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The Future of Hydrogen: Report prepared by the IEA for the G20 Japan June 2019

* Hydrogen is not an energy source but an energy carrier, which means
that its potential role has similarities with that of electricity. Both
hydrogen and electricity can be produced by various energy sources
and technologies. Both are versatile and can be used in many
different applications.

* However, both hydrogen and electricity can have a high CO2 intensity
upstream if produced from fossil fuels such as coal, oil or natural gas.

* This disadvantage can only be overcome by using renewables or

nuclear as the initial energy input, or equipping fossil fuel plants with
CCUS.
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1. FLL(Fuel Lifecycle Label) (&, Al = [ERICEEARERE CKUBEEL. IR TT B,

2. AR EBMBOENENIIOS  WITHHBOT I MEERET 3 ENREINTLB,
Example of FLL and default emission values N WTHHEEDBRZET T,
Part I: Part II: Part Ill: Dot IV Regionof |~ _ 7~y |=CO2intensity upstream
: - I Co2 —_ = =
Grbon | Futtod | poduction | pulope | e | iocoinn | | CORIDEBFEKILE
Y - 7| | ERPRTHY, ERR TR
Carbon Fossil Default LFO Global 13.2 L\C & [:%%’io
Carbon Fossil Default HFO Global [9.6]/[14.1] ZREHCEB DYt (E E
Carbon Fossil Default LNG/methane Global 18.5 bT@%%%(MJ)EBEU
Captured carbon/ D, C?Z? PING ] _
Carbon Captured carbon Electrolysis/ Diesel -47.6 (X@ Jf—FFo)ﬂﬂo)GHGo)E
electricity mix [dco2&2|crE)
Carbon Captured carbon Captured carbon LNG/methane 97
Zero-carbon Fossil Natural gas Hydrogen 132 <_|_ can have a hlgh co2
Zero-carbon Fossil Natural gas Ammonia 121 <_I_ Intensity upstream I_f
. produced from fossil
Zero-carbon Fossil/renewable Electrolysis/ Hydrogen 3.6 -
electricity mix ydrog ' fuels such as coal, oil
Zero-carbon Fossil/renewable Electrolysis/ Ammonia 0 or natural §ds. (IEA

electricity mix

|*| The ieoiraihical scoie can be aiilicable to each fuel.

report for G20 in Japan)
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e 2C + 0. - 2CO (A=) e
B EERIEK I - : i : ALK (LH:)
= 4.1 CO + H:0 - H: + CO: (YIJhKIN(Water-Gas Shift)) OG- LT i

WGSICIHER KL BARKIEIC KW LG, KEERBUEILEDCO..NEIE
IE U TERIND, CO:[EEIRE N, BIREICHEBETEIN S,

EAEETAET R L RIKEEDTZKERR (77IVAVEXIIPEM): AT (L)
M. kER 4.2 2H.0 + electrical energy - 2H: + O lBOGlg,:'l;k*sl'tsz{EFH
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WiTHILEREICH T BRR:

1. &/ ODCOZHFH:”?%LL

EEVIEBREDS TOCRICEVWT EHEBEEZE KW OBRF(RAD. BRRE. EMNXIZFBEADR
REN)ERFEUVOIAT. FNEFNOTOLRICDVWT 2030FEEF TCOREEZERBULLHILRE

1_L7é_fLFﬁ o
2. OV TOMDIEESE
INTD JOvzzyo I\b\\2030$35-( [C j)l/ KFRIRIGTCC Not available 40% (HCVAR—2R )"
B9 5 S AB5E, 2030E % Tl PN S

7ILHY)KER 4.5 kWh/Nm? 4.3 kWh/Nm?3
FHWXELFH ° PEM/KE#Z 4.9 kWh/Nm? 4.5 kWh/Nm?3

=T RIRENCO. FBRHRE
3.7 mﬁ%ﬁﬁﬁl S ETRUT 0.98 kg-CO,eq/kWh 0.5 kg-CO.eq/kWh
75> I\L 9540) %?( 3. ZIKLC AD ) :FAFMWEM 0.68 kg-CO.eq/kWh 045 kg-CO,eq/kWh

NI =& T B 0.441 kg-CO2eq/kWh  0.370 kg-CO.eq/kWh
o
*1 ZKFRIRBIGTCCORIZEIF. CCSIC LD CO, BRI % EFEE LI=AANDETT
4. /\‘47]'%**4 I TN BEEEHI40%  HHVAR—R) E17F,
[1)

INAARBHE DUV TDLCAIEEREL TULVERL,




4. KEMFILCA-4.1 BRAFELH,-/\1OvEE O T
Status of the Pilot Demonstration Project: Hydrogen Production

Courtesy : HySTRA,J-Power and J-Power Latrobe Valley
Hydrogen Production (Australia) S

S —— - PR e | y
T - ARBEE et | Y B o
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i ke, .
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- 3 . _ &l = % | { |88
e o s | Chpe il |
M, S L S f--'}r. ) / =
7 S - Brown Coal | £ 1 A
EER G |, R Hydrogen Production Plant, &

J-Power and J-Power Latrobe Valley achieved

High purity, 99.999%, hydrogen made from

Victorian Coal.
Ceremony was held at Latrobe Valley on 12th, = | /##"
March, 2021 for this monumental world’s first

success.
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Specification

Length 116m Speed 13knot
Width 19m Cargo 1,250m3
Crew 25person | Propulsion Diesel Electric

[
i
o

LH. Carrier, Loading and Storage Facilities

LH. tank being installed on LH: carrier




4. XEMFILCA-4.1 HBERAFELH,-/N\IOYREIETOI TV
Steps in Scale Up of Hydrogen Use and Transportation

Technical Demonstration

Production ‘N

Hydrogen production and
liguefaction

Transportation

Liquefied hydrogen carrier

Storage

Liquefied hydrogen tank

Utilization

Hydrogen power generation
and mobility

£ Kawasaki Heavy Industries, Ltd. All Rights Reserved

Commercial Demonstration

v ~emp A Transportation
" Volume

28,000t/y

“(provisional value)

(Y

o

Supported by

Commercialization

Transportation
Volume

225,000t/y

Green Innovation Fund

2030

B K Kawasaki

Powering your potential
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1. ~~|\Iui IKBREER DB RIRIEIRS (NEE) sk & R1E - %atHFHODEui ﬁ’ﬁ
0)290)#4#73\552:,5&0 AL KFEHRINATSA 2 8KIN

T4 RUBERBERICK U ER.
2. WB:;Eﬂlr'\t/qJé@COZ,\TEEﬂ’r FDRIDCOLINA T4 U R UHER AL
CarbonNet*|C KU RERINSFE,

Australia

* CarbonNet 7OY T I ME EMDE TR 7INICEESERIED R EURETE (CCS) RV T —IZHII T EZBNELTVS, CORYMT—2(E ETRIPZINDOSO— TN —[CRAEE <R BEFED
SEURENTCO & MT/INA TSV ENUVTNRBEEDA T3 PRrB YA MMIHiG. TOJ TIME2030FE X TISERMEIREICR D T E,




4. (NERFEILCA-4.1 18k AELH,- B R & EHRFHRLR B

AERMG
=21 T=R2 —23 (B%)
238,500 ton/year (BB L&hHXa1F)
LH:EEERR RS EED IOV T M EERL TRE (X511 1628)
- = ek FERUVEEREE(QV/INMMRTA1I)L): =
CCS[EX=x 90% 95% N/A

| sy s—=z2 | 23

BRAEEDCO. HrtRE

[kg-CO.ea/kWh] 0.134 0.068 N/A
RIBEBEHDCOHEH BB DEHE () RIEBHDCOHEEEEA (B E)

BAICKTS SRR DCOBREREL

- ZIREHDCO,HEH E BT
BERRETRILF—DLEERN [kg-CO.eq/kWh] [kg-CO.eq/kWh]

- 2020 2025 2030

0.44 0.41 0.37 =3

2019 2025 2030 2019 2025 2030
(b) () ) (a) a X (1 -0 | ax(1-d)
~ 1-b 1-b
V|_c_tor|a o) o) o)
=M 22% 50% 61% 1.02 0.65 0.51 *1 HFT: Australia's emissions projections 2021

WAWEM "2 0 0 0 *2 WAWEM: West Australia Wholesale Electricity Market
s 15% 37% 45% 069 051 045 2WAWEM: WestAustalia Wh

13



4. KEMPILCA-4.1 18k AFLH,- O ABHSE (T —2X1,2)2030F 8 E

-

Sea water Air

Power Generation Plant |Electricity from
Electricity (Mining site facility) Power Grid

Fuel oil*

Electricity

Desalination

incl. WGS, Combined Cycle Power Generation
Gas Turbine/ Steam Turbine

|

|

|

|

1

. |
Conversion !
|

|

1

|

|

|

__________________________________________

H, transporte

Brown Coal Extraction

Electricity from

Power Grid .
Fuel oil*

Unloading /

LH, storage/
Loading

;Domestic Transport

.~ /bunkering:

Ha-

via ﬁ)ipeline Storage/ Large-scaled
| : Loading . LH, carrier | ; fuelled
! i : : i : ship
1 1 1 ]
| qE 1 11.7BOG____L___Shipto
Conversion I ___________________:___:I_ _______ HE i used as H Ship
incl. WGS, ! BO% ! i fuel i bunkering
" | I
(8 RATe CO, Transported via a ! ?j:l & | i
' CO, Capture/ buried pipeline . ! ! i i
i Dehumidification/ Geological ] i i
i Compression Sequestration || i i |
|
1 T | 1 1 H
{ Indire CcCs '[CO, deducted]: ' -
1 A 1 * *
lemissions SESEESESESRERSSEES 0 e ¥ St =
i from o~ o i Injzcted deeg CO, CO, CO,
I electricity > Trom materia ' Indirect ! undergroun .
{ ; i — i EOZ H; emissions ¥ Indirect Ind!re'ct Indirect
CH, CO l . on- Loss in from  CO, emissions emissions  emissions
4 LU2 ' CO; from energy captured louefaction _ electricity from fuel from from fuel
' - : consumption electricity  consumption

* Amount of Hydrogen BOG is not sufficient for international voyage, therefore additional fuel oil is needed.




4. KEFILCA-4.1 185k HAFLH.-GHGHE & AL BB DT T A IV ME & DELER

g-COzeq/MJ *
BIREELH: OWtTZLSFORHEEMR) -LNGDT IAIVE | o9 drart LOA guidelines (SWa-GH T1/2/3) €O,
1|E(WtW\ LCAHARSA );#;[:Ej<) ttt%‘z U=, 7J<§0) CH, and N,O are included in the calculation. F--=
TIWBFEEF T ODT8H . BIREELH: OWtWIXLAED | 80 . i
WEW U AIRISDAL, 60 . .
2030FF TICABRET S RHTOEEEEEL, 2030 . T
FEICHATRERREDEMEERTIREELTVND, ZDRT | 40 ] Lo Co
RC.T—RATOWLT(=WtW) &, CCSZFERE I RME 20 1 — - A
EEALET—2Z3(BEE)D294.1 g-CO:ea/MIH5, -
44.7 9-CO.eq/MINEKIRICHERI NS, 0 Case 1 Case 2
2030 On-site 2030 On-site LNG LSFO
powecrcgsgrg)eo/ration pow%rc%zr;%/ration (Default*) (Default*)
1. Brown coal extraction 0.2 0.1
2.Desalination of seawater, 3.Water transfer 0.3 0.2
. Brown coal pre-treatment, 5. Air separation, 6. Gasification, 7. Conversion
incl. WGS, Gas refining, 8. CO; capture, 9. CO, transportation and compression, 12.7 6.5
10. Others
11. CO; injection 3.0 3.1
12.Liquefaction 8.5 4.3
13. Storage and loading, 14. International transport, 15. Unloading and 16 15
storage, 16. Domestic transport, 17. Bunkering ‘ ’
Emissions from material flows 18.4 9.2
WiT Total 44.7 25.0 18.5 13.2
TtW Total 0.0 0.0 57.9 76.8

Case 3 (reference) 100% Power Grid electricity, no CCS: WtT emissions is 294.4 g-CO,eq/MJ




4. KEMPILCA-4.1 1Bk HRLH,- O XA BGHGHILE(T—X 1) (g-COa/M)

Emissions from On-site power plant
(supplying the electricity to Processes 2-13 of the Energy emissions
hydrogen production plant and the electricity to be that cannot be N
[ Energy flows ] cor{sumged bpy Processesp2-10 of the power pla):\t itself) | supplied by on-site eite] Note
Brown coal-derived CO, ower generation*
Methane leakage (not captured in Process 8) i 7
1. Brown coal extraction 0.07 0.15 0.21
2. Desalination of seawater 0.28 0.28
3. Water transfer 0.04 0.04
4. Brown coal pre-treatment 1.33 1.33
5. Air separation 2.89 2.89
6. Gasification 0.11 0.11
7. Conversion incl. WGS, Gas refining 2.32 2.32
8. CO, capture (mining site) 0.85 0.85
e COZ tra.nsportation and compression > 87 587
(mining site)
10. Others 0.7 504 532 Fuel for On-site boilers (gas refined
from brown coal)
11. CO; Injection 2.95 2.95| Grid electricity (Australia)
12.Liquefaction 8.53 8.53
13. Storage and loading 0.23 0.23
14. International transport 0.78 0.78| Fuel Qil for H, BOG shortage backup
15. Unloading and storage 0.54 0.54| Emissions from grid electricity (Japan)
16. Domestic transport, 17. Bunkering 0.07 0.07| Fuel Qil for H, BOG shortage backup
Total 0.07 19.9 6.4 26.3
[Material Flow] Emissions from hydrogen productio.n plant |
Emissions from brown coal in hydrogen Methane leakage Brown coal-derived C.OZ Vet
sradicon sl (Items not recoverable in 8)
0.06 18.3 18.4

Total 0.11 38.2 6.4 44.7




4. (KEPRFILCA-4.1 $BiREZELH, -8 7Ot R ICBIF B3 IRIVE—HEIC L EWTHILEENES

JOEABDIRIVF—HEICLSGHGHIEEZ G
ICREDEMTIE.T11. CO: InjectionlZEFR<Y
NTCHOTOCRATERFEBULEANZFERALTLSEN,
Egmtzm%@%ﬁ%t:&3T¢3Fm%0}%Uél¢li(&‘59&

1. AREROSRRICEMZERLUTE. HajiblEE

JOCXROPTHREENEHET D,

2. CO.DEYR., IN TAICLDEENVEADIE

T IRIF—HEICKLDHBELEDNA4 D1 Z 55D,
3. INSDHEEZ I SICHIRET D720 BEREE

ITHRIVF—ICKBDENDERNINREERD,

4 BIDRATARTRUE. RES KUEEEBTA N TOES

HEICKLDHELRE(19.99-CO:ea/MJ) 1E. KFEEE

DOXTIU7ILoO0-—NH6DHE=ZE(18.39-CO:ea/MJ)

EIFIFRU &> TS,

13-17. Storage 10. Others, 1-4. Brown coal
and loading, - 9% extraction - Brown
Bunkering coal pre-treatment,

6%

7%
ration
incl.

ession,14%

N

Injection,
11%

Case 1: 2030, On-site power generation, 90% CCS
Percentage of GHG emissions from energy flows
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o o Electrical R (( Wind
4 Sl Power Iine Water farm
. H, liquefaction or | c|ectrolysis
NH; synthesis plant plant 7 ﬁ
k | N

A H, Pipeline
, e Storage & o
= ¢ . A offloading Desalination

b,
| TR

N\

T g { &0
A BT
\ "i eanl | L
0.4 -
it

Electrical
Power line

: = S A Fresh water
7 Vietnam lldi- lippines depOtS plant Plpe|lne

- S b "
it Y. Fva-d_r:l.i_l‘ted States . .o " Marcha J
Brunei . of Micronesia 3 S
- L] & 2

TR Malaysia SN R T Distance: App. 150km
ain:;apar\ : : . - 0 6 LHZ or LNH3

Indonesia

: » @ Transport to Japan

IKERRICELBDLH: XZIELNH: OB HRRLZTOY T I EFRRR
BRFTEICED<SKEDTIERL BIFDT1IET A RITAICE DL, &
MIC HIRAEFRZIENH: SR D72 DEEET 1~ HXU KERERANFE
BDZHDABETARD2DDTARNHDEARE EH A ML H TTRINA
TIA D GKKINAT S BREBIRCTHERSN TS,




4. KEMFEILCA-4.3 KEFEICKLDLNH; -ABERGEHER

EN =k
NH; &E=[t] 900,000 "1
BB () Wind 100% Wind62%+Grid38%
ENDZEZEILIBE NO Yes NA
KEEEAT PEM Alkaline Alkaline
EAFSHER 5.18 kWh/Nm3 "2 4.5kWh/Nm3 4.3kWh/Nm?3
RIREHDCO, HEHFE (L . : Australia © 0.45
[kg-CO,eq/kWh]*3 Japan : 0.37 Japan : 0.37 e 2 057
fEER
EIFREEBF DDA NH; and Fuel Qil only for pilot injection
HWEHE=
[billion kWh/year] 126 106 106
B TRILF—LHZVUDCo.HE
[g-CO.eq/MJ-NH;] 0.81 114.9
1?5‘5‘&%%) 275 233 144

MEEEE REAPTDOREESE(ICERE S8 "Renewable Hydrogen and Ammonia Feasibility Study by GHD for BP Australia”
https://arena. qovau/assets/2021/08/bp qhd renewable-hydrogen-and-ammonia-feasibility- studv pdf

*2 Casel (E Eaégz?xﬁlﬁﬂ%b\mv = HPEMDEFRNEN2030FEDFEEHL SH15% BT D EMRELT LD,

*3 AT1K 1888



https://arena.gov.au/assets/2021/08/bp-ghd-renewable-hydrogen-and-ammonia-feasibility-study.pdf

4. KEREILCA-4.3 KEARRICKLBDLNH; -TOEIEIEER (T —2X 1,2,3)

. _ Electricity f Fuel Oil  Electricity from Fuel Oil
Wind power Air ectricity from (Pilot) Power Grid (Pilot)
Power Grid"3
Seawater .
International Domestic
[ Battery for electr|C|ty } ___________________________________________________ Transport
buffering™ | Electricity /Bunkering
__________________________ | | BOG used
. as fuel *2

H. Liquefaction
Compression and Storage

o, NHg‘

H>

I . o H I

 Desalination ! N2 Nl NHs |

| L and H, | Synthesis |

| ¥ | I

: L N, HP Steam : 1 [

! o : LP Steam """ :

| ~ 1 Compression H I I Indirect I Indirect J Indirect

| Water electrolysis|: | 2 5 | | emissions | emissions j emissions
: (Alkaline/PEM) |! | octrici ORSlr | | from fuel from i from fuel
I ! i orodut Electricity (.3enerat.|on | consumption electricity consumption
' Hydrogen production |\ Froduction J (incl. boiler) J * * *

- Ammonia production CO;, CO, CO,

*1 Only in Case 2
*2  Ammonia BOG is used for international and domestic voyage. Fuel oil is used for pilot injection.
*3 Only in Case 3




4. AEBIEFILCA-4.3 KEREICKDLNH; -GHGHIHEE S EAEMBDT T4V MEE DELE

L TRTHEARIXLF—mRENZ100%EALE |0

me WITHEHE(30.8 g-CO.ea/MJ(T—2X1,2) &7 * T_hdisldefal(Jllg\\//\?(I;u%iHséa1I<1e/r12%(;m the draft LCA

D BID—BERKEBENTHETIHE. BELEIET guidelines - :

S MBS KIBIZ BT B (T—23)s F I MEIC |

DVWTIEX BERBEIRIVF—AHREANT100%FEARFEE | 5 FTEW !

IR RRENERRCHRICEREINTEEZISND, ===

T—R1 Tl BECEE (TREMLF /U9 EFERE | « P TtV

9 BEREIRIVF—IC LD EBINIENEFERTDIE E
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1. Desalination 0.0 0.0 0.1

2. Water electrolysis 0.0 0.0 106.2

3. N, production, 4. N, Compression, 5. H, compression,
6. NH; Synthesis

7. Liquefaction and storage, 8. International transport,
9. Unloading / NHj; storage / Loading, 0.8 0.8 0.8
10. Domestic transport / Bunkering

WHT 0.8 0.8 114.9 0.0 18.5 13.2
TtW 0.0 0.0 0.0 0.0 57.9 76.8

0.0 0.0 79
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*BOG of synthetic methane is used for international and domestic voyage. Fuel oil is used for pilot injection. CO, emission by the onboard

combustion should NOT be counted, but only the methane slip emission should be counted.
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Synthetic methane (Dlél;lailt) LSFO (Default)

1. CO, separation, 2. Liquefaction 16.5
3. International transport (CO,) 6.5

. LCO, Re-Vaporization, and Synthesis and Refining for CH, 0.0
5. Methane liguefaction 0.0
6. International transport (CH,) 2.6
7. Unloading, 8. Storage, 9. Loading 1.1
10. Methane transportation (domestic) 0.0
WHT 26.8 18.5 13.2
TtW 0.0* 57.9 76.8
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LSFO-Default

LNG-Default

LH, converted from
brown coal (case 1)

LH, converted from
brown coal (case 2)

LH, from electrolysis 0.6

(case 1)
LH, from electrolysis 0.6
(case 2)
LH, from electrolysis
(case 3)

LNH; from electrolysis ¢.g
(case 1)

LNH; from electrolysis 0.8

(case 2) 114.9

LNH; from electrolysis
(case 3)

Synthetic CH, -
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[at least XX%] lower than for LSFO?
(see para.6.4 of ISWG-GHG 11/2/3)

|

LSFO-Default 90.0

LSFO (URFREEH) DT J 4L bWitWHEL
SEIERT D&, miBARDLH, TlE72%.

LNG-Default 76.4

LH. converted from
brown coal (case 1)

LH. converted from
brown coal (case 2)
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KERICLBDLH,ELNH; TlE99%LL k.
BERXY I TIET0%E<E>TL\D,

2030 F £ TCICERENRIAEN D KRR
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(case 1) - — 47 = Ty R INF M GETT A
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? (casz 1)| 0.8
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(case 2)
(case 3) *BAERDGHGT YA RIZCO,DEIREME FENBIEA.
Synthetic CH4 26.8 * TtWHH:H%II-E“D (SF=O) (\:aj‘fd::\_néo
0 20 40 60 80 100 120 (9-COzeq/MJ)
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This disadvantage can only be overcome by using renewables or

nuclear as the initial energy input, or equipping fossil fuel plants
with CCUS  (ieA report for G20 in Japan)
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fin® (kn)

FREEEEE

HEEHLRS
BOGKHARLHESZ

pro INA O MR

[t/fniE] BMEH(MGO) HE=
AFURY S
N:OHFHE
BOGHARLEES

P INA Oy SR

[t/fiiE] MEH(MGO)HEE
AXGIZN)YF
N:OHFHE

GHG HEL£E [9-CO:o/MJ]

2025

238,500
226,181
160,000
2

16.0

10.7

Steam
Turbine

287 of H-

908

287 of H-

908

4.606

2030 2025
238,500 158,824
226,181 147,885
160,000 160,000

2 2
16.0 12.0
10.7 7.2
Diesel Engine Stea}m
Turbine
287 of H: 382 of H-
151 97
287 of H: 382 of H-
151 97
0.768 0.503

2030 2025 2030  20g>and 2025 and
158,824 900,000 900,000 54,458 150,000
149,157 900,000 856,762 52,583 150,000
160,000 83,000 83,000 19,000 10,000

2 2 2 1 2
12.0 16.0 16.0 12.0 12.0
7.2 8.2 8.2 6.4 7.7
Diesel Engine Diesel Engine Diesel Engine Diesel Engine LNG Engine
293 of H: - - 146 of CH. -
- 69(MGO) 8(MGO) 10(MGO)
- 742 1545(NH:) 174 201(LNG)
- - - 1.1 1.9
- - 0.8 - -
293 of H: - - 146 of CH. -
- - 41(MGO) 8 8
- 515 1088(NH:) 121 142(LNG)
- - - 1.1 1.0
- - 0.5 - -
0.000 3.953 0.734 2.563 -
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Fig. Well-to-city-gate GHG intensities of natural gas supplies from individual
fields to China using 100-year timeframe global warming potential (GWP100) *
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* Source: Yu Gan et al,, “"Carbon footprint of global natural gas supplies to China”, NATURE
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Fig. GHG Intensity of Australian and International LNG Facilities *
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