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Figure 2.12 = Emissions reductions by mitigation measure in the NZE, 2020-2050
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hydrogen production [1, 2, 3]
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228 Hydrogen-related projects announced for hydrogen economy
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Projects per region:
126 Europe 0
o
46 Asia .
24 Oceania , .
L
f
19 North Amesica f &

8 Middle East and Africa
5 Latin America

.; . ‘- ' @ 90/Large-scale industrial usage

@® 17/H, Production (> 1GW)

@ 53/Transport
@® 45/Otherend-uses
® 23/H, Infrastructure
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i ;': 'I !
°n S
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Vi @
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%’ ; i
' >50% in EU

Hydrogen production: EU, Australia and so on
Fuel cell: Korea, Japan and so on

Hydrogen Council, Hydrogen Insight (2021)
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Hydrogen price from electrolyzer

6

5
~
=
&
o
& 4
¥
o
s 3
g
=]
e
o
c 2
e
s ]
== i == —

0

& & ch 5 & %
o
& o e !
© \Q‘l} v O .0 i e 9 o
& ) ol 8) o
65‘3 FL & & &
49 '\'\0 4§

International Renewable Energy Agency (IRENA) (2020)

[> 80% reduction in price

28



H7| =3l (Electrolysis) =2l 4t 2AEH Mg H| W

- Alkaline electrolyser PEM electrolyser SOEC electrolyser

Electrical
efficiency (%. 63-70 56-60 6774 74-81 77-84 7790
LHV)

EAXIZ 0] 2, SIA] CAPEX o

PEmEng 1-30 30-80 1
. pressure (bar)

« Alkaline: USD 500~1,400/kWe,
Operating 650
t t 60-80 50-80 -

- PEM: USD 1,100~1,800/kWe, i B
Stack lifetime &0 000 30 000 100 000 10 000 40 000 75 000

. SOEC: USD 2,800~5,600/kWe B ‘ B e I
hours) 90 000 90 000 150 000 30 000 60 000 100 00
Load range
(%, relative to ~ 10-110 0-160 20-100

% O | EH _Q_l gl g —}Fﬁ\_ 7 Z'I 7o=| XOH é! nominal load)
Plant

> 6_:]I AI_| &I 7 | % 7H I:él- J_él o fm;tprint 0.095 0.048

(M~ kW)
Electrical
efficiency (9. 63-70 56-60 67-74 74-81 7784 7790
LHV)
CAPEX 5?0 1 1_00 2?0 2 E_DD 8?0 5?0
(USD/kWe) 1400 1 800 900 5 600 2 800 1000




Alkaline Electrolysis(AE)
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the European Enemy Transition,

/ g—pg B
o At mra) [
& - 5 e
= = 24 [RIRH

( 2020 - 2024 )—-—( 2025 - 2030 )—»—( 2030 - 2050 )

FUAT W, 4071719t (GW) 7 22 BYS 2B @0
6717194 (GW) 7} 2.9| UMY electrolyseniitl  BUEIH worHojmay,
WY (electrolysen* 1] HO 1HAE FRo| RE 227} 0242 ¥oiop
HO 1MMEC) PAAEY WSS $au44H 7S RS B8

$2BUXH

EU 48 38 3EA A
33



2ol A, FaouX|o] ABSH 0| F25104, X|t 80OHATHFE CHAMOLAX] JHEof| BRI Ttsll S

Taddd HEHS flet D2UALAUEHTIR) 44 H 28, FHE A=TX|0f tiet HAES M= 43

HAZ gy, ASAE (2 AHO|IME 2 5740 2YSIHAM “$20|8 IH Z2I0LHX] Al
=

AHP J|SIeE 26l 20207k K| 2491 Bl XL

M A8 FHl 4
(T2, A 7k 743)

COz =g &
(gt xCccs, A4 = 88)

Ig
=
A}‘% (ﬂ*}ll_) (2320} . - 7&;‘3};_ u] .LfilL
T 0.02¥IE —> 0.49+E > 30% - <1,0009tE + a A4 7k gl
(& 22 11:_%.&}37“::—_[?1 ) 8,500%HE/d
Hl2 ~100%0/Nm? > 30%0/Nm? 20%/Nm? Al 7h 59) 713
(=x2 712) (1/3 olsh) (1/5 °]8h 16%/Nm? *
— *pade FARA
- 5> 1791&Wh __, 1230kWh R
ks )& 7 <D ) Fhn shed A o LNG sh=jebd v}
A 24 WA A%, 834 AN 97 A2 4 (RS A e @ #2292 soo-1.000aes 12WKWh
ubel 948 1OV S T §FI5-aW Y= 3} ubg 4]
ZER SR 132GW
- G (2020) (2030) i
g,}?l\l & 10071: —> 16071 — > 9007 Agg —> I%‘:_;j ?ﬁ‘i‘:ﬁi jﬁs;j;ﬂk
=N *
e E—i @D 20000 — a3 N> soud
2] TEEICETRCECELCED> | A3 Zcﬂﬁ;‘;};}%:‘n}i :
R e
B &R 20— 10000  —y5050 > 1,200 aewes aa SR
40tﬂ —> 5004 Aol il 5 18k o8 x%o] FCBH
FC \ P, -
L EEE " 718 SolM 71& i
g8 emb 22nm1 A9 > B30 —> 5 aas g | D300 4 y

AR AASAALR2019), FAFA 4% 2= £ AT o)A A8 Y9 Fa|EAF 9| ‘pi - ARHA AF 2EH AU




selLate] 32 21M7] I7HdMe] XISdES I3H ‘TG L oiUX] A=EANHT S Dt
T U= X5 Jise dHX[A iR HEE £ ‘F2FMH 29| oiLX] michy B =7

#HEollu| x| chd| B|F
L 4 (MER HE He)

35



F

O
o

_l

X
L

_I

A
o

« AKX =20 FH|

_ > 410
L S K0 Jo0 |._I
ol OH =< ol o N
O =< E_ul_ﬁlu_._AI mﬁ
™ Q_o_._.___”_ 70 HiA| —
ni0 ol = 0= K
11 X! ._._Al.rom_
E[o Mqu ﬁo“_u_._ OI_
™ ._o,mm Dloﬂ:_._._. 1]
2 B A5 |
~ Ok mju 1 =qp K i
x = J_A.._WFLu <
- Iz FRET 4
< N = <2
T BS RKegdn L
B o|ﬁo| Ma_.A_n_._._ —_—
ol KF ol SR X
- = — K X0 =, =051
N o —OH LT =
Moz oAl SR ) o
& - MRS Yool KF
B 2 RO By —
oI ._+.A_._._ mJI_AH_.A 10 A._lAn_ Io_l_
o < ~ Ol a_uA_lo|_A_| <d
=0 < O.__”__.._._g Mm_.ﬂﬁw_._._._
o o giokar S S <
RO Lol o< <k
— B % HO0EK .
= X00of ._._A.__._._ .__Au§=_L|_._._ M
HAR0Td__ < = N0 -

00 JUrg = o
gl wgrgpmo  doll

o

—te TALILI
A_lo__.A.__lm_lA_lﬂ o) Wo
o]
AN
K

AT
[}
K —, X0 ™ Ho
20 ey
DT e T
o 4 T ko — =
RO<F 570 =5 o

o1 oo <4 9% o oo X
S <k Sy e RO T

= w00 o
ol e O

8r  WON g

)
el
0
H-—

o Ol_ Ool_n_l__H|ru_LH <
_ALNNM._HNMO_._.__“_._ ﬂ_A._W#i_. A._
7 77 Il < o1 k%70 =

SSp==R8 <} wuwE<
HETFTIHST K B <



Electricity price USD 40/MWh CAPEX USD 450/kW,
10 10
o
Z
& 8 ——USD 100/MWh
= = JSD 650/KW,
- USD 80/MWh
| JSD 550/kW, 6
——USD 60/MWHh
~USD 450/kW, : -USD 40/MWh
—JSD 350/kW, e S D 20/ MW H
——USD 0/MWh

~——USD 250/kW, 2

0 2000 4000 6000 8000
Full load hours

Source: [EA 2019. All rights reservad.

0 2000 4000 6000 8000
Full load hours
Motes: MWh = megawatt hour. Based on an electrolyser efficiency of 6g% (LHV) and a discount rate of 8%.
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Carbon Capture, Use and Storage (CCUS)

DRI, Direct Reduced Iron - XK H

N, +3H, — 2NH; +100kJ tDL|OF A AL B}SHAL

CAPEX(Capital expenditures) - 0|2 2| O| =2 &&=5tH7| fI8l X|=

OPEX(Operational Expense) - 2 @H|2 L= G H|E
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Large-scale SOEC demonstration:

15 kW Integrated Laboratory Scale test facility at INL
* Initial hydrogen production rate > 5000 NL/hr
* Demonstrated heat recuperation and hydrogen recycle
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Non-renewable
sources

Material Sources for Photonic energy
Hydrogen production
El

ectrical energy Biological energy
'\-._,_\_\_‘-\-

Renewable
sources

Energy sources for
Hydrogen production

~_
Mechanical energy Thermal energy

ZX: Energy Conversion & Management, A review and comparative evaluation of thermochemical water splitting cycles for hydrogen production”, 2020. 3
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Production cost of hydrogen === Average location e s Optimal location
RO e USD/kg
N \McKmsey 6.0
Council @ &C ' - .
¥ - = Breakeven between gray and renewable requires ...
2019 average
location .
5.0 ~065GW of electrolyzer capacity
40 H,_)ll}bll gap to be bridged
=M 8f b 9| ChE MW 0|4 ->
Y., . A — —
3.0 AX[CHESIE > A = M2t X EHe
20
Renewable
Low-carbon
10 L Gray
Hydrogen Insights
A perspective on hydrogen investment, | | |
market development and cost 2020 2030 2040 2050
competitiveness
February 2021 — g Renewable hydrogen Low-carbon hydrogen
+ Dedicated renewable/electrolyzer system = Development of CO, pipelines and at-scale sites
+ Fully flexible production « Scale-up of low-carbon hydrogen production
+ Scale up of renewahle hydrogen production * Scale-up of CCS outside of hydrogen production

« Additional costs to reach end supply price

Key assumptions
* Gas price 2.8-8.8 USDVMmbiu
* LCOE USDVWWH 2573 (20200, 1337 (2030) and 7—25 (20600
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*) Section 40315, Bipartisan Infrastructure Law (2021. 12)

**) US DOE, Energy Earth Shot Initiative (2021. 6)
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Al 2H[($/kwW)
M 6H§%(kWh/k9'H2)
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CAPEX F=HM™714,

—a
—

UsSD/kgH.
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15 +>
rx

o|8&0| ME
THol| =& YMUTIL AS

a2l 15%, @3 85%; CAPEX 149 &/MW

Electricity price USD 40/MWh CAPEX USD 430/kW,
10
$6dkg
with 15%
8\ Avallability
=50 100/MWh
—USDEIRN, of Solar in I(orea o
=50 550AW, 6 $00/MAR
=30 60/MWh
USD 450, LD 40D
4
= USD 30 K — 5D 20
SO0, k e 5D MW
; = with 85%
Avallability
2000 4000 6000 8000 0 2000 4000 6000 8000 of Nuclear
Fulload hours Full oad hours in Korea
Notes: MWh = megawatt hour, Based on an electrolyser efficiency of 6% (LHV) and a discount rate of 8%, ($50/MWh)
IEA, The Future of Hydrogen, June 2019
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Hydrogen costs from hybrid solar PV and onshore wind systems in the long term
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IEA, The Future of Hydrogen, June 2019
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Cost of shipping liquid hydrogen across regions, 2030

USD/k o

9 Saudi Arabia  Saudi Arabia

Source and expected cost to Germany to Japan 3T

level of low-carbon hydrogen 34 [ T

in different regions 20 e o5 0.2 -

s | 1

B Froduction Clean  Ligue- Shipping Import Caostat
production faction terminal  harbor

and

export

33
Chile to US —— ]
27 .
st at

[ ] Co
-_ Cost of shipping’ harbor

Cost at : LNG: ~USD 12/MWh )‘

harbor B Optimal renewable and low-carbon LHZ: ~USD E0/MWh

i ) ) o . Optimal low-carbon resources
1. Includes liguefaction, terminals, and shipping

SOURCE: MeKinsey Energy Insights I Average low-carbon resources

) A
. o.— .— [ Optimal renewable resources T

[ Average renewable resources

3.7-4.38

- 1.0-2.0

(if necessary)
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2. XN &H7ts BE2 0 9=ek8 9 Hydrogen Shot Initiative)

National Strategy
and Roadmap
Clean Hydrogen
Standard
Hydrogen Hubs
Solicitation
Electrolysis RD&D

Due within 180 days

Manufacturing &
Recycling RD&D

2026

Ongoing analysis: supply, demand, emissions, Update National Continue to refine
jobs, infrastructure, policies, investments, etc. Strategy & Roadmap and iterate

DOE, in consultation with EPA, to assess Clean Hydrogen Production Qualifications and update Standard
within five years of enactment

Select at least 4 regional clean hydrogen hubs within 1 year of proposal submissions and execute.
Total $8B from FY22 through FY26

Additional electrolysis and related RD&D. Total $1B from FY22 through FY26 Meeéliglr(glyszi:mm

Additional Manufacturing & Recycling RD&D. Total $0.5B from FY22 through FY26

Hydrogen Energy Earthshot
'21.6  O|HX|E “Hydrogen Shot” &%
'21.12 1=t & MY
'22. 1 OCED(Office of Clean Energy

Demonstrations) 214 (215 E{ Of A
0 I B =458, MY, CCS, MR,
S1 for 1 kg clean hydrogen Hi=X4 )

in 1 decade

“Hydrogen Shot”
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§I_ E ( nl % 7I_ ﬁ E) Reactor containment vessel —~ Hydrogen production system
905°C Isolation

. “Ef7f*2}(800~9500C) Ao T
- K& S 7171 = (800~900°C) | ﬁ'ﬁ
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Process gas (H,, CO)
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585°C Steam superheater
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& B'| Reaction
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= OH @ﬁ' 7 reformer Feed water
AL -+ AL 880°C
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irculator
O:l —_] = = A AL (30MW) circu
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» 3 step cycle(S-I cycle, 900°C) o
» 4 step cycle(Fe-Cr, Mg-Cl, Cu-ClI cycle, 650°C) QL Reverse Deacon reaction
—|‘ ClL+H.O — 2HCI+10, -
Water ,,_,J_L_,‘ _T=650°C___—~ t
y // " T N - Hydrolysm
’,»’/ /" \7 1 & y Thermal decomposition ™, 2FeCl,
o { 4L 2FeCl. 2FeCl,Cl 4{:[ | 3FeCl+4H,0— Fe;O,+6HCI+H, ,,3'
{ T > 800 °c ' T<120°C T > 300 °C \; T=a25°C / 2HCI |-.jl:.:“\‘.‘*“-“,_;¥_ S /,
Oxygen *IH25044'502+H20+‘/202‘ P I - Hydrogen i \Ali o [ amosrec ) *—;,;.ﬂ\t
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Nuclear Power Could Produce a Third of U.K.s Hydrogen by 2050

Ronan Martin

OKG signs hydrogen supply contract

20 January 2022
< Share

Swedish power company OKG AB has signed its first contract to supply hydrogen
produced at its Oskarshamn nuclear power plant. According to the agreement with
0], 1 LR cETY.: Bthe first delivery of hydrogen produced with fossil-free nuclear power will
be completed early this year

SE o7
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Project Final Report
Konor Frick, Paul Talbot, Daniel Wendt, Richard
Boardman, Cristian Rabiti, Shannon Bragg-Sitton (INL) Electric Transportation Applications
Daniel Levie, Bethany Frew, Mark Ruth (NREL)
Amgad Elgowainy, Troy Hawkins (ANL)
July 2009
September 2019 The Idaho National Laboratory is a U.S. Department of Energy National Laboratory
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ent of Energy National Labor
y Allan
Idaho National
Laboratory

18




WH 4-loop § 2 CHat
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Figure 12. General energy and product flows for the LWR/HTSE integration case.

Carbon Dioxide
s Cmitted
Steam @ 285°C 0 kg/s

Table 3. Hydrogen production summary.

Description Unit Value

Input

Reactor Thermal Power MWt 3411
Outputs

Hydrogen kg/s (tpd) 7.775 (671)

Hydrogen Production Efficiency % 329

Power Cycle Thermal Efficiency % 32.7
Utility Summary

Total Power Consumed MWe 1065

Electrolyzer MWe 956.3

Pumps MWe 0.1

Compressors MWe 82.5

Topping Heaters MWe 26.22
Nuclear Process Heat

Total Nuclear Process Heat MWt 108.7
Water Consumption

Cooling Water for HTSE Process kg/s 1958

Water Consumed by Electrolysis kg/s 66.1
Carbon Dioxide (CO;) Emissions

Emitted tpd CO, 0

Nofe: The reported values are based on the plant’s nominal design capacity—i.e.. an OCF of 100%. The actual
values depend on the OCF, which in this report is set to 92.4%.
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FR= =4 52 - = BEIS hydrogen strategy 2021.8

Figure 1.3: Proposed UK electrolytic and CCUS-enabled hydrogen
production projects

O '50F O|HX|2H[2| 35% s+

Key

@ Electrolytic production
project (under SMW)

Q Electrolytic production
project (over SMW)

Q CCUS enabled
production project

[ (100 MW=)
- 206 7|27/ Al o4

Note: Includes plans and
proposals for known projects
that are in the public domain.
Many more projects are under
development in all parts of the
UK. BEIS are continuing to
gather inteligence on new
projects as they emerge.

Table 2.2: Overview of selected hydrogen production methods = 2=

Production Definition Carbon Intensity Levelised Costs™ Role to 2030 / Next steps
method estimates’® 2050

Low temperature Low temperature Mot modelled but Mot modelled by BEIS Can apply existing Further
nuclear electrolysis | electrolysis from expected low GHG technologies to developments

existing nuclear
facilities

emissions.

current plants in the
2020s.

expected in 2020s.

High temperature
nuclear electrolysis

High temperature
nuclear power to
electrolyse water

High temperature
electrolysis: 4.8
gCO.e/MJ H, (LHV)

Not modelled by BEIS

Could develop
hydrogen from
advanced nuclear
for 2030s

Further innovation
and developments
expected in 2020s.




MM 52 (1) - IEA, Global Hydrogen Review 2021

Selected active hydrogen R&D programmes

Country

Australia

European
Union

France

Germany

Japan

Spain

United
Kingdom

United
States

Programme

ARENA's R&D Programm
CSIRO Hydrogen Mission

lean Hydrogen for
Europe

PEPR Hydr n

National Innovation
Programme for Hydrogen
and Fuel Cell Technology
Wasserstoff-Leitprojekte

NEDO innovation
programmes

Misiones CDTI

Low Carbon Hydrogen
Supply
H2@Scale
M2FECT — H2New Consortia
DOE Hydrogen Program

Funding and duration

AUD 22 min (~USD 15 min) - 5 yr
AUD 68 min (~USD 47 min) - 5 yr

EUR 1 bin (~USD 1. bin) - 10 yr

EUR 80 min (~USD 91 min) - 8 yr
EUR >250 min (~USD 285 min) — 10 yr
EUR 700 min (~USD 800 min) — n.a.
JPY 699 bin (~USD 6.5 bin) — 10 yr

EUR 105 min (~USD 120 min) - 3 yr

GBP 93 min (~USD 119 min) - n.a.

USD 104 min - 2 yr
USD 100 min — 5 yr
USD 285 m/yr
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O YA HH

Selected bilateral agreements between governments to co-operate on hydrogen development, 2019-2021

Countries Objective

Germany - Australia

Germany - Canada

Germany - Chile

Germany - Morocco

Germany - Saudi Arabia

Morocco - Portugal

Metherdands - Chile

Metherlands - Portugal

Japan — United Arab Emirates

Japan - Argentina

Japan - Australia

Singapore - New Fealand

Singapore - Chile

Australia - Korea

Formulate new initiatives to accelerate development of a hydrogen industry, including a hydrogen supply chain between the two
countries. Focus on technology research and identification of barriers.

Form a partnership to integrate renewable energy sources, technological innovation and co-operation, with a focus on hydrogen.

Strengthen co-operation in renewable hydrogen and identify viable projects.

Dewvelop clean hydrogen production, research projects and investments across the entire supply chain (two projects have already
been announced by the Moroccan agencies MASEN and IRESEN).

Co-operate on the production, processing and fransport of hydrogen from renewable energy sources.

Examine opportunities and actions needed to develop hydrogen from renewable energy sources.

Establish a structured dialogue on the development of import-export corridors for green hydrogen, aligning investment agendas
and facilitating collaboration among private parties.

Co-operate to advance the strategic value chain for producing and transporting renewables-based hydrogen, connecting the
hydrogen plans of the two countries.

Co-operate on technology development, regulatory frameworks and standards to create an international hydrogen supply chain.
Strengthen collaboration on the use of clean fuels and promote investments to deploy large-scale hydrogen production from
renewable energy sources.

Issue a joint statement highlighting the commitment already in place between the two countries and recognising the importance of
co-operation on an international hydrogen supply chain.

Boost collaboration on establishing supply chains for low-carbon hydrogen and its derivatives, and strengthen joint R&D, networks
and partnerships.

Foster co-operation on projects and initiatives to advance hydrogen deployment through information exchange and the
establishment of supply chains and partnerships.

Develop joint hydrogen co-operation projects with specific action plans.
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Governments with adopted national hydrogen strategies; announced targets; priorities for hydrogen and use; and committed funding

Australia

Canada

Chile

Czech
Republic

European
Union

France

Document, year

Mational Hydrogen
Strateqy. 2019

Hydrogen Strategy for
Canada, 2020

Mational Green Hydrogen

Strategy, 2020

Hydrogen Strateqy, 2021

EU Hydrogen Sirategy,
2020

Hydrogen Deployment
Plan. 2018
Mational Strateqy for
Decarbonised Hydrogen

Development, 2020

7Ly

&?Shlp[ﬁlll‘lg IO_—%J Transport. A Aviation

Deployment targets (2030)

Mone specified

Total use: 4 Mt Ha'y
6.2% TFEC

25 GW electrolysis'®

Low-carbon demand: 97 kt Hz'yr

40 GW electrolysis

6.5 GW electrolysis
20-40% industrial Hz decarbonised &
20 000-50 000 FC LDWs ™
800-2 000 FC HDWs
400-1 000 HRSs @

Production

Coal with CCUS
Electrolysis (renewable)
Matural gas with CCUS

Biomass
By-product H:
Electrolysis
Matural gas with CCUS
il with CCUS

Electrolysis (renewable)

Electrolysis

Electrolysis (renewable)
Transitional role of
natural gas with CCUS

Electrolysis

B & @ la
LS

B & @ =
& O &0

i & W =
e

[
= 1

= 0

e R B coors [ L] &2 Minng L1
ot Buildings Electricity Exports == Industry  Industry (chemicals) {=X2 Industry (steel) Mining Refining

Public investment
committed

AUD 1.3 bin
(~USD 0.9 bin)

CAD 25 min by 2026!"
(~USD 19 min)

USD 50 min for 2021

n.a.

EUR 3.77 bin by 2030
(~USD 4.3 bin)

EUR 7.2 bin by 2030
(~USD 8.2 bln)
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Country

Germany

Hungary

Japan

Korea

Netheriands

Norway

Document, year

National Hydrogen
Strategy, 2020

National Hydrogen
Strateqgy. 2021

Strategic Roadmap for
Hydrogen and Fuel lis
2019

Green Growth Strategy,
2020, 2021 (revised)

Hydrogen Economy
Roadmap, 2019

National Climate
Agreement, 2019
Government Strategy on

Hydrogen, 2020

Government Hydrogen
Strategy, 2020

Hydrogen Roadmap.
2021

Production: 20 kt/yr of low-carbon Hz

2.9 million FC cars (plus 3.3 million

2.1 GW of micro-cogeneration FCs®

Deployment targets (2030)

Use: 34 kt/yr of low-carbon Hz

Supply: 420 kt low-carbon Hz

5 GW electrolysis

16 kt/yr of carbon-free Hz
240 MW electrolysis

4 800 FCEVs
20 HRSs

Total use: 3 Mt Ha/lyr

800 000 FCEVs
1 200 FC buses
10 000 FC forklifts
900 HRSs
3 Mt NH; fuel demand®

Total use: 1.94 Mt Ha/yr

exported)s
1 200 HRSs'™®
80 000 FC taxis'®
40 000 FC buses™
30 000 FC trucks'™

8 GW stationary FCs (plus 7 GW

exported)®

3-4 GW electrolysis
300 000 FC cars
3 000 FC HDVs ®

n.a.m

Production

Electrolysis (renewabie)

Electrolysis
Fossil fuels with CCUS

Electrolysis
Fossil fuels with CCUS

By-product Hz
Electrolysis
Natural gas with CCUS

Electrolysis (renewables)

Natural gas with CCUS

Electrolysis (renewables)
Natural gas with CCUS

Uses

< & [ ol
&>

&

B & & o
&3

ao

@ & 0

B & [
g

s &>

Public investment
committed

EUR 9 bin by 2030
(~USD 10.3 bin)

JPY 699.6 bin by 2030
(~USD 6.5 bin)

KRW 2.6 tin in 2020
(~USD 2.2 bin)

EUR 70 min/yr
(~USD 80 min/yr)

NOK 200 min for 2021
(~USD 21 min)
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Document, year Deployment targets (2030) Production Public investment

committed

2-2.5 GW electrolysis

1.5-2% TFEC
. 1-5% TFEC in road transport
Mational Hydrogen N . EUR 800 min by 2030
Portugal 2-5% TFEC in industry Electrolysis (renewables) % y
Strategy, 2020 015 w0t iz it gas g = (~USD 1.0 bin)
3-5% TFEC in maritime transport
50-100 HRS
, Electrolysis % Lﬁ @
Russia Hydrogen roadmap 2020 Exports: 2 Mt Hz Natural gas with CCUS ﬂ%“_s. . n.a.
: 25% in:uGs:lira?IHz decarbonised :_LL@ % @aﬂ @
Spain ”;gzgﬂ:wzrgggn 5 000-7 500 FC LDVs-HDVs Electrolysis (renewables) {EUSFF{?J'M
~0acmap, 150-200 FC buses E. '
100-150 HRSs
United UK Hydrogen Strategy, . . Matural gas with CCUS 1 E_Eﬂ % @ GBP 1 bln
Kingdom 2021 5 GW low-carbon production capacity Electrolysis @ 7 (~USD 1.3 bin)

Note: TFEC = total final energy consumption. (1) In addition to CAD 25 min, Canada has committed over CAD 10 bin to support clean energy technologies, including Hz. (2) This target
refers to projects that at least have funding committed, not to capacity installed by 2030. (3) Target for 2028. (4) From the interim Ammonia Roadmap. (5) Target for 2040. (6) Target

for 2025 from the National Climate Agreement, 2019 (currently under revision). (7) Norway's strategy defines targets for the competitiveness of hydrogen technologies and project
deployment.
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