LNGHE T1.96//Nm*~CH,. KEBRET
0.64M/Nm*-H, Téh 5,

B AKZ (LB TCCSENDEM D, CCSIZEATRNERITEARBEIZERFETESHET S,

*CCSaARRNS5FM/ton-CO,MDIHE . LNGK AFKEIANK1.6M/kWh(e) EF L. 12.3F/kWh(e)
L1iB, ZDIHE . BB Z M A KECIFORMNE3.2M/Nm’-H, £ FL22.4M/Nm*-H,&%55,

*CCSaRMM1AM/ton-CO2MIFE . LNGX AEREIAAME13.9F/kWh(e), B2 HMEMAKE
CIFaXNE25.6/Nm3-H2&%: 5,

<FEFEH>
-#K¥ + CCSaARMMIBEFHMA/KFEIRME, CCSARMS5FH/ton-CO,NIZBET

22.4M/Nm®-H,. 175 M /ton-CO,DHB & T25.6/Nm’-H,&7% 5
KRR B EEIICIF25A/Nm*-H,LL FTE BT RENHHD TITHLD,




5 CCSHHERRANARE
1) ¥ +CCSaRMNAEHFMAKFZIRIDE R
HEFMEL TFHET 5KFRILESN TCCSEINBEACO27)—KFKRET S, f>T. EACCS
[ZHESERBEARMIBREFMKFIARNEFB/KEKRCIFARN [CEDOLNDEEZ D,

AixDiELE = Z—HER
BEL—+ = 100 F/USD
FHERAAR
= = 6,700 kcal/kg
= 28 MJ/ke A
i A % = 80 USD/ton 214.4 USD/ton
= 8.0 FH/ton 21.44 FH/ton
= 1.19 M/Mcal take 3.2 M/Mcal ;ﬁF}J/McaI;JJSEIiﬂﬁfgéﬂﬁ
- ‘COSHYRRKNHEE
= 0285 HA/MJ 0.76 m/MJ o1 g 48
/kWh(e) B2 F KRR
k9.7 /Nm*-H, I B k3512
H, BE)
BiiEE = 1419 MJ/ke
A4 = 0285 FA/M 0.76 FAE/MJ
= 405 HF/ke 109  HM/ke
= 3.6 F/Nm*-H, 9.7 F/Nm*-H,
PRIERFDCO = = 2409 keg-COz/kg—coal
HE: B EHEEOBETHIHIBENRAROHEENEEICHT AT (REFEEE - BEL) (CEDEER
https://www.env.go.jp/council/16pol-ear/y164-04/mat04 pdf
CCSaXh+ 1 FH/ton-CO, ELI=BE
Ak (—fi%5R) CIFAR &M 2.409 FM/ton-coal
SFAKFIRNMEM 1.09  M/Nm’-H, (2409 / 9514 X 43 = 1.09)

CCSEBBLI-ABRANNEZEDHRF+CCSOAR M AAEEMAKRIXE

CCSaxk 0 5 10 15 20 25  FM/ton-CO,
0.0 12.0 24.1 36.1 48.2 60.2  FM/ton—coal
0.0 5.4 10.9 16.3 21.8 27.2  FE/Nm*-H,
CCSZEE % DA ki A ffig 21.4 335 455 57.6 69.6 817  FM/ton—coal
Z fiEm AH, 48 (F3/Nm°®-H,) 9.7 15.1 20.6 26.0 315 36.9  F/Nm’-H,
CCSORXI VS AR K AFEBDMF+CCSOARMEEEMAKFTIRE
(CCSIELA R K NFEDWAKIE = 3.9M/kWh(e) < BEZMAKRIRL = 7.9F/Nmé-H,)
= = (CCSIZKDEBMRETEEELBS (HL. CCSaARL = EODIFE) D
ARKAFEEDREE = 4.8 F/kWh(e) & BABZM/KEIRL = 9.7 F/Nm3-H,)
p N 45
X 7
ne 40
(7]
SE 35
¥ B
XL 30
K
Smn 25
B Hk
WX 2
RHE
X # 15
I O
g 10
5
0
0 5 10 15 20 25
CCSaR(FHM/ton-CO,)




2)CCSftemAmRKADHEEIRL

MEE 48 F/kWh(e)
EXE 1.3 M /kWhe)
BiifiSE 16 F/kWh(e)
CCSaRk 0 5 10 15 20 25 | FM/ton-CO,
0 12.0 241 36.1 48.2 60.2 |FM/ton—coal
0 5.4 10.9 16.3 21.8 27.2  |H/Nm’-H,
0 2.7 54 8.1 10.8 135  |F/kWh(e)
ARXAREIRL 7.7 10.4 13.1 15.8 185 212 |M/kWhe)
CCSOAk VS ARXKAFEEIXR
(CCSHLARANAREIRL = 6.8 F/kWh(e))
= = (CCSIZKDHEEMZEE T ICEELVARE HMEM (0.9F /kWh(e)) L.
CCSOARMEADNIGEADNARXKAFKEIRL = 7.7M/kWh(e))
45
40 AREAEE . 3.9M/kWh(e) = 4.8M/kWh(e)
_PIZ 35 B E(HKEIRR: 7.9/ Nm® —H,= 9.7 /Nm3-H,
3
PEH’E\E 30
ﬁ% 25
~N
XHE 20
R~
la§ 15
10
5
0
0 5 10 15 20 25
CCSaAAK(FH/ton-CO,)

B)CCSHIZERRMNANEEDELD

‘CCSHELT-15E . REMENR RSN S39%IET L. ZD 5 — AR KK E (£3.9H/kWh(e)h 5
4.8 /kWh(e)IZ18 % 5,

- — AR R IR E 4.8 /kWh(e) BV B Z D /K FI R L. 7M/Nm’-H, TH 5,

-CCSIZ& DR ERIEFH/ton-CO, K1Y, — ik 2 E T2.4F M /ton—coal, KFREET
1.09A/Nm*-H, T#H 5,

B AKE (LB TCCSENDEN D, CCSIZEAARMLERITHABRKBEIZLTFLETEEHET S,

-CCSORMH5F M /ton-CO,MDIHFE . Ak K AFEEIRME2.7M/kWh(e) L F L. 10.4F/kWh(e)
LY BB EHE A KRCIFORRE15.1M/Nm®-H,& %5,

*CCSORM 1B /ton-CO2MIGE . AR X AFKEIRME13.1MH/kWh(e), = FMEmA KR
CIFaXMZ20.6/Nm3-H2,%:5,

<FED>
-#R¥ +CCSaRMMIBEEHMA/KFRIRMME, CCSOARMSFH/ton-CO,DIHET

15.1/Nm°~H,. 175 M /ton-CO,M 15 & T20.6M/Nm°-H,&75 5,
KRB EEILCIF20M/Nm*-H,UL TE BIETHEMNH DD TIELELIA,




6 CCSIHERMANANRE
1)CCSaAI VS BRANAFREBEDHF +CCSOARMNAEEMAKFTIAXCDEIE
HEFMEL TFHET 5KFRILESN TCCSEINBEACO27)—KFKRET S, f>T. EACCS
[ZHESERBEARMIBREFMKFIARNEFB/KEKRCIFARN [CEDOLNDEEZ D,

BiBDIELE = [®#
ABEL—k = 100 F/USD
5
s = 9,250 keal/L
= 39 MJ/L Eo=:]
A A& = 842 USD/bbl 226  USD/bbl
= 0529 USD/L 142 USD/L
= 52.9 M/L take 142 M/L (/LD {E TR FREA @
= 137 FA/MJ 367 FA/MJ MNCCSHYBMKNEEIZE
1+58%1E 230 F/kWh(e)&
BEHMAKFIRN 465 [
/Nm’~H, |27 % £5IZ5% E)
H,
SREE = 1419 MJ/ke
A4S = 1368 FA/MJ 367 FA/MJ
= 194 M/kg 521 M/kg
= 173  F/Nm*H, 46.5  FE/Nm’-H,
PREERFDCO,HFHH E = 299 ke-COyL-BHCEM
FRISEERBREIRILY—HMETOWRETRAE
http://www.yasuienv.net/ CREST/Ica—thinking/useful/gentanni_co2 fuelhtm
CCSaXk 1 FH/ton-CO, ELT-15E
[RHCIFa X MEN 299 FA/K-BACEH
FrRKRIXMEM 0.98  M/Nm’-H, (2.99 / 42.76 X 1400 = 0.98)

CCSEEZBELI-BHANAREDHRF+CCSaARMAEEMAKFIRE

CCSaxk 0 5 10 15 20 25  FM/ton-CO,
0.0 15.0 29.9 449 59.8 748  FRAL-ENCEM
0.0 49 9.8 14.7 19.6 245  FE/Nm’-H,
CCSZEE & D [RihEa A i+ 1420 1570 1719 1869 2018 216.8 FRA/K-BHCEH
Z (i A H, 4% (F/Nm°-H,) 465 51.4 56.3 61.2 66.1 710 FA/Nm*H,
CCSORk VS Bl NHEDMRF+CCSOARMEAEEMKFRIXL
(CCSLELAH N NFED ML E = 18.9F1/kWh(e) & BEZMAKFI R = 38.2M/Nms-H,)
= = ( CCSIZkAMEETEBRELIBEES (BL. CCSaRM=FODIFE)D
AMAKNFEEDKEE = 230 /kWh(e) & BBZEMiKRIRF = 46.5//Nm3-H,)
80
A~
-é g 70
|
m e
n 60
A =
Qg
:_\(: < 50
£ 40
S
BB H
] _Eé 30
-R ~
H1
mm 10
0
0 5 10 15 20 25
CCSaA K (FHM/ton-CO,)




2)CCSfIEAMARNDHEEIRL

MHE 23.0 M /kWh(e)
BEXE 0.8 F/kWh(e)
BRI E 1.0 M /kWh(e)
CCSaRb 0 5 10 15 20 25 | FM/ton-CO,
0 15.0 299 449 59.8 748 |FRAA-BACEH
0 49 938 14.7 19.6 245  |Mm/Nm’-H,
0 24 438 7.3 9.7 121 |M/kWh(e)
BRAAFEEIRE 24.8 27.2 29.6 32.1 345 36.9 |F/kWh(e)
CCSa Rk VS Bl AFEIRF
(CCSHLA MmN AFEEBIRL = 207 H/kWh(e) @E% 15 F] FA 2£80%)
= = (CCSIZKAFHENHRIE T (CEELVEARR E HEI (4.1 /kWh(e)) L.
CCSaRMAEONIGEDHMAAFKEIA = 248M/kWh(e))
45
40
L 35
X
I:li’ % 30
gﬁ\é 25
R < 20
X T
#H— 15 § —
I:ﬁ RIBFIRE =80%
10
[l . 18.9F/kWh(e) = 23.0/kWh(e)
o HMBEFKFEIRN: 382/ Nm® —H,= 46,5 /Nm?~H, —
0
0 5 10 15 20 25
CCSaRKF(FH/ton-CO,)

3)CCSHETRHNARENF LD

‘CCSELI-BE . REENIRIRINMNDI2%IZIET L. D50 FEMAREE(L18.9F/kWh(e)h s
23.0M/kWh(e)IZ1EZ %,

- BB AR 230 /kWh(e) LA B Z D /K R R M E46. 5 /Nm’-H, TH 5.

*CCSIZ& DR LR FFF/ton-CO,H1-YEBHCEMBRET299FA/KL-EHCEH. kFTE
T0.98M/Nm*-H, Téh 5,

-EIAKE (LB TCCSENSEN D, CCSIZEAARMLERITHABRKBEIZLTFLETEEHET S,

-CCSORIMS5FM/ton-CO,MDIHE . BHMKAFEEIRNMNE2.4F/kWh(e) EF L. 27.2M/kWh(e)
(RERBERUDIER) &Y., | BB %M AKKZCIFIRME51.4M/Nm’-H,&%5

-CCSOXRM1AM/ton-CO,MIHFE . AR K AFKEIRNMNE29.6M/kWh(e) FRIEIRBIZE0%DIHFE)

BB Z (M AKFECIFORRE56.3[/Nm’-H,&%5,

<FEFEDH>
K%+ CCSaRMIBEFHMA/KFEIRMK, CCSARM5FH/ton-CO,NDIHET

51.4F/Nm°-H,. 175 /ton-CO,N % & T56.3[/Nm’-H,&75 5,
B AJKZECIFAR R AY40~ 50 /Nm’~H 2B N IEEH K A RENKBERARBICRBShD
AEEEIE T2 IcHhHBEBHNS

10




7 RAREIZHITHKZEDFHE : &6
CCSORMERBEIARMDREER. RUCCSHREaRMNAEEHMODKFIRLDER

<INGKAHE>

CCSaRL (FH/ton-CO0,) 0 5 10 19 20 25
CCSaAR  (F/kWh(e)) 0 1.6 3.2 47 6.3 79
PREIIZR  (FA/kWhe)) 9.5
EAE  (HA/KWh(e) 05
BELHEEE  (A/kWhie) 0.7
A5t (EFEIRL)  (A/kWhe)) 10.7 12.3 13.9 154 17.0 18.6
CCS+ IR NEREZMMDKEIRF (F/Nm’-H,) 19.2 224 25.6 28.8 32.0 35.2

<BRKNEE>

CCSaAL (FM/ten-C0,) 0 5 10 15 20 25

CCSaAL  (F/kWhle)) 0 2.7 54 8.1 10.8 13.5
PRELZE  (F/kWhie)) 48
BEARE  (A/KkWhie) 1.3
BELHEEE  (H/kWhie) 1.6

BH (FEEIZL)  (FA/kWh(e)) 7.7 104 | 13.1 15.8 185 | 212
CCSHRREIRFEREZEMNDAKEZEIAF (A/Nm™-H) | 97 15.1 20.6 260 [ 315 36.9

<EBEHAKAREED> (GiEFAE=80%

CCSaRk (FA/ton-CO,)| 0 5 10 15 20 25

CCSaARk  (H/kWh(e)) 0 2.4 4.8 1.3 9.7 12.1
PRFIORAR  (F/kWh(e)) 23.0
EAE  (FA/KWh(e) 0.8
BELHEEE  (A/kWhe) 1.0

(H/kWh(e)) 24.8 21.2 29.6 32.1 34.5 36.9

(F/Nm®-H,) 46.5 51.4 96.3 61.2 66.1 71.0

LLTF.IAED RfZ
BEEMAKRIANMFZERENIE, KAREDOHTHANATOEMRENREAIREELATLY,
HHMAAIE—VERTHY ., EFERRXSNTULVEWLIEMD, BRAAIZEAKEZEL
FRENSGE. B R CRULETBNREMTHLIAFILUVOANFTH U TRHEWNESLSIM?
BL. AFNLoAAFTHUNLDKFBZFIRT 0121 REARSTHAHIRKZD-OHIZ,
BRMANAREBFORFERSTRAEDER (350 CREELYS L) ABELES,
"BRNAFEMHASL-YDCOHHEN D K AREIZLERTZ LD T, CCSORMEE®D
FEMNKEN, Ko T, COHHRFMBIEEINDIGE . KFEFEDHENKELS,
HZARBRF DING K WA DBREEICIKFELF AT BHIZ(E, HBKRARADEHELT—HIZ208E
BE LENARE(ICILS,
BRIKKFZDEEIITIEBTHRIELERBEICEEEINSDD, AFILOIONTH U DFHKEDSE
[ZI&. PSATORBEUINELGRLTE. AV T LYy —TOKEERHBNVEELLD,

11




BRRKARBKERBICEITHHBKFIRNEECEDENEEE) 2015.03

IAE
- UTIE2030F &R ELI-REATH S,
- ARMERIAREROMEE (20115F) ITHBITEHEBEIRNMICCSHERENETEN TS, [>T, SH
CCSORMEEEFIE 7 —RRATA—IZE LT, FEIXMHETSH5E. ARMRIIZEE | TRSNL
F-REIRM LIRS R ZEE S TIRASh-COSHEEFIZRL- LT, SEIEETHCCSIRE
#=MEL-,
1 RBEIAXFOAR. RTREEBESEFMAKFIXE
DAERKAFEEIXE
(1) aARFERIEZER HMEE(20114)
OB E 3.9 M/kWh(e)
QEARE 1.3 FH/kWh(e)
QE it i 1.6 M/kWh(e) [ HFT:ORFERIEEES (20114)
@COo, ®KE 3.1 FM/kWh(e)
&5t 9.9 F/kWh(e)
PREE LR B EMKFIRE 7.9 M/Nm-H, IAEDEE
(2) IAEDETE
O & 4.8 M/kWh(e)  #hEETEERE (CCSHL:48% = CCSHY :39%)
QEARE 1.3 M/kWh(e) E£E1)D(1)DQZEEH
QE it i 1.6 M/kWh(e) ER1D(1)DOEHRHA
@it (CoOMEBEEY) 7.7 H/kWh(e)
R E LB EEMKFIXRL 9.7 F/Nm°-H,
2)LNGK HHEEIRE
(1) JRMERIFRES RMEE(20115F)
OB E 8.2 M/kWh(e)
QEAXE 0.5 M/kWh(e)
QEERHEIFE 0.7 A/kWh(e) + BT IRFERITIZES (20114)
@COo, xR E 1.4 M /kWh(e)
&5t 10.8 F/kWh(e)
A E LB EEMAKFEIXRL 16.6 M/Nm°-H, IAEDEE
"(2) IAEDEtE
OB E 9.5 H/kWh(e) 3hEIETEERE (CCSHL:57% = CCSHY :49%)
QEXRE 0.5 M/kWh(e) E3E2)D(1)DQ%EIEH
QFEEniftiFE 0.7 M/kWh(e) EE2)D(1)DR%HRHA
@it (COXEBEEY) 10.7 FH/kWh(e)
A B LR B EMiARIR 19.2 F/Nm°®-H,
2 EEBEDEVEEELEBESOHRKEIXL IAESEIZLD
1) BB &M
DIV IFEEOCKEREDETE (RHFE) SEGHIFBIXFHDZ . AT LELTHEBLTLS
LNGK IHEBEDRHEELRLET D,
QBRRBKRREICBITPHBEREIRMNE. ARANAFREIRNT S,
QERRBKFRREICEITIHEKFIA NI, BXEDQEDDELT S,
2) FRKFaRE
(NFEAERKARBOKENHFKE: CCSHY
O & 6.5 A/kWh(e) AEBEO®@®-2-Q
QEAXE 0.5 M/kWh(e) 1, 2)(2) D@%1EA
QEERHEFE 0.7 M/kWh(e) 1, 2)(2) DR%1EA
@it 1.7 A/kWh(e) 1, 1)(2) D@%EH
OFBKFIARL 13.2 F1/Nm°-H, = 6.5M/kWh(e) *3.55kWh(t)/Nm®#0.57TkWh(e)/kWh(t)
CCSaXb @B#EZHMAKFIRF
®ccsaxk Dk=]E =(Moe+@
(FHM/ton-CO0,) (F3/Nm®-H,) (F/Nm>-H,)
5 5.4 18.6
10 10.9 241 ARKAFREFRIZHITEHERLEC02T1)—K
15 16.3 295 FEDHFAAARE, CO2##FI1>CCSaARMIE LD
20 21.8 35.0 B, 20~25[/Nm’-H, FB2ETIZELNEDSH,
25 27.2 40.4

12



CO27Y)—KEFFz—UERIZAITE=TIaVTIU0MER

IKFE R ITF)F (BBERET)

1 IRILF—EREE
(*FrR264%F4R)

2 KF-RHEMBKO—FTyT
(Fr2646R)

IAE

28 F2fi 2. ZRIRLF—IBEDEYA (3)"KFEHE"OEH
RO ZRIFIILF—TIE, BR., BUTMA KFEAPDHIEEZESCEATFIND,
- SRR RAFEOCEIAMEZHEL . REAREEOSOEMNGHRITREL T 0, BEMISHE LA II0EHFEED TN
$3F E8H1 3. KFRUI"ORBICAITEMOIE (3)KROAEHZFFERICAITIKFEREFOHGRIMOER
KRFEET, BHO—HEKRTREBEIHERESISOVTIERFDHRAI—ELTL—ERETHNIEEMBIERATEDRRIZHY ., SoI2, MHEKRIETTHIZERFXEZEEK
ERILT D=ODEMFARNEDLNTIND, TOLIKBRDOFARMICOVNT, HiliFAFRZ SO THREBMNGEREZS N OEEICED T
E3E FE8H 3. “KRUAKR"OERRICAIT-EMEOME (5)“KBEHKR"ORBRICAITF-O—FTvTDEE
KFHEDERICAITF-O—FIVTE AFEZENCEEL ZOETEEIEFENOLIBBSZRHYICT L LIF EWRREREBLLGAL, BEICIMHEZED D,

KFEHEZRBFEDER

1. %‘I*)l{:’@— = iﬁﬁ*ﬂr%‘éﬂﬂ@gﬁi i
2. IR F—tFXFa)Ta = HAEFEHOSKEME., HMBEFEMIRIQEBENBENNSORMATE, ERNBEREEREKRIZLLSIBHRERL, \
3. IRIFE KR = FIFERETCOZHHLEL, KREDHERIZCCS(ZRIERFRIN-FTFEBM HAEHLE. RIIBERGEIRIILT—HREKZEZFTHTHILET,
E%ﬁﬁﬁ{&iﬁs E(:(ioozju_':otﬂ:(f%)o
4. FEEYREL-hig M = EI2|K0)iﬁﬁ*ﬂr%‘éiﬂﬁﬁd)##E#Hjlﬁaﬁ#%uﬂﬁﬁ—{ﬁ'& ZHIUTELRTSELLEE, BNEEZSIZELTULSEE, BANRUWLEE HWEE O F, F1-.
KFEEF(OVWTE, BAFREIRIILT—EDHIBEREERATRE,
201548 20204 203048 2040FE
<7z—X1> GER) AT RE. BT HBURTLA
KEFI A ORIERIER (R EHDHE~NDARIEHEE)
<7x—R2>
KBRREOBRIBEA KRB KFEIE AT LOREL V(BERXRFERAKRZHEDARIEE ARR) V (RESZ=E=AKFEREOXRIEEARIR)
VY (M7 Uy ED BB ERFE LT O KR MEDER)
v GEND B D KRS (TS5 B EME) 30 /Nm EEH)
V (FEAN-ATOMMEMZKFEDE RN FLEMAILR)
V GBS COXRFIFATHHEKFEDEE, &gk - BrEDOAREL)
<Jx—X3> v
F—BRIILTHDCO27)—IKEWMIBS AT LDFEL (CO27!)—KZ=DHE ., &k - IrB DO ARIKIE)

3 REBEXAKRREAREAIZESLFI)A

1) REEXRKZRERREA

(1) AIRILE—
(2) TRILX—EFaUT+

(3) RIEAFMER
(4) EFRRE-HhigEN
(5) fZFMH

(BT AEER)

NEZHE(AEDEZ)

= RESNSIARICHEARTKRREEOANREIFLI—DELSNEITIIEL BEAOEELNHS,

= KF-BREEHEBRO—FTyTIZREINTWSIER (BLERHOEREB M. hEEMIE RV NS DRMATE) (CHA . EHOKFEFTYIT (RIEKF -BENALSALE) ICLHHBVRATLOD
ZHMUELHERTEDIEND, IRILXF—EF ) T/DR LIZERLES.
F  BREORMAIRILT—(TEREOIMENLLEHEZTHIEEZDN, BEIRILF—HEOH L, VOLVTEIRILF—EF21)TFsDRALICEBLES.

KEF-BREEMERO—FTyTIZRREINTLSEY,

FHHLEZERNTOKEORBE - BIRRIL. RIEKER. F) RV TSAF— DL -ERILEHFRICERITERT HIEICEY ., Fi-HEEIRE - g ;FEHICBEMLE S,

CCSEZEELI-FRDIEBARAREIRAMKYB KRN ARBEIRNDANETNIE,. EADEENH D,

HANE, SFEHEKBTRICEDIKEANHEE (FEEHDNTER) ICEVERETORHENAR LTEIEICEY, BEIREAEBKICHESEFATOREEODEL (WX, BIROXDBRERBTEIREEN

BETL.aRMNZYTIZHB) ERETENIE. EADEZINH 5,
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2 ZEFIA

KEARPICKEFASNEDIT . EFFEFAEL TEAHBMBNLLEMS UV EURFTHPUKER B THE LB DS,

1)FCV/ KFRART—3v

(1) KFRERE

#1 IS014687-2

FCOVFIKSRIAEHIUE 02558

l

ISO14687-2 | ISO/TS14687-2 | 1S014687
2012457 20084F 19994
&
o GradeD |  GradeD “T:R m
HlAE 99.97 % 99.99% 98%
’ 2 ppm 2 ppm 100 ppm
K
H:0 5ppm 5 ppm AT
(0] _5 ppm 5 ppm 1.900
—_He | 300ppm |  100ppm
_Ar N> 100ppm |  100ppm | rem
CO: 2ppm _2ppm | —
CO 02ppm | 0.2 ppm 1 ppm
S | 0004ppm | 0004 ppm 2ppm
HCHO 001ppm | 0.01 ppm
HCOOH 0.2 ppm 02ppm | -
__NHs 0.1 ppm _0.1ppm -
AL = [ :
i 0.05 ppm 0.05 ppm
w7 | 1 mghkg 1pgl
|

(10pmELTF) |

RE LA A kRS ERE 1S014687-2]

B T WER (&

_7k+¥ 5ppm Sppm
E‘ﬂ’.)‘f(i 2ppm a 2ppm

o] 5ppm Sppm

f;r. Nz 1_()()npr 100ppm
T(; | 2ppm a 2ppm -

co o ] D‘2p;; F?p;am

S 0.004ppm 0.004ppm

NHs 0.1ppm 0.1ppm
T{’ 300ppm
E—i(’) 0.01ppm
EOOH 0.2ppm HiR
TAnait 0.05ppm

BT 1mg/kg B

LR EREE. MHE
it B EhE KRR RR IR
SEFIZEILDEIF., KFL
R ILF—L AT LVol. 37,
No.1 (2012)

45 % H T : HYDRHYTHN 2015
vol.5

KFEHEIXK
(CIF)
(F9/Nm*-H,)

<CIF>
<ER>

HAT ERFRAEERRICH

IFt=KFF—r DRI

HEMEARET, JIGET IUTF
= fth

llwww.jser.grjp/journal/journ

al_pdf/2014/journal201403_

4.pdf

B 10.4
FE. e 14
Lizld 2.3
ER 7.6
ZFR-K-ZDh 1.8
CO,Br 88 2.1
RFE 3.2
FIHE 0.8
INEHCIFR—X) 29.7 24 18
eI LG 3.3
Bk (O—1)—) 2.0
KEXT—3Y [[<35MPa> <70MPa>
245

INET| 298

=X 59.5

d—HRH
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2105.3
CO27V—KFFz—VEBICAT=T7IavT5oMES
E=E R (P i)
IAE
HE1

<HAKER (@BREAXDORIELKEFI—)>
Bt :2.3 F/Nm3-H2 (NEDO KRIRLF—BHE AFREIF— BHHESES IFETD)
= 2.3/(3kWh/Nm3-H2)/ 0.57
(312 057 ARMERITZEERWEZQ011 F)ZH1T5 NG KAFEBEDOIRILEX—NE 57%% % H)
= 1.35 F/kWh
T DG

AR = BA(BARZA)KFRE 530 Nm3

BB = 15 AUD/ton-#8 %

- AEL—(HE)= 80 F/AUD

<LNG f£ (@LNG KAHRE)> (F—42:aAMERIZERMES011 §))

LNG K AFKEIRXL =10.7 H/kWh

LNG B A&RS CIF {fi#& = 0.011USD/MJ = 1.1 F/MJ (100 F1/USD)
HEE =57% @2030

= 1/0.57X(3.6MJ/kWh)X 1.1 F1/MJ
=6.95 M/kWh
5%
-0.011USD/MJ = 11.6USD/MMBTU (1MJ = 947.817BTU)

<BRL (@BRXAFESE)> (F—2aRMERIZESMEEZ2011 F))

BRANAFEEIZXL =95 A/kWh

—fi% ik B A&RS CIF {fi# = 0.004USD/MJ = 0.4 F1/MJ (100 F3/USD)

FENE = 48% @2030

= 1/0.48X(3.6MJ/kWh)X 0.4 F1/MJ
=3.00 M/kWh
5%
+0.004USD/MJ = 112USD/ton (REABERDFEME = 28MJ/ke)



HE2

1 BRFI—Y
<BRFI—2H5—A>
AR CO2(FZ M TRIELTHLL, TN LI E TAREENBAREM TITI,
-BARDKEREE= 1k kWh/EFE X 0.1 =1,000 & kWh/£
- IKRFEENE= 60%
KHFEEE=1,000/0.6/3(kWh/Nm3) = 556 {& Nm3/4E =5 BV /FE
BRFEE- K95 BAMN/FE
-8R BB AEHE= 95 BA /4 X 10AUD/b X 80 F3/AUD = 76,000 BF /4
‘CO28FHE=98 BRI /&
-CCSEM=1,700 A7k CO2 X 98 B ALY/ &=167,000 BHM/FE
*CO27Y—KHKEERHEE(#BREA+CCS)= 243,000 BEAMA/&F
(76,000 EFFA/5F + 167,000 BAM/E)
<LNG—R>
‘LNGE (B EF(MIRE)= 1,260 Hh2/F
-LNG B AfMi&= 1,260 5 ~> /£ X 53,000 [ /ton-CIF (2007~2009 1 by EDMC BEE)
= 668,000 B HM/&
-LNG #E#F L 3= 15%& LT
-LNG BEAEE R H%8= 668,000 & H M/ X 0.85 = 568,000 B /A M/
-CO2#FHE= 1260 Hh2/HFE X 27> CO2 /b2 =34 BHLY CO2/FE(5%E)

<EEHRHBIERmLEE>
-E = H 3= 243,000 / 568,000 = 0.43
= EEREEH 60%H|FTES,



2 NAO=ZTRINBERKEFI—
<NAI=FRAFI—27—R>
AR THZE AL (BiE0A#EEL) . ETAAREEN B KREM TIT,
KHFEEE=1,000/0.6/3(kWh/Nm3) = 556 {& Nm3/4 =500 Ht>/FE
- K EfRZNZE= 4.4kWh/Nm3
KEREVEENE= £92450 {8 kWh/HF
- B\ 11 F B R m FI A EE= 50%
-WERNFEERFEEE= 4,900 {8 kWh/F
AERESGAT: FaIdvRNES A0 IL RN
-FTE L iEFE= 7,500 Km2
-FERDfEH = 7,500 km2 X 4.4 BHM/km2 (Fis®) /20 &F=1,650 BAHM/&F
- T i EE A B ffi= 550 US$/ha (BAEEHE by 2001 £F 10 AD P hALKR—RK)
=550 US$/ha X 100 ha/km2 X 80 F/USD = 4.4 B M/km2
ER DS = THhEAE /20 FLT5
‘RAREKEFHFRKZEESRLE(EhHOAERE)= 1,650 BAM/F

<LNGH7—ZR>
‘LNGE (BREFE(MIBRE)= 1,260 F~2/5F
-LNG B Affitk= 1,260 > /4 X 53,000 F/ton—-CIF = 668,000 &AM/
LNG #£28 L 3= 15%
-LNG BEAEE i H%8= 668,000 &5 M/ X 0.85 = 568,000 B /A M/

<EEHRHERLEE>
-EE # 2= 1,650 / 568,000 = 0.003
=> EEREKIFIFEAEEOLLS,
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1. Backgrounds of Establishing the Concept Study Group

(Hydrogen-related trends around June 2010)

Government’s Trend
1 The Basic Energy Plan (decided in 2010)
1) Targets (@2030)

(1) Self-sufficiency ratio 40 %
(2) Independent energy ratio :70 %
:70 %

(3) Zero-emission power ratio

2)Realization of H, Society
(1) Vision goals = Now:Fossil H,, By-product H,
Future: Fossil with CCS H,

Ultimately : Non-fossil H,
(2) Concrete Efforts = Public-Private partnerships

Associations’ Trend

1 HySUT (The Research Association of Hydrogen
Supply/Utilization Technology) est. in July 2009
*H, Highway PJ (under market demonstration)
H, Town PJ (under market demonstration)

2 FCCJ (Fuel Cell Commercialization Promotion
Council)
-Commercialization Scenario for FCEV & H, ST

(announced in March 2010) :
1000 H, STs & 2 million FCEVs at 2025

2 CO,reduction :A25% @2020 (from 1990 levels)
: A80% @2050 ( ditto )

Private Firms’ Trend: Very active
-KHI:Liquefied H, based global supply chains
*Chiyoda:MCH based global supply chains

IAE had some questions like
(D What concrete contributions CO,-free H, make?

(2 What possible chains can be considered?

IAE Hydrogen Group’s Awareness of the Issues:
In spite of these H,-related trends and private firms’ activities with their technological progress,

(3@ What large demands for applications other than FCEVs are expected?
IAE felt “Now is the time to discuss and foster common understanding of the above issues”.

-
IAE organized the Concept Study Group and held #1 meeting in the morning of March 11, 2011.

LAE The Institute of Applied Energy
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KHI's global hydrogen supply chains
based on liquefied hydrogen

Australia

Low-cost hydrogen production
rown coal)

from unused resources (b
‘Illlllllllllll

Brown coal

Gasification %u Fl9uclied

4

N T hydrogen
“;\_}, > trucks
Liquefied 4=

hydrogen carriers

Japan

Use in processes
semiconductor
and solar cell production,
oil refining and desulfurization, etc..

Power plants
combined cycle power
plants, etc..

Liquefied

Energy equipment

™ hydrogen gas engines,
gas turbines, boilers,
fuel cells, etc..

- o Y [Ax A

: hydrogen ;
", storage =
s g Liquefied
High-efficiency CCS " . hydrogen Transportation equipment
tanks o= o hydrogen station,
% % cars, etc..

carbon dioxide
capture and storage

Renewable
energy

Hydrogen transport
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Chiyoda’s global hydrogen supply chain
based on methylcyclohexane/toluene

L j
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L]
L}
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: A
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- o"ENER . mEEw,
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2. Organization of the Study Group

@'I(Ministry of Economy, Trade and \ - = =
Industries ) Chairperson Prof. Dr. Kenji Yamaji |

Agency for Natural Resources and Energy A director general of Research
- General Policy Department Institute of Innovative Technology for

- Hydrogen and Fuel Cell Promotion Office the Earth (RITE),

-Fuel Policy Planning Office General chairperson of
-Coal Division Grand Renewable Energy 2014

Industrial Science and Technology International Conference
-R&D Division
NEDO(New Energy and Industrial (Note: Each member attends

Technology Development Organization) . .
Quel Cell and Hydrogen Technology Group not representatively but privately)

[ METI (1 = 5)}”NEDO (1) IAE (6 = 7)
(Observers) (Secretariats)

[ Institutes (4) | | Industries (9) | | Academia (3= 4) |

Prof. Dr. Ken-ichiro Ota
Yokohama National University
Prof. Dr. Ken Okazaki
Tokyo Institute of Technology
Prof. Dr. Kazunari Sasaki
Kyushu University
-Prof. Dr. Kazunari Domen
Tokyo University

- Chiyoda Corporation

-Kawasaki Heavy Industries
-Mitsubishi Heavy industries

-Nippon Steel Corporation

-Nippon Steel Engineering

+JX Nippon Oil & Energy Corporation
-Osaka Gas Co

-Tokyo Gas Co

-lwatani Corporation

-National Institute of Advanced
Industrial Science and Technology
(AIST)

-Central Research Institute of
Electric Power Industry (CRIEPI)

-Hydrogen Energy Systems Society
of Japan (HESS)

-Japan Petroleum Energy Center

(JPEC)
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3. Activities of the Concept and Action Plan Study Groups
3.1 CO,-free hydrogen chains
1) List of typical global chains

. Overseas Ocean Domestic
Chains- - : N : End-users
. Resources i Process | transportation | Process .
‘Refining:CCS'H,
1-1 Petroleum Petroleum (via LPG'naptha, H, stations/FCVs
via heavy oil)
Coal Refining'CCS-H, Household fuel cells
CCS'H,Liq. Lig. H, Vaporization ]
CCS-H,MCH MCH Dehydrogenation Business fuel cells
CCS-NH, NH, ‘Decomposition
CCS-LNG LNG VaporizationCCSH, ‘Gas turbine CHPs
CCS'H,Liq. Lig. H, Vaporization
[ CCS-H,MCH MCH Dehydrogenation ] Gas engine CHPs
CCS'NH, NH, Decomposition
4-1 Power gen.-electrolysis-Liq. Lig. H, Vaporization H, power gen. plants
4-2 (power generation) 'Power gen.-electrolysissMCH MCH Dehydrogenation (air combustion)
‘wind ‘solar heat
4-3 ‘photovoltaic Power gen.photoelec. syn NH, NH, Decomposition
‘hydraulic-etc
5-1 ) Visible light photocatalytic H,Lig. Lig. H, Vaporization H, power gen. plants
gp | notovoltalc -y ieht photocatalytic HyMCH | MCH Dehydrogenation (0, combustion)
(direct utilization)
5-3 Visible light photocatalytic HyNH, INH, Decomposition

Note: Toluene + H, < Methylcyclohexane (MCH)

7
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2) Estimation of technology maturity of the typical chains
Technology maturit Fossil derived Renewables derived
echnology maturity _ -
of CO,-free H, chains CO,-free H, CO,~free H,
Commercial- ( N < R .
ization ) -
Organic chemical IR s ] T :
: . _Liquefied Wind power Visible light photocatalytic
hydride (MCH) chain .. : ! o
| H, chaml .+ Hz chain .+ Wwater decomposition
Deployment & e . LE H, chain
. ’ . Electrosynthesis
: e et NH; chain
Demonst-_| o . e
ration a Rt
Develop._| & . At
research i R
Basic_| Kevesases *'_'..-.'
research Heeeneeee *
Idea I T
2010 Present 2015 2020 2025 2030 2035 2040
(Year)8
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3.2 Simulation
1) Simulation framework of the GRAPE model

Simulation using GRAPE's energy module

Gt S GRAPE: An integrated assessment model
: 15 global regions for long-term analyses of

energy,

economy,

climate change,

land-use, and

environmental impacts.

| Achievements: :
; Referred in the Third, Fourth and Fifth
i Assessment Report and the Fourth i
i Assessment Report of IPCC i
| (Intergovernmental Panel on Climate |
-------------------------------------------------------------- | I Change), and various international :

|

IAE The InStitUte Of Apphed Eﬂerg\/ Copyright; 2014 IAE. All rights reserved.  Grand RE 2014 International Conference

2) Schematic diagram of energy flow
Cetwral s>
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ll

E I Hard coal |
I power generation I
— I Coal ined I
| ower generation I
Grd coal - power g i _
L L
" Soft coal
power generation
6& coal .
[ Oil power ]
- | generation
 Grade ol =t L e
s b
N =
. Tight oil* | — B rneis
Oil refining aeena = ight oil kerosene oy
(ICE,PHEV EV,FCV)
PG naphehe _ — bus truck,airplane,
hG (heaw oif) ship,railroad

-] — >
I Heavy oil =

production | FC (hydrogen) u
- >
Bioethanol
Biodiesel fuel | A I:
— Lro‘ductio: - -> —> Hz gas turbine 1
Biodiesel fuel ~[——
@mass I Bi _power generation I
- . N 1 (mix with coal) I | H, gas engine —
[ N - 2
1 , production | Hydrogen =
. H, thermal
power generation
1
LWR power
generation
Heat pump I’
@geothermal FBR power
generation
A Hydro - geothermal
g Wind power PV power
generation(electrolysis)| generation
I Wind power | et
generation >
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3) Simulating assumptions

<Nuclear power plants in Japan>
e Phasing out after the operation of 40 years
e No new installations or no replacement

< CO, emissions in Japan>

015% reduction from 1990 levels by 2020
@ 80% reduction from 1990 levels by 2050

<H, cost>
e About 50 yen/Nm? at CIF (cost, insurance and freight).

(Note : Hydrogen manufacturers’ latest feasibility studies show that
CIF 30 yen/Nm? or less is possible at commercialization time.)

< Case studies>
e With domestic CCS (Carbon Capture and Storage available in Japan)
e Without domestic CCS (not available in Japan)

11
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4) Simulation results (just an example)
(1) Contribution of hydrogen to zero-emission power source ratios

Calculation results (%)

Japanese government's With domestic CCS Without domestic CCS
then target
@2030 @2030 @2035 @2040 @2030 @2035 @2040

® Fossil with CCS - 12.3 | 22.8 | 27.2 0 0 0
Renewables ca.20 32.9 40.8 45.3 28.2 36.2 40.6
Nuclear ca.50 19.4 13.2 7.0 194 13.2 7.0
® Hydrogen - 1.6 2.7 8.4 2.8 10.3 22.7
e Total [ ca.70] 66.2 [ 795] 879 50.4 59.7 70.3

e Japanese government’s then target
70% by 2030

e “With domestic CCS” case
22.8% share of fossil with CCS makes contribution to clear the target in 2035.

e “Without domestic CCS” case
22.7% share of hydrogen makes contribution to clear the target in 2040.

e CO,-free hydrogen is a potential option in Japan.

IAE The Institute Of App]|9d Energ\/ Copyright; 2014 IAE. All rights reserved.  Grand RE 2014 International Conference
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(2) Hydrogen demand in 2050

< Case study assumptions >

<L CO, emissions in Japan>
e 5% reduction from 1990 levels in 2020
@ 80% reduction from 1990 levels in 2050

<H, CIF cost>
e About 40 yen/Nm? at 2020
e About 30 yen/Nm? at 2050

- With domestic CCS Without domestic CCS

Impor ted Yend0/Nm? | Case D Case @
CO.~f ree ©2020 Elec. power gene. 116 billion Nm? Elec. power gene. 169 billion Nms
H 2CIF ~ Stationary 86 n” Stationary 78 n
cgst Yen30/Nm? Transportation 81 ” Transportation 86 ”
02050 | Total (283) ~ Total (333) ~
13
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(3) Hydrogen supply constitution in 2050
(with domestic CCS case)
100
90
80 e (1™ On-site H, Station
70 /| om Sba}\/I_iB?ogll?Ccttrolysis
Steel-maki
m 00 Cm b)?[?ro@uactmg
g 50 (@™ Residue oil gasification
40 ®®LPG, Naphtha
30 (6™ Steam reforming
20 (7™ Imported CO,-free H,
) B B B o ehehecietk
0 -
2010 2020 2030 2040 2050
Imported _CO?—free hydrogen shares almost all portion of H, supply
after the first import under the assumed H, CIF cost.
14
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3.3 Interviews with stakeholders

1) Allowable CO,-free hydrogen costs

Number of responses
[o<]

5
e O Vehicles 14
g 4
&
$ 3
Y
)
5 2
Q
£
=2
0 | |

0
13 20 25 30 35( 40)45 50 55 80 100

Allowable hydrogen cost (Yen/Nm?®)

Allowable CO2-free hydrogen cost

for vehicles in 2050

(Note: All answers were obtained as experts’ personal opinions. )

IAE The Institute of Applied Energy

2) Hydrogen demand

Number of responses

EHIIEE © oM
EEEEEEE

@ Steel makings
Blncinerators

B Residential H-FCs
OGas engines

OGas turbines

B Refinery HPUs

B Large-thermal plants

Allowable CO,-free hydrogen cost

45

50 55 80 100

Allowable hydrogen cost(Yen/Nm3-H,)

for end-use applications other than

Copyright; 2014 IAE. All rights reserved.

vehicles in 2050

Grand RE 2014 International Conference

Number of responses
w

0.1 1 2
Hydrogen demand (billion NmS—Hz/y)
CO,-free hydrogen demand
for vehicles in 2050

2

| H H
1
0 I I I I I I I I I I
3 5 10 15 30 40 50 110

SECICICECEE)

B Steel-making
Blncinerators

B Residential H:-FCs

O Gas engines

O Gas turbines

B Refinery HPUs

B Large-thermal plants

Hdrogen demand (billion Nm?®-H,/y)

15

CO,-free hydrogen demand for end-use
applications other than vehicles in 2050

about 40 billion Nm3/year at best

O

about 180 billion Nm?3/year at best

S I ¥4

about 220 billion Nm?3/year at best in total

The same order with the simulation results.

(Note: All answers were obtained as experts’ personal opinions. )

IAE The Institute of Applied Energy
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3.4 Proposal for new Basic Energy Plan
submitted to METI of Japan

<Primary energy constitution of <Proposal>
then basic energy plan> Hydrogen should be added in the

rimary energy constitution.
(Results in 2007) P y ay

(approx. 600 million KL)

Renew. 0
energy 6% |

H, can be
considered as a

(presumptions in 2030)

" pseudo-primary
Nuclear (approx. 500 million KL) energy
Renew.
energy
Coal| 23%
Natural ®
gas| 9% 17% (S
Natural
Ui gas Import H, is a new
concept like LNG
Oil+ at its import
LPG Lt Oil+ beginning
30% LPG
) ) 17
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4. Prospective vision of commercial CO,-free hydrogen global chains
<{Resources> © Bodroel H, <Use>
(overseas) o L?éf&38t2%°~> 3 (before 2050)
o Jp : : —
- = Y b P 3T Ty T ; _% @;DE
< FCEVs

Thermal power plants I!eilnerles
- FC I.
I co—gene. E;

Residential Commercial

Lig.: Liquefied
Ass. Gas: Associated gas
MCH: Methylcyclohexane

<{Transformation> <Energy carriers> {Storage>
(overseas) <Ocean transport> <{Delivery>

o <Transformation>
“ % (domestic)
Ste f MCH tanker — Ii_h?
eam reforming : Toluene tanker -h-,_h “ 5

BE7 MCH synthesis
& ~ MCH tank _MCH lorry
Hydropower r

urnaces Steel-making

Toluene tank Toluene lorry
‘ ' ces Dehydrogenation (after 2050)
Gasification e ﬂ v —_— A
quuefactln T Lig. H, tank &' ; [ Locomotives
Biomass = ] et LH, lorry Plg%Hz H, turbines
e - = s 0, combustlon)
@ Lig. H, tanker it g 2 (
4',:' Power generation b I‘ "ﬂ- Steam [&m
Solar Electrolysis Ipeline Cylinder

LAE The Institute of Applied Energy
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5. Future issues

1) To achieve allowable (end-users’ acceptable) H, cost
under the collaboration of all stakeholders.

2) To draft realistic scenarios leading to Hydrogen Society
in the future (We are doing now)

® |arge-scale H, end-uses in particular
» What comes first? or What is the trigger?
— Thermal power plants?
— Hydro-desulfurization in refinery?
— H,-based steel-making?
— Industrial H, co-generations (gas turbines, gas engines)?

® Domestic H, delivery
» In consideration of end-uses, supply sources, volume, distance, etc.

® Domestic H, production
® Overseas H, production

19
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Thank you for your attention !

Masaharu Sasakura
msasakura@iae.or.jp
Yuki Ishimoto, Ko Sakata
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