h—m>Z1—’I)IVEIRICEITTE

IKZR - 7 EZ TV DI ENERTREE

2022.10.12
REATEEEHY A INR—-23>BhET 0754 (SIP)

[IOEEDIRINF—SRATL] A INR—23 B I—FT 1 —4
7t SIPIIXIF—FvU7] YJT-TJOUSLT1LI5—

ISR SEA

2022/10/12 L=y N T Sy S e



BE R

[FE)
1977.3 BEEN AFAF R TERRBMEZETEFER ((B7T)
1984.6 Stanford KZFXEPFE Communications*El Master of Arts
[ HEREE]
1977.4 BEEEARAE
1982~84 KEStanford KEXZEPR(CEEE
1993~96 OPCW ({bZFEzrZIHiE) #BEEES BTERINEFER (\EAS>AY. \=J) CHE
2003.7 RREXER REEEE=E (EERESR)
2004.7 BT REEEE=ZE RIEMBERIES)
2006.7 BEE

2006.7~08.8 (B) BRRSHE BE ERRECELYY-R
2008.8~21.3 {E&RILF (F) BFE [UREZSWICHEREIR

2010.12~11.6 OPCWEBBEYR\1H—

2014.7~19.3 SIP (B(BEENA IN—>3>_h&ET0I354L) [IRIVF—-FvU7] YT-T0935 07494
2016.6~18.6 ICCA (EMLFIHEHi=t#ES) Energy & Climate Change LG, Chairman
2018.11~ SIP [TI0E (Internet of Energy) fE2DIRILF— AT L] A INR—23 BT —FT(R—4

ZOAH BHAXY IFEHEEZIR. RILRF RRITERFIFEENERD
FEEEFAHE SRR ZEMRE
EERE2 1HACBERIAZFT ERMRE(CTFERE
BARIEZRERER HEREERS RIFES
(NPOEAN) EFRIRIBREMAFFR EHMARE Eh

2022/10/12 FRREA b £ 2



N O o A W N

. BEROH-HK>Z1—-K3)L (CN) ERICEWT,
BE. KRIRIF-HDEZLRON ?

. IKERIRINF—EUTTOEZZHNEESINTODDE, 2 ED ?
. VOEZTBANZHSEIAI O]

. SRUKER TOEZTVOE AN EOLIEATIKON ?

. IKER VORIV OB ACMEITZERRE(E. R(CH ?

. R KRETOEZT7OEEI DB 513500 ?

(t#Em) [ IRIVF—Aiie s bl | OFHMl DR =

2022/10/12 FEREKXZELEmT SR 3



1. BARODCNZEIRICBUVLT, KERIXRIF—H REEELROH ?

2022/10/12 EREHKF Lm0 4



HAOIFIF—HHEIEE (20194E)

B HARE—RIRIF—-D83%Z LA AEHAKTE,

B H—R> 21— hIIOFRIRDLHCE., AEERBNDOMKFZ FEFEOCLARTNERS,
= (LEREEEEDI40%% HHDFEBRBOMRKFIENEE,

BT F—DEEYA RICHBITIIEBEREZ N TSR,
= TRLF—FEO7Z58(E. FELTRIRIT-TOREE., IR F-DEEBBENTENEE,

{7 P) R¥Fh 2019FE 1RIRERMELS - 19.1 EJ]
20.000 0.5 EJ RIEIRINFT—HE : 12.9 EJ
' 3% e , ({PT) 2019FEHRE IR —#ist
' OX 1.2 EN
1 molonlls -
8,000 B - E— i
16,000 2.4 EJ i i
12% ! i
14,000 ; | 14,000
1 1
BHRARAZINS R
12,000 —RIFIE- : 46% 12,000 =
3.0E] (23%)
10,000 10;000 REE
1.8EJ (14%)
8,000 8,000 sge
6,000 6,000 .1EJ (17%)
4,000 IFENRIIEAZNS 4,000 e
— N5 > 5
RIZIE— 1 54% 6.0E] (46%)
2,000 2,000
0 -
—RIRIVE— BRIV E—HE

E RS
2022/10/12 EMBAXFEmTSRIZT 5



B DRI : 2050FENDE
O20504E(C[AF TEBEDRRZ(LICE. BFH. CCSOEA , BIRDARIEANKERE,

= (718 LEIRIBK

2050 DENTEEDOFE
IERERNHSN, BILROM ECLD, EBINDRITHKEE,

2030 onms 2050 onzs
) DF
(EB6:REARETE) - 3o~5oo/ot*=ébuﬁ;%E
%9,340f8kWh
(fBkWh) SENERRE )
12,000 -4 12,000
= 7ARBRRE |
10,000 9,340{&kWh 19% ABERLS | 10,000
********* 8,000 18,000
10,500~11,50(
6,000 WSS SO A" |

4,000

<{L’,E%?§¥-

2030 DERIBRBIE
(co,HEHAE : 20134ELE A 46%)

2022/10/12

| COXEDCO,7U-BHEEDELSICHS? |

m [FEFhH: 20504 300~1,600{EkWh
[REOF%. ETEX(EAIEE ?
B CCSOE: 12~24F/FEODEAHDES

(= MAX. 2,000~2,50048kWh#H)
EATYIEREY, FFAVICTTRE ?

m EABIT (KX, ¥LEmEH) OmXiER

REFE ?

7B ?

(RIRTVERAEFCLD) STEEROANHESR L ?
BEF OB RNADEMT ? (XEHERZIAN)
AEDOMERFICEISIAN? (B8|IZN

¥ LED : 20404 3,000~4,5005kW :
~1,000f2kWh (CF:30%)

2050FDEIRIBAL

(F38)

ZiRCO,IV-IRINF— (BIRH)

DXREREIBHE

SRAAF LWL RS




IRIF—REORRRIL : 2R, BETOTADR R

mE/ZREE - FEHEPPIDRRRERIE = &Eit
W EEHPIORS TR HEOBKEL =  JHLERE. Bk kE
EhlCLHE  H| EREM | BRERANDZIR

T
I
T
I
1
=
ﬁ
=
18
%

\

IFBNICLDHE
B+ LB
(B +{ta&EREE)

BHHAHOERIZRAL

BN BEME (EV, FCV)
AR - 75 %, E5E0RE

=B RAFIBOEZHRIL
(E=MRYT IRNF—IRTAVN)

FEESEEBFT

HRDE(L

ZED
' IE(LERRIA DG

(CEEBLLTONE |

2022/10/12

R A —

REIOCADEE

%H—cuNongm»|

3, (WNHHE) —He

~
-

|wﬁ=|

SRR A £ 22 7



AEDCO,IN—TIRIF—ZEDSOICHEIR I DhH

& BIMI(F, ZELRBIXRERENEE(CAFLU TOVBHISH A SR (CTF1E.
& BIXRI (EFEIRINF—(CEWT BETKR=1nX., BTN OIEE,

BIRNF—RREDYSE

BRI F—eeee RIEBfDENX., BTELHEIEE
AT R F—eeeeeees BRI TV, EnXEEE,

TR F—eeeeeees BT REE

BT R F—eeeeee ganx. BTERRIZE
ACLFEIRIVF—ceeeees IXNF-ZEENEL B, iFEIE S

(B eaRENE SROKREB IR F-MEZIRIF—(CZELLIZED, )

S {LEIXINF—DOF T, #IEK FICESICFEEIDKAFIALTENETES IKE HEE,
MzT

& (CO,7U-) 7K3E OFEh&E}. (GBI D) RAHAWME + CCSHARNTDCOETEET
HaJgE,

= [F. CO,N—IRIE-DASEAFER

2022/10/12 B KX F Seimtt =R



Hh—i>Z1—’IIIVEIRICHITBKFBIRIINF—DIZE]

Eb £ KRIRINF—

= BROBKERIL

= (EENFHO) HROBKEL

= (BENTO) FERORKRLLRREFA

BHAROIRIF-SZT LAORRKRIE D

BitlcLd
IRNF—FIAORIE
E—R>T
IRILF-IRIAT S

GBS hsm)
C027 U -
KFBEIRINF—

i, 2 R{EEED

S BT -
o= < 8 INA AT RRRES
(75%)

KBEIRIF—. ElE
[CKDERDAERIEE

208
(25%)
‘ n EABLR, KRIXNF 50
<HR> <FFR> FIFIC & BEH DBLRTEIL LRT L2 —
BAIINF—HE 2RIFRINF— (Arie3R{E)

(HHE8) [TRIVF-EZED20504F Utility3.0NDF-LAFI>2] MTRHEFIRE (BXREFERELRT) OR4Z6ECEENINE. EIE,



2. IKREIRIF-LE?

2022/10/12

BREAAXFSmE R EH

10



[KZBIRIF—]

B [KRIFINF—IOFBMRERRIRU,
- BRIRNF-TOUKRIRIF—-IOFERE: [FIARICCO,ZHERVIRILF—]

[KBEIRNF—]1 = KFE + KFEEEW FEAKIRFFFR.)
- [KRIFINF-1E 7>EZ7 (NH;) 228,

KFBEIRNF—DT5H

(IEA,”“The Future of Hydrogen”h'5ik#%- Z:R)

B KRG EUUERICIRIF-ZENMEATHD, ENEREIRIF—IRTER,

B KREBENANKERZOIKERDFICLS ((b%) IRINE—-DEREETHD.
(BROLID) BFICLBIRIF —ERR FCCETSS

B COARBHREN TNTNZHFEDOT S,

B DFINSREAEOITEN BIEE THD. AGREL (ERZEM T 2IEN TS,
e, REVPERZFOMOTREFES LT, BDIRWNWESZMEEY) OKRIRILF—
FrU75E) ([CEHRTBIENTES,

B KZROIA NGRS IC(E X, IFEIA MY KRSI(RET D,
IKERDENX, BOXIAME, KRS IAMDIMEBISELSS.

2022/10/12 FLFiR HH K 2 S v A 2 B 2= 1t 11



1. K3\, HBk EOERAZ BIESYIOD FHRIFET S,

K (H,0)
KAHA (CH,) EB&R (cH

NAATAR (K) N}

co,U-Ixi-. kEomzs=

BETREIRIVE - s X RaDK g
=

"

HZ1E o

O

RAHADMEE : CH,+H,0 > CO+3H,+ A 206.1 ki/mol o
2

CO + H,0 = CO, + H, + 41 kl/mol
CH,+ 2H,0 = CO, + 4H, + A 165 kJ/mol @

| KERNA, i, B eEe

REDCO,IU-KFOEIS BIZER KHRHZ + CCSiEih
A7 ithis Rit7E s,

.

2022/10/12 BHRAXZFEEimt SR 2iH 12




7J<;=§ O)//é ”

KZEDHS—DH (RAYDOIEZRKEHES |(CSREHSNTVBIED)

BARRIRINFT—(CLBBENZRAVTUKZEI DRI SEICIDBLEUITIKER

{EERBIOCREICLD. KFZRIE. DR, £k HEHEN3COz 57 Ek. [EURUL.
I TETER (CCS) F32LTCO7U—ET B,

Al -7k {EERBIOIREICLD, KFZRIE. TOER. £k - HEHEN3COL(E. ZDFEFAKH
- (CHER

A5> (CH4) OEDERICED, BIETEKER, BDRCHEBRIRILF—(E. BIXR
EROIRINF—2ANS,

BEREL TEXT dix (S, [EURUATEE.

(B5%) ZOMOH5—DFEDH)

A4I0- (F@FII=TIL
(48) /KZK)

JRFHIFEBCLDBNZRANTKZERDAFI DLICLDELEUIIK R,

GIRNSEIET BKER, (JL—IKZRICDFEEINZLEHD. )

BIRNSRGET KR, (JL—IKZEKICHFEINZLEHD, )
R4 bk ORGBAEETOCR (FHY-SJ0REETOTRE) TRIFEYEL TERINITIKER,
JOGMECEH! (https://oilgas-

info.jogmec.go.jp/_res/projects/default_project/_page_/001/008/834/2009_j_ru_recenttopic_ EUHydrogenStrategyAndRussiasCounter
Measures.pdf) RELDEZVER

2022/10/12 BREHKFLHL R 13




whiskpll, EiE75ERl KFREEEIXN RIK)

(IEA "The Future of Hydrogen"®5#)

m EE> A "j‘“/—"7j<3=E(-* h“HgU=>"KER KDZ A,
m UHU. IS EoTE “JY)—>" OIANGEFE DA EVHIEESD,

BB : 5E Tt “JU—>"KER B D) —"KER LDERIMLBBAIREOBHH U

Figureis. Hydrogen production costs in different parts of the warld

el

5. w~r EEN Tk
E . I W Electrodysis renewables . "ﬁU—)"ﬂ(i I
7“U >R u—' ”
*“Jf]iﬁ(i’] \ I Matural gas with CCUS © ="Kz
(BAZER) ] | | I l I i W Maiural gas without COUS
A Vet L | .
e *':37\7{13?1’] / ¢ i | 1 | | Coal with CCUS
(EK’@’:B?() ! m Caal withaut CCUS
a

Aargirabs | Chile Ching | barope | India lapan | Midde | Ko | Dnded
{ i AP @ Sl

Miztes: Bars indicate rangae befwean rear- and kng-term hydregen preduction costs, which include a S0, price of USD 2ei 0, im
thee mmar b gnd USD 100800, inthe long term, For cptions from cosl and netursl ges, the higher vabos indicates the long-term
costs (due to the increasing £, price), whereas for hydrogen from renewable electricity the lower value indicates the long tem
LoEEE.

Gourge: IES deag, &l rghts mesenaed

Im countries relying on gas imports and characterised by good renewable resources, clean hydrogen
Fr!:-du:til;m from renewahle electricity can compete rl"l’q-l:riu'qlllr with production that reliss on natural
Eas.

202210712 FURR FE K5 S 2 R



2. IKRIXINF-ELT. 7oEZTVHNEEHSNTVDDE, BED ?

2022/10/12 N e e N2 ol Y e/ S A= 2 15



IKZROX=HnX. BTjE. FIRORE 4

7K Z&E DHW R L\ E 2T

IKFROFRIRNF—BEREHTNEVH, IRIVF-REVTHATBHICE,
BAEEZERETEMUTHA IS L E,
(35MPa (70MPa) EWSTEIE T THAEYRDORBERIAVI>D1/12 (1/7) 2E.)

SRAL T BERFEFL/800(CRBN, IEICFIRINF—Z2EL. BER (-253°C) ¢
FRINE, B2 \DBRAARLIKROEFBENIER(/NEVCEBHD. RILKZR
HSOMRA I ATHEE TSNV (LNGORALRE(F-164°C)

-FEINLiBULPI, £, EEDMIEZIIEDT B EEH DS,
NRFEPEFRNMBD TILL (ZEZEA~T5%DEESIRRETIEFR*) | &/\EHNIXRIF—
B/ (0.02mI**) CENMSIRFEULPTL,

(MBEFIEFR : XY> 5~14%. #PHHA13A 5~15%)
(** B/ NBNIRINF—: 45> 0.28m])

SRURIFORAD. TmAVMEPTOYFENEHLLY ((TENKEE) =,
KEIRINE-DASHX, Bk ‘
mp|IFLE-OREEE LI E—F U7 OFIF

2022/10/12 =R A N P S 16




IKRIXNF-DAREEAFE :

IRIF—Fv7

« 2022/10/12
9’( [ Bbgi A )~ — /a/ﬁh_ofnfm'a

motion Program

) Ha g

LH2 (&ft : —253%C)

MCH (zigmETHEG
(ﬂ(ﬁiﬁ JEEEGO/O

ofide

LI MCH

ER -BICLD
IKZF=RHE

/% 4 >

e T o e

EiEFIA

e FIF8
EIre .
ey - .
i e/ HAE Lk e &

REEthEShE

=l N\

.

BAI—-E> gz,ﬁb

&
s

BElEith IR

\_
4 7 N\
: s'“.}

J

1

7



IRIF—FrU7OVIEE

KEFEREXR KREE R IKERHH TOMBDFFIE* *
(EE%) (kg-Ho/m?) — (C)  I>ANE-Zb*
(kJ/molH,)
1 | % Sy g 17.8 121 -33.4 30.6 SEE%. ERE (B4)D)
AFNSo/0NFY> 6.16 47.3 101 67.5 SN, RIS
(MCH) NMLIEE)
RIEKS= 100 70.8 -253 0.899 RSN, SRR, BT
[E#EKZ=E (350%E) 100 23.2 —
[E#Ek3zR (700%0%E) 100 39.6 -

MCH: RLI> (CHy) (BFBI2) EMCH (CHy) (HFERI8) DKZEDFOECLDARTESR

CH; + 3H, " Q CH, -+ 205 kJ/mol
(DF=E :92) (F= :98)

GE) *  AkEHMETI>OYILE—Z(: KEERDEIERCKHEE LD ITRILE—,
*k o [ZOMO4FME] DELEEIEIE. MSDSO [GBREZEZEMW BRI o< —Hn5
5. 2YEBOIEERIFECDLTIE. TNENOY)EDMSDSZSIBD C &,

2022/10/12 B AR A S R e




TRIVF—FrUT OYIIECHSRE I D45

448 1 70.8kg/m?3 B . - KSR DRABEHRE HERC, NKDI>
W EE:100% SRAEDTESHIC, KEDBIBZIRIINF-D30%UE NO—JLHERIEE . RBEREE A L\
& - os3cETatigacroyy OLXF-DUE GBR) . (B8 20%mE)  RIEKEEO (g-TuNO0RE) BoRMEN
K SHOKZOL/B000SHT 253 COREETORIEAE. MAZIN o kRS- L BT,
R EESOKROME-FTEDN  AOLATCLZBET SN, IKFRBEI-ES (BMENR—RT

alke 10%MEHE) (RIS FERH.

i 47 K0/ BRI,

S -MCHNSOBUKRORHIC, MCHISERZKETR
| ILF-DKIZ0%DIRIF—HBE,
c ~EmORIK, , . . VD AV DA>T5 - KERELTEIDT, LRIRIEK
H SHKZEDL/ 500@@{3—@\“ Bk ZRZ O ML I OAEYIE DK E, OF ﬁa D‘E_[{ﬁg B = |,

RSEOCKROMWE- IR MCHTEABKROER/AEBEA NS,

BLE 1> TSOIMER ., MCHE NI DEF RN A E.,

ML IVRTEM ]+ EEAS OB TN B3,

& g;ﬁrglgg/w -ESETEEM, -33°C (8. 5atm TR,

= . 5 . Gk « BT
£ -0 TR ), S RIS, A -
7 --33CX(F8.5atm (LPGE 1205 NHIRB/SH0I LY /RA5—
> EEEL) T -NH;OFEERE. REIEL THIFNEIEE. . OFFENER.
£ 1/1,350033%C) or = o T LPCERIROLY s, mizs/resm
—  1/1,200(8.5atm) BRI DG EICF BKRIEIRLF-DBE, IS5t DR sHl(d BIASA PEZER
> OBMONH,CHEED NH;DENBKBZIRNF -0 13%OIRIF—  EEJAE

KIEOBE BTN ET A N

2022/10/12 BiEARZEIGH SR 19



BHTS5AF1—>0 [7K3& - PRRHRER O — RV D I TREN = EARRILIITERE

T Rl : IR 3R, TOER — R
i - [ [ : /p=m@B P~ — EW.NHE ,‘/
L : BAEREDNE ek |1
[REATERAE | DHEE : 7K3R - MR B hERERO— Ry (2019.3) oD jj
CO,7U—NH5-F1—> T NHaEm-t |
4
~—— .~ (FREY) |
~=F— ;T e |
,=\/
g | NHEE
sop- | | 070074 g RERERISE
LOHC (MCH) -F1—> (T35 (5 1)
CCGTHFEAFIA
S O INESe-- - Wit '\ G l------ ONH, 558
% - NiEie
Yl e T i eas o L
= 1 @M OXEOER,
Y 1.4% = 0.7% .
O """"""""" A 4
O (KEICCGT) | 73
H EBE -t | R
4
H, B —E> lt
(k50 S

L kBRI

| ORICKTEERAD | | ORILKRISD. D-F I 7-LSAFh | @5, RERTO || OKEMETOAN

| ABE( BRI 1L AT ! DABR(L. BHE | xEE(. SHEL | NOXIEIZART
20

2022/10/12 i = =

BREHEXZ TSR FH



IXRINF—FvIV7 BIT5A(F1—20FMERBEORNE

(RFOOFESE. BIR—POHDOOETES (L)

YISAFI-2D REDAE

KiiREDIRE

C027U—NH37‘I—“

DABEIAZNAYKSAII | - CCGTOHRBORIAICLD. NHESE | - ABICCGTEEIETIE. H, RIEGTHBIREES T
BHAS—-E> (CCGT) U R UIZH, 29 —E (ARG I3 DL BENEZHHRCO,IU—NHHBCCGT
BMFIANH,AHE | EEOBR. OHFRVERIFIL TCO, U~ H DER TR 3L

D5, COBRMERENTNS.
LOHC (MCH) FI—>
@MITY-OAR . MCHORBSKZTOUATIMLIVEESIE | - (4K MUY -O0RE 1.4%
RS B A AR T B
&bKkFE (LH,) FI—>
RIKFE R - IKEFBFALEED KB, - 5t-H,/B (R4R) = 50t-H,/BIEE
. KERIL TN E— RO E . 13.6kWh/kg-H, (4X) = 6.0kWh/kg-H,
- RIEIER 24% (ERIR) = 54%

DAL TE AR . ALK BRI OAT . 1,250m3
@ﬁﬁ‘b\?kﬁ’;"’)a\ - DO KEAE - 2,500m3 = 80,000m312E
O-F4YI7—bIATA [ 5 h7— 1325 hOREERIE
et SERYT . ABBIb. BRI
@DIKFEBHRI—-E> - JKIEGIZITDRVINO,JNHHE At FEFE - JKIESCLDZRENZRDIK T z2EE 21280

KSR S2DRITE,

(PR 7K3R - BARIEMERERO— RYwT (2019.3) OF7I33> T35 OB BEEEICEEVERN . $UBF. —EPHEET,
2022/10/12 BB XZELEInASE 0 21



[(SZ]RIKFYTFAFI—>DRT—IV7vT DsRE

® 2030FRIATIE., MLARE25EREICARBUL T D LZ RiAH, ZORDICE, FlRSA

iTDFF%

I —

17

HENGD,

® EVREREZ5eARL. BV IS4 9'-1—/73"475_1:73“‘37';&3'%& 1GWOHRAX D FEEPh%

BUEIZR50%T 1 FERIBIH T TENTIEE (REBE : 43(BkWh) *
BIEKFH I SAFI—2OXRBYLDHI
KRS | KFRERE | BEEN | KFERE | BEEM | KERE | FRMGKE

HE3E &S T N0 K3 AR 324 HEM -

T | 0.1 PR sl
HiTEE | 0.1t/d 2t/d 2500m3 | 1250m3 | 2500m3 $136t/4E ; D e L

1000t/d | 20Fm3 | 32Fm3 m3 £22.5 YT
BRME | 770t/d | (5ox008) | (5xam) | (16x28) | (5xam) | 100FKW | e
BEJIAM

ERER

2022/10/12

HARW

HAW L Nx

e

KA RE  RAKERE /

KR & L3

¥)30A/Nm3

B ZD1,250m3DRALKEREHNEMT

EHRTE275 b DRIEKERE(S

‘60 FkWHRANNDFEBPRICLD

BERBOSZS = 3EED
-FCVIERRL = 1.558%

tH 88 : HySTRA HP

(KFEEE120MI/kg-H2 (LHV) | REBIHRS7% (H : FEIZMRTIWG) *M8RAZET 5> MeERIVRBUIBRORIL KRR ZHE

67

[HE2]20216F4H280 EEEETRST)-—21/R-332T0 17 NS
IR TSR ETWGOERI 3IC—EBHNE

BREAXZFLint 2205

22




CO,T—IR8}, KR IR E—FrUTELTONH;

Advantages
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SR HiEcE2 58, (“NH5and NO emission basin”)h"# .
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— % — NOformation FRILHEEZBND, (NODETRIG : NH, + NO <> N, + H,0)
€«  50~150 —> NO reduction . .
€ 150~ 250 VH N 0 ,'rw u NH3&ZNO@£‘E5&Z(I\ NRBOEDD_EREEBITRHD
€ B0 — A 1-D NH,/air premixed flame
NO formation and reduction tgH | l TNH T Reference point: 40 mm downstream of the peak heat release point
HNQ — rNO N"NH "
Initial t ture=300 K
e 12000 nl_la empera > 12
0 Ol ror N N —_ BB SR
@';' Peak NO
NH, —)NH i)NH i)N 3 '
Main pass way by hydrogen abstraction o 8000_
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RANAZIZRIETDNH,DFSETA S (ZENEN—X) OHEET

G: X&KAZIZALN  ($/MMBtu)
Ay: NHBSEIZ N (ZEER-2)  ($/ton-NH;)

Ay ($/ton-NH;) = G ($/MMBtu) X ~30

= 3 $/MMBtUDEE. A = 90 $/ton-NH;,

Hﬁ%ﬁODNHﬁ'%ﬁ:-Ejj/ MOIRIF—2DZ = 28~29 GI/ton-NH;
1 GJ = 1.055 MMBtu

T5YNEUNHIRN = A, + Ac + P+ Freight

Ac: NH,ESS(CH3ETEE
P 1 FIZS
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BXvUr(CEB T —/JV-> KFR/TEZF OIXNDHEE

”Study on the Economics of the Green Hydrogen International Supply Chain”
(2021.10 (81) BARIRIF—RFATFR)

(ERAITR) ﬁi A= : 1GWOHRNOREEMICHEBERZARIE (KZFEET225,00006>/5F) OFFIE
EH#HE : 20304
(t—fr‘i):lll\(af%f%bu\mvf—z)

GE)  -NH;IZNE. NHoDSH,(CIREE 308, NHLZEE, L TRV SEOKZAALIZN. () NIEZNICHEZFZNH,0IZN
-NH5ZH, [CEEHU CRIFAT 35 A0H,0A M - -+ TR T . %

@© TN —KZFR/T>EZFOIAMNE, JU—->KZR/T7>EZPRIAMNIEEL T,
BU., &EM/FrU7OFRBFEICIOTE. JV—8IANRERZR D,
@ NH3ZH,(CERi: (7)) 9B2ER< NHZERE. BRELTME I 355 eNhisZ .,

Y9 TI— (GAS+CCS) A=ANSU7 JU=> (PV) FU JU—=> (Wind)
Saudi Gas CCS AUS PV Chile Wind

6.0 ($/kg-H,) 6.0 (S/Egin) 6.0 (S/kg-H,)
5.0 5.0 50 8

4.1 4.0 38 4.6
4.0 4.0 : 4.0 A S 4.0

3.2 3.2

30 B B . ,g 30 3.0
2.0 2.0 2.0 2.0
1.0 1.0 1.0
0.0 0.0 0.0

LH2 MCH NH3 LH2 MCH NH3 LH2 MCH NH3

(=353 $/ton-NH,) (=676 S/ton-NH,) (=568 $/ton-NH;)
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A—=ZARNIUTHSEARAT -2 K R%z2E81X T DigE0D/KZERIX S

(KZF=RFv)7 OFEFERIENX A MDOLEE @ IEAODHTHESR)

Figure 30.  Cost of delivering hydrogen or ammania produced via electrolysis from Australia to an
industrial customer in Japan in 2030 (H#8) IEA “The Future of Hydrogen” June 2019

- — SN THINSEIEULKRE
BATHBIANSKE NHARIETSIRN || gbksz, LOHC,NH,CEACE#A T ZIa012~ | M Recomersion

W Distrinution IKEEADEGHE
(CEIRIR

e |

NH;DEEFIHO
B Importy/export BER. AE
tarminals

UEDkgH ;.

Coimvarsion

M Producharn

Hydogen  Ammonia Hydragen NH,&H,[CFSE#R (588) LTI 388
Domastic Import from sustala (NH;ZKZFPUT7ELTRVSES) ©
NH,OF A 2

Mabes: Sasume disiributien of sooipd in o pigalies 1o an and-uss site (o ki Trom s reoeiyieeg leminal. Steregs coms are ireloded

i tha codt of impan and axper temminak. Mo infermation an thi dduemptiond & aveilabhe at wees g orahvdroasngogs.

Sourca: |EA ahalyiis bided of LAE [2ecig], "Eooreimical Evalusiizs ard Charcterisbe Analyses Tor Energy Camasr Syalams”
aind Fiols (1o, "Saskoral shoregs snd allamatve camars: & Naxdble Frpdregan supply chain seadal®. A1 rights ridarved.

The cost of transport from Avstralia to Japan could represant betweean 30% and ;c% of the full cost of
hydrogen; yet imports of electrolytic hydrogen could still be cheaper than domestic production.
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NH-OERDIRL (Z5 1574

m RE EPAI(C & 35145

NH, (3 MOEIDICT U T IRERIEEZ AL I Dcsh. BEEELTRHIEE  (RfC. Reference concentration :
HERAUSI THRERCEBZENEURVEIETEINZSERE) HRESNTOSN, BIFNROERFE
T—ADOBFHMIICED. NH;DOIRARCE, AT OLITHEFISNTNS :

1991%F : 0.1 mg/m?* (0.15 ppm) “Toxicological Review of Ammonia — Non-cancer inhalation,”
20124F : 0.3 mg/m?* (0.44 ppm) Integrated Risk Information Systems, US EPA, September 2016
2016%F : 0.5 mg/m3 (0.73 ppm)
M ety =  ppesaeam g |
BEHOCLP (S, S5 ASERICHS) /8 | — &
MLI> HYu>
IR FERERME | BIRRES R 2 1 1 1
BEAR BEAZ | mEAZ | BEAZ | BEAR
Bk 2 2 |
BREEE 2 SHEE 3
B e, mEmm 1B 2 2
= et Z RS S 1B
B pane 1B
LB 2 |
BEENEESE (BEl) 3 3
BEENESESE (R18) 2
NGB RN S E = s 1 1 1
RIREER KERBEBEYR (B1%) 1
KERBEEEY (BH) 2
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NH; OEUREMA —NFPA (£XKFPhANiF=) OFHifl — m

e N NEFR
T7AY HAVED REFHEIN B AEECORRE, “NFPA704" DFABICLDIRES N, e

{EFmOBEM 2RI SRS TEBRNICLANSNS,

RS NFPA Ratings Toxicity Flammability Carbon
Intensity

Ammonia

Ratings Hydrogen

n =i K Liquid Hydrogen
. Natural Gas

3 Methane

LPG

. Methanol
1
BEM® N Gasoline

The rating of 3 for ammonia indicates that emergency situations may be handled by professionals
having the right protection available.
Most of the others have a rating of 4 for flammability that may be too dangerous to handle.”

B R R R R WO W

1
4
4
4
4
4
3
3

Source: Partially revised the presentation material entitled "The Ammonia Synthesis Technology Portfolio” by Trevor Brown,

at Grand Renewable Energy 2018 International Conference and Exhibition, June 21, 2018 in Yokohama.
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Australia
Western, South, Queensland,
Tasmania

s Natural Gas (Blue)

(1] “Implementation Plan of Clean Ammonia Value Chain” Renewable (Green)
by Shigeru Muraki, July 27, 2022 h'SERE
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Green/Blue NH, DX N 11 B%

(HE2) IEA “The Future of Hydtogen”, (2019), Fig 42
m ZHEEDY 15 - 50 $/MWh [CTRBE Green NH, DA MDY Blue NH, Z FEIZHIEEN H 5.
(RAHANG)IAM: 3—10$/MMBTu )

— BAMAEN 15 S/MWhIATF(CRBE . BEEIXMESAIDIZETE. Green NH,DIA MY, NGi4% 3 $/MMBtudBlue
NH,&DHZ 1.

— NGAfA&N 10 $/MMBtuld (722 ¢. BFEIX MMEAIDZSENMAEH 50 S/MWhLL T . BRI M SDGZS
THENMAEN 37 S/MWhZELL TN, Green NH,OIZA M'Blue NH,WIX Mz F[EIZ,

i i
i i NG Price ($/MMBtu): Low=3S; High= 10 $
Ammgniai i NG w/CCS CAPEX ($/t-NH3): 1,315; 1,260 (2030); 1,165(Long term)
= 1500 ] ]
% : H = = +NG unabated (high)
1 1
= 1200 i i
3 i i we NG unabated (low)
T i i
2 900 I i = = +NG w/CCUS (high)
g ] i
ﬂ 1 1
600 ) d s NG W/CCUS (low)
1 1
i = = +Electrolysis (high
300 : ysis (high)
i Electrolysis (low)
0 i
0 10 20 30 40 50 60 70 80 90 100

Electricity cost (USD/MWh)

Motes: The levelised cost includes the cost of CAPEX on core process equipment, fixed OPEX, fuel and feedstock costs, and the cost
of capturing, transporting and storing CO,. Best practice energy performance is assumed for natural gas-based routes. Electrolyser
CAPEX range = USD 455-8g4/kW.. Electrolyser efficiency range = 64—74% on an LHV basis. More information on the assumptions is
available at www.iea.org/hydrogenzo1g.
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Flgure 32.  Cost of electralytic hydrogen imports fram North Africa supplied to & hydroagen
refuelling station in Europe in 2030
. . [4+#2)“The Future of Hydrogen” IEA(2019.6)
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Hote: Assumes s distribution detance of 1oo bm, Mare information on the sesemphons is availsble at weoy me orgfrdrogenaons, 7. 5~9 USD/k H
Source: IEA analtysis based on JAE {z2014), "Econam ical Evaluation and Craracterstic snalyses for Energy Carrier Systems” . g-My o
arscd Rl {oag ), o bl

droagan supply Chain with spatial resalation: Comparatisa analysis of infrasticuns tachnobogia s in Ganmany — S
Al rights reserved r | 7J<;=Eﬂ/\o)ﬁﬁﬂiﬁﬁito){g%\(iﬁaﬁ

Delivering hydrogen te Eurspean refuelling stations in 2030 is likely to cost USD 7.5—g/kgH,. The BRI
) ” o o 2 (] =
choice of cantralised or decentralised reconversion depends on distribution distance., ((_O)ﬁ*ﬁ'_(_(i\ EE%&EP@?ElOOkmE'f}iIE)
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= 4,000 & g (88ton. 1,250m3)

32 & (1.15ton. 160,000m?)
= 137318 (45kL (2.86ton) AL/KZEO-U-)

= 17 TWh*

= 15GW (BHAX : CF=13%) = 1km?
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(*  :100BkWIEFE #2527 0RES=
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Life cycle CO, emissions [g-CO,/kWR]
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- ()  Akito Ozawa, Yuki Kudoh, Naomi Kitagawa, Ryoji Muramatsu:
“Life Cycle CO2 emissions from power generation using hydrogen energy carriers”,
International Journal of Hydrogen Energy, 44(2019) 11219-11232 D[ 8 J(CEENIZE,
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