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1.2

2022
REPowerEU 2030 2,000
2023 2030

1,000 2031 $1/kg

Hydrogen Shot
IPCEI
IRA $3/kg
70 1
Hydrogen Hubs 5 2 8
BIL 4.7 750
9
1.21
IEA *Hydrogen Production Project Database”” 2024 10
1.2.1-1 5 2023
1.3GW 2024 5GW 2030

500GW FID 4%

1.2.1-2 2024 40GwW/

2022 2024 3
2023
25GW/ 1.3GW 5%

8 https://www.energy.gov/oced/regional-clean-hydrogen-hubs-selections-award-negotiations
9 https://www.energy.gov/eere/fuelcells/bipartisan-infrastructure-law-clean-hydrogen-electrolysis-
manufacturing-and-0
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10 JEA “Global Hydrogen Review 2024”
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By technology

By status
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50% PEM

Status

! Early stage

O Feasibility

B FID/Construction
O Operational
Size

@>1 000 MW
@100-1000 MW
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Bindia
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IEA. CC BY 4.0.
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FID

2023 9 2030
42% 2035 60 RFNBO
2030 RFNBO
FID
FH2R 1.2.3-4 10MW
1.2.1-1 FID 10MwW
REFHYNE Il 2021 RHEFHNE 100MW FID
Shell 100MW | PEM ITM SAF 202417
Power
44 2027
Shell
SAF
GET H2 Nukleus 2024 200MW FID
RWE 100MW PEM ITM 2024/9
Power
Nowega OGE
BP  Lingen Gelsenkirchen
Evonik 2025
200MW Thyssengas
Vlieghuis
2026 300MW
RWE
2030
Salzgitter Flachstahl
Nowega
OGE Thyssenkrupp Steel
GET H2 Nukleus  IPCEI
OranjeWind 2024 7 TotalEnergies 350MW FID
RWE 795MW 202417
OranjeWind 50
TotalEnergies 350MW
TotalEnergies
2026 2028
TotalEnergies 2
50 2030
AM Green Greenko 1.3GW FID
Ammonia AM Green Ammonia 2024/8
2026 100 John
2030 500 Cockerill
2024 8 100 100
FID 1.3GW
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EU RFNBO
CertifHy
Uniper Yara
Keppel
Clean Hydrogen EWE Clean Hydrogen Coastline 280MW FID
Coastline PEM 202477
280MW Siemens
26000 energy
2027
Clean Hydrogen Coastline IPCEI
Hyoffwind Virya Energy 25MW FID
Messer 202417
25MW Hyoffwind FID [John
14000 Cockerill
2026
122
1.2.2-1
1.2.2-1 PEMWE
Megastack ITM Power 2MW
3 Gigastack 5MW 2
GW 400 kW
2022 2MW
2MW 20MW
12
AWE MW 20MW PEMWE
1MW MW

12 HPEM2GAS, "HPEMZ2GAS - High Performance PEM Electrolyzer for Cost-effective Grid Balancing
Applications.”, ITM Power, “Gaining Traction”



AEMWE Enapter 2.4kW
PGM Cipher Neutron 250kW
AEMWE 10kw
Verdagy 20MW EvolOH
PGM
1.2.2-1
AWE PEMWE AEMWE
= \— = 7 *Verdagy,
ﬁiﬁ%ﬂz’\ A Hﬁ& EvoIOHI(Z £ N8R
. Verdagy
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EE =
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- Tl
McPhy John Cockerill Sunfire Nel ITM Power Elogen H-TEC Enapter
(16MW, 16 2 2:v%) (5MW) 2.5MW,2RX29%)(2MW,3X2v%2) (5MW) (1MW) (2.4kW)
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Green Hydrogen Systems
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W .&

(10MW)

Hydrogen Pro
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e Y
PR ==

) i
=

Cummins
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Plug Power

(5MW) Ohmium

my

1.2.2-1

2MW_

800kg/day

5MW,
2100kg/day

ITM Power

PEMWE



1.2.3

2.8
PEMWE SOEC PEMWE RIA
1A
SOEC RIA
AWE AEMWE RIA 13
1.2.3-1
1.2.2-2 PEMWE 1.2.2-3 AWE RIA
Clean Hydrogen Partnership
KPI PEMWE
ITM Power Solvay
10
RIA ITM Power
Elogen
RIA 1A
RIA

14

13 Clean Hydrogen Partnership, “PROGRAMME REVIEW REPORT 2024”, Figure23, 24

14 European Commission, “EU harmonised accelerated stress testing protocols for low-temperature water
electrolyser - A proposal with testing guidance for assessing performance degradation in water electrolyser
stacks”
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DOE
2026 2 /kg 2031 1 /kg Hydrogen Shot
H2NEW Hydrogen (H2) from Next-generation Electrolyzers of Water 2020 12
2021 2024 76 114 PEMWE 40.2
60 SOEC 24.6 37 AWE 11.2 17
15
2020 H2NEW
150 KW 210 KW
1.2.4-1
1.2.4-1
1.2.4-1 H2NEW 16
CCM
Ex-situ Roll to Roll
Ti PTL
Spray Coating
* Dilute ink
W et
\’ * Low throughput
v
R2R Coating
* Viscous Ink
[ - N w °* Very high throughput
\'3'\.'.‘(' ¢.‘.‘ « Translate subscale
¢ . p learnings

15 DOE Annual Merit Review 2024, “H2NEW: Hydrogen (H2) from Next-generation Electrolyzers of Water
Overview”
16 DOE Annual Merit Review 2021, “H2NEW: Hydrogen (H2) from Next-generation Electrolyzers of Water
Overview”

12



Storage Refill Mode

BESRE
:: ' H 2 N E N . ::::I’z‘:l“’“ 1004 - T "-"" . B TEE
5 ! - FERMEEEA
3% i »= . DRAFT RESULTS - ENLLERNLS
& s00 sz | L LN w@ax b off/idle |— - - - - . H#TEE
E 2.50 i Eg = 2 HE
s PP s . B BEIRE ]
§ s200 ! e 2] (EHFTHIE
:E: $1.50 \ $0.59 soﬂs P N )
SeNl B . ) ) | “Losd ! . BREHELER
i v 100% . BETHICHS WA
50 B £ BCAPEX(ER ME LA RE
$0s‘ I I I (MBERHNEE) =1 o BEOR FPUEEL
Status Status stats  Efficency  Ufetme Capital Cost Midterm  Further  Further  Variable  Utimate DhL—FF7h%F
($|;?:/::\)Ih, ($Ugf;/:rv)vh, lsg.?:‘/::/.h, Increase Increase Reduction Target EI:T'I:;‘K: C;:::.::::I ilez:"‘ulv Target off/ldle E
CF - capacity factor (s“t:.cus:r;:wo:, =
e Time
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10
2030 37%
1.2.4-2
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5% 95%
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2022 8 (IRA)
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(GHG)
1kg 0.6 3.0
IRA PTC
IRA Nel
Topsoe
1.2.4-3 PEMWE 100MW
2,000 kKW 2
83 /MWh 97% 7.5 kg
33 /IMWh 74% 5.2 kg
800 1,100 /kg 20
2024 12 Hydrogen Shot 21
1 kg PEMWE AWE SOEC
DOE PEMWE AWE 210 /kW SOEC

17 DOE Annual Merit Review 2023, “HFTO Hydrogen Production Overview”

18 World Electrolysis North America, "The North American Hydrogen Electrolyzer Industry: Market
Overview and Projects"”, June 2024

192025 1

IRA

20 DOE Hydrogen Program Record #24002, “Summary of Electrolyzer Cost Data Synthesized from
Applications to the DOE Clean Hydrogen Hubs Program”

21 DOE, “HYDROGEN SHOT: Water Electrolysis Technology Assessment”, September 2024
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H2NEW
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Previous U.S. estimates? ~20224 Current U.S. estimates® 20234F
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YRFLARMI, ZFO@BIIFRBEIRMNIEE ’ 2,200
nTw3
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Liftoff Council&  Hubs' Mackenzie'?
Report® McKinsey'?
2 PEM
3 PEM 2022
4 100MW 2020 2025 2021
5 >10MW 2020
6 1MW 2018 2018
7> 10 MW 2022 2022
8 2023DOE H2 2MW ( ) 2020
9 100MW
10 1GW
11 DOE H2Hub ( 350 MW) 25 75
DOE H2Hubs BOP
PEM 400MW 1,900
12 20MW
13 250MW

Electrolyzer Installed Capital Cost (20225/kW)

Scenario”

Based on Ele o $1,500 $2,000 $2,500
Levelized Hz Production Cost (20225/kg)’
Grid — Average Scenario 97% 8.3¢ $6.80 $7.50 $8.20

Renewable Electricity Scenarios

s 34 ssso $6.70 $7.00
Land-Based Wind (Class 1) 51% 2.9¢ $5.20 $6.40 $7.50
s 33 sad0 $5.20 $6.00

1.2.4-3 14
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2025 CEA
AWE 2022 97 2023
90 1/3
1.25-1 Kuga 30 100
30
50 100%
PPS Polyphenylene Sulfide
1.25-1 22
260MW | AWE | PV 300MW 2023
Kuga
75MW | AWE | PV 400MW 2023
FC
150MW |  AWE | PV 200MW 2021
FC
105MW | AWE | PV 62MW FCV 2024E
40MW |  AWE | PV 100MW |N.A. 2023E
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750MW | AWE 2026E
500MW

22

”
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280 /
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23 2023 6 6
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260GW

1,340

kWh

2030
/

41GW
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1.3-1

DAC DAC DAC
2
1 6.0 6.9 6.0 7.0 6.7 7.9
0.55 0.58 / 0.55 0.64 0.62 0.73 /
49% 50% 47% 50% 47%
3 |10% 7% 12% 7% 13%
HVDC 2050
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PDCA

13-1
20 30% 20%

Fraunhofer 25 15.1

25 Fraunhofer ISE, “Cost forecast for low temperature electrolysis — technology driven bottom-up prognosis
for PEM and alkaline water electrolysis systems”
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141 2030
2030

Power
toGas P2G <1MPa

121 2020 100MW
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A/B
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14.1-1

A B
FIT PPA
C D
/ A/B
B/C
CO2
A/B
B
FIP  FIT
16% 36%
-41% 2
1.4.1-2

26 |RENA, “RENEWABLE POWER GENERATION COSTS 2023”




1.4.1-2

RFNBO
CertifHy GO
i-REC)
DR 1GW
25 43
DR kW
HyBalance 2015 2020 NW WG
Demo4Grid 2017-2023
H2FUTURE 2017-2021
REFHYNE 2018 2022
QualyGridS 2017-2020
Joint Research Center JRC
EU
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216MW 27
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69MW
147MW
1MW 2
2023/10
o
1.4.1-3
o

27

70

3 72028
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1.4.1-3

100V 200V 50kW
6.6kV 50kW 2MW
22kV 33kV 2MW  10MW
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154kvV 30MW
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FH2R 10MW  AWE H2-YES 1.5MW  PEMWE
Gl 2030 100MW
Hard-to-abate
2030
AEMWE SOEC AWE PEMWE
2020 1MW
2030 10MwW
1.4.1-5
CO2
10t/h
10t/h
10MW
1.4.1-5
i |- EcEEnokEE. Wk 2T
U S 251 SV )
) - S HEP2G (BARMBENLAKRE | -BIRA D (RHNITUIREETD)
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1.2.2-1 3MPa
1MPa
1MPa
1.4.1-1
1.4.1-4
P2G 1MPa
1MPa
1 100m3/
KHKS
14.1-4
1 MPa
1 MPa
0.45 MPa
3 MPa
2 MPa
FT e-fuel 2 4 MPa
2.5 4 MPa
3.4 MPa
0.35 1.6 MPa
8 MPa
9.7 MPa
HB 14 30 MPa
Mohammad-Reza Tahan, “Recent advances in hydrogen compressors for usein large-scale renewable energy integration”,
“ MCH-LOHC

’
“ »
’

Primetals Technologies, TERI, Siemens, “GREEN STEEL THROUGH HYDROGEN DIRECT REDUCTION”
Satu Lipiainen, “Use of existing gas infrastructure in European hydrogen economy”
JPEC News”
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2040
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1.4.2-1

15

1.4-1

2030
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2.1

2.4

P2G

1.2

Techno-Economic Analysis

MI
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151

2040

2040

AWE

2.2

142

151-1
1511

30 JRENA, “RENEWABLE POWER GENERATION COSTS IN 2023”,

758

kW

PEMWE

6.2

3%

AWE

PEMWE 1MW

1.51-2

/kWh 0.044

16%

PEMWE

2.1

AWE 10MW

2023 LCOE
/kWh30 2023
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PEMWE AWE Fraunhofer 2021

31 1.5.1-3
1.5.1-4 Fraunhofer HPEMWE AWE
5MW
2
2024 NREL 32
2
PEMWE 978 KW 294 KW
30% 195 KW 20%
AWE 949 KW 194 KW
20% 160 KW 17%
AWE PEMWE 3MPa 123 KW
13%

31 Fraunhofer ISE, “Cost forecast for low temperature electrolysis — technology driven bottom-up prognosis
for PEM and alkaline water electrolysis systems”

PEMWE 1MW 3MPa 1,000 cm? 265 1.8V@2.0A
lcm2 5 5MW 1 1.5.1-3(a)
AWE  25MW 0.1 MPa 20,000 cm? 116 1.8V@0.6 Alcm?
2 5MW 3MPa 1
1.5.1-3(b)
2020
MW

PEMWE MEA
AWE
AWE

MW

32 NREL, “Updated Manufactured Cost Analysis for Proton Exchange Membrane Water Electrolyzers”
1MW PEMWE 10 20 kW 1,337
kW 1 150 2 40 kW
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European

Hydrogen Observatory 2024 33 PEMWE
2,503 /KW AWE 2,310 KW 1.5.1-4 PEMWE 40
/KW  AWE 37 KW 1 160

PEMWE AWE
15.1-5
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15% 6% Fraunhofer AWE
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33 https://observatory.clean-hydrogen.europa.eu/hydrogen-landscape/production-trade-and-cost/electrolyser-
cost
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15.1-1 15.1-1
PEMWE AWE
20 20
kw 40 kW 37 KW
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O&M 34 2% 2%
35 40,000 h 4 60,000 h 2
36 15% 6%
4.68 kWh/Nm3 4.77 KWh/Nm?3
BOL
37 4.91 kWh/Nm?3 5.01 kWh/Nm?3
BOL 1.074 MW (AC) 11.10 MW (AC)
38 5% 8%
98% 98%
1 MW (DC) 10 MW (DC)
BOL 3° 1.82 V at 2.0 Alcm? 1.8V at 0.6 Alcm?
1,500 cm? 30,000 cm?
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0.8MPa 3 MPa
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34 European Hydrogen Observatory 2024 https://observatory.clean-hydrogen.europa.eu/hydrogen-

landscape/production-trade-and-cost/electrolyser-cost

35 Fraunhofer ISE, “Cost forecast for low temperature electrolysis — technology driven bottom-up prognosis

for PEM and alkaline water electrolysis systems” PEMWE 4.5-8 AWE 6.8-9.1
BOL

10% PEMWE AWE
36 Fraunhofer ISE, “Cost forecast for low temperature electrolysis — technology driven bottom-up prognosis
for PEM and alkaline water electrolysis systems” PEMWE
AWE

37 BOL 105%
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AWE v

59 0.1MPa 80 KOH 6M
v 2.1.2-3 2.1.2-3
v 1 3 1
2
3 2.1.2-2
2.1.2-3
59
60
61
2.1.2-3
62 1 2 3
1.8V@0.6 Alcm? 1.70V@0.6 Alcm?

2.0V@1.0 Alcm?
63 | 0.36V@0.6 Alcm?
0.39V@1.0 A/cm?2

1.75V@1.0 A/lcm? 1.7V@1.0 Alcm?

0.26V@0.6 A/lcm?

0.29V@1.0 Alcm? 0.27V@1.0 A/lcm?

A0.1V@0.6 Alcm?

AO0.1V@1.0 A/lcm?2

A0.12V@1.0 A/lcm?

0.27V@0.6 Alcm?2
0.45V@1.0 Alcm?

64 0.45Qcm?

0.27V@0.6 A/lcm?
0.45V@1.0 Alcm?

0.45Qcm?

0.29V@1.0 Alcm?

A0.16V@1.0 A/lcm?
0.29Qcm?

0.26V@1.0 Alcm?

A0.19V@1.0 A/lcm?
0.26Qcm?

A0.16Qcm?2 A0.19Qcm?2

59 Matheus T. de Groot, Joost Kraakman, Rodrigo Lira Garcia Barros, Optimal operating parameters for
advanced alkaline water electrolysis, International Journal of Hydrogen Energy, Volume 47, Issue 82, 2022.
60 Hoang, Anh Linh, et al. "High-performing catalysts for energy-efficient commercial alkaline water
electrolysis." Sustainable Energy & Fuels 7.1 (2023): 31-60.

61 de Groot, Matheus T., and Albertus W. Vreman. "Ohmic resistance in zero gap alkaline electrolysis with a
Zirfon diaphragm."Electrochimica Acta 369 (2021): 137684.

62 59 0.1MPa 80 KOH 6M
1.169V 0.6A/cm?2(1.0A/cm?) 0.362V(0.388V) =
+ 0.448Qcm?
63 1 2 3 0.10V@0.6 A/cm2 0.10V@1.0 A/lcm?2
0.12V@1.0 A/lcm? 59 Tafel +
85mV/decade 87mV/decade 81mV/decade 60 HER OER
64 61
30,000cm?

1/1000 1/100
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2.1.2-3 v 1 3
LHV 70% 1.8V
2.1.2-3 v
2.5 [/kKWh 40%
47% 90,000
AWE 11.1MW
1.8V@0.6A/cm?2 19.7 kW
3 2.1.2-4
2.1.2-4
2.1.2-4 (XAOIZX 2.1.2-2
X 0.6A/cm? 1.80V
1 1.70V
0.6A/cm? 2 1.61Vv
3 1.58Vv
, 2 175V
o 1.0A/cm 3 1.70V
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2.1.2-5 AWE

25 /kwh 3.0 /kwh 70%
18 /Nm?
2040
20 20
1 37.0 kw2 6.6 kW
4,108 1,150
o&M 2 2% 2%
60,000 h 2 4 90,000 h 1 5
6 6% 6%
BOL 4. 77KWh/Nm3 4.51kWh/Nm3
5.01 KWh/Nm? 4.73 KWh/Nm3
BOL 11.10 MW (AC) 17.48 MW (AC)
9 8% 8%
98% 98%
2,326 Nms/h 3,876 Nm3/h
3 MPa 3 MPa
10.01 MW (DC) 15.76 MW (DC)
BOL 10 1.8V @ 0.6A/cm? 1.70V @ 1.0A/cm?
(2.0V @ 1.0A/cm?)
30,000 cm? 30,000 cm?
309 309
0.36V @ 0.6A/cm? 0.27V @ 1.0A/cm?
11 (0.39V @ 1.0A/cm?) A0.12V @ 1.0A/cm?
12 0.27V @ 0.6A/cm? 0.26V @ 1.0A/cm?
(0.45V @1.0A/cm?) A0.19V @ 1.0A/cm?
12 0.45Qcm? 0.26Qcm?
A0.19Qcm?
1 BOP

2 European Hydrogen Observatory 2024 https://observatory.clean-hydrogen.europa.eu/hydrogen-
landscape/production-trade-and-cost/electrolyser-cost

3 BOL

10%

4 Fraunhofer ISE, “Cost forecast for low temperature electrolysis — technology driven bottom-up prognosis for

PEM and alkaline water electrolysis systems”

5

1/

6.8-9.1

6 Fraunhofer ISE, “Cost forecast for low temperature electrolysis — technology driven bottom-up prognosis for

PEM and alkaline water electrolysis systems”

BOL

2040

105%

9 Fraunhofer ISE, “Cost forecast for low temperature electrolysis — technology driven bottom-up prognosis for

PEM and alkaline water electrolysis systems”

10
11 80
12

0.1MPa

2030

KOH 6M
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2.1.3

65

° AWE 3 MPa

66 Agfa PEALUTP
500 UTP 220 67 2.13-1

65 BPP

66 Barros, Rodrigo Lira Garcia, et al. "Impact of an electrode-diaphragm gap on diffusive hydrogen crossover
in alkaline water electrolysis." International Journal of Hydrogen Energy 49 (2024): 886-896.

67 HTO
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Current density [A cm'z] Current deneity JA om™]
2.1.3-1 HTO PEAL UTP 500 UTP 220

25 1 bar 12 wt%
Barros, Rodrigo Lira Garcia, et al. "Impact of an electrode-diaphragm gap on diffusive hydrogen

crossover in alkaline water electrolysis." International Journal of Hydrogen Energy 49 (2024): 886-896.
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AEMWE
AWE
AWE
AEMWE AWE
AEMWE
(
Polyphenylene sulfidet® PPS PPS
ZirfonT™es PPS
Polysulfone PSU ZrO2
® AWE
68 PPS
69 Agfa https://www.agfa.com/specialty-products/solutions/membranes/separator-membranes-

for-alkaline-electrolysis/
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KOH
KOH doped polybenzimidazole?® PBI KOH
KOH KOH 20 25wt KOH
PTFE 1000
1000 1.8V 1.8A/cm? 71
2.1.5
°
MI
°
AWE

o
o
o 3 MPa
70 PBI

71 Trisno, Muhammad Luthfi Akbar, et al. "Reinforced gel-state polybenzimidazole hydrogen separators for
alkaline water electrolysis." Energy & Environmental Science 15.10 (2022): 4362-4375.
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°
Catalyst Coated-Diaphragm PEMWE
AWE
PEMWE
OER
0.1 MKOH 25 0.1V
Ni 200 mv
72
2.16
° Ni Ni
Ni
CO2
o
73
25
217
o

72 Morimitsu, Masatsugu. "Kinetics of Oxygen Catalyst Based on Pyrochlore Oxide Nano-Particles for Low
Temperature Water Electrolysis." Electrochemical Society Meeting Abstracts 245. No. 34. The
Electrochemical Society, Inc., 2024.

73 Holst, Marius, et al. "Cost forecast for low-temperature electrolysis-technology driven bottom-up
prognosis for PEM and alkaline water electrolysis systems." Fraunhofer Institute for Solar Energy Systems
ISE: Freiburg, Germany (2021).
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2.2

221
PEMWE
PEMWE
2022
1 2040
40% 3.0
2.2.1-1
7 /kWh
PV
2 /kWh
Oo&M
-C

AWE
Ir
Ir Ir
Ir
2040
18 /Nms3 25 [kKWh
/KWh 70%
2.2.1-1
2.2.1-1 -B
99%
25%
2.2.1-1
2 [kWh 26.5%
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2.2.1-1 PEMWE

25 /kwh 40% 3.0 /kwh 70%
18 /Nm3
PEMWE
2040
20 20
40.0 kW 1 5.7 kW
430 122
o&M 1 2% 2%
40,000 h 4 2 90,000 h 1 3
15% 15%
BOL 4.68 kWh/Nm3 4.62 KWh/Nm3
4.91 KWh/Nm3 4.85 kWh/Nm3
BOL 1.074 MW (AC) 2.123 MW (AC)
7 5% 5%
98% 98%
1 MW (DC) 1.976 MW (DC)
BOL 1.82 V at 2.0 Alcm? 1.8V at 4.0 Alcm?
1,500 cm? 1,500 cm?
183 183
230 Nms/h 459 Nm3/h
0.8MPa 3 MPa

1 European Hydrogen Observatory 2024 https://observatory.clean-hydrogen.europa.eu/hydrogen-
landscape/production-trade-and-cost/electrolyser-cost
2 Fraunhofer ISE, “Cost forecast for low temperature electrolysis — technology driven bottom-up prognosis for

PEM and alkaline water electrolysis systems” PEMWE 4.5-8 AWE 6.8-9.1
BOL 10%
PEMWE AWE

3 1/

4 Fraunhofer ISE, “Cost forecast for low temperature electrolysis — technology driven bottom-up prognosis for
PEM and alkaline water electrolysis systems” PEMWE

AWE
5
6 BOL 105%

7 Fraunhofer ISE, “Cost forecast for low temperature electrolysis — technology driven bottom-up prognosis for
PEM and alkaline water electrolysis systems” 2030
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imiomMmw/ |/ 100 1Gw/ |/ 47%
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2.2.1-1 -D
2022
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PV
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Ir
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224
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1.5.3-2 -V 4.0A/cm2 2.1V
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70% 1.8V
50
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® \ T ___0&Mft (OPEX)
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30 \ \ ek EEEIZ L -
NEUAN
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22.2-1 C 1532
25 /kwh 40%
10
Nafion 76.2um v
2.2.2-2 1.5.3-2 -V
74
1.8V 4.0A/cm2
2
7 S. M. Alia et. al., J. Electrochem Soc., 171 024505 (2024) Fig.1(b)
N212 50.8pm
1.8V  4.0A/cm? 50.8pm 10
76.2pm 1.8V 4.0A/cm?2
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2.23-1

80
3MPa
224
PEMWE Ir Pt
PTL BPP
Pt Ir Au
Ir Ir PEMWE
Ir Ir Pt
PTL BPP
222
Ir
Ir Clapp ™ IEANZE
PEMWE
PEMWE Ir
PEMWE Ir mg/W
Ir
7.5tlyr 20% 1.5tlyr PEMWE
PEMWE
Ir PEMWE
Clapp 2.2.4-1

75 Mark Clapp et. al, Catalysis Today 420 (2023) 114140
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2241 Ir
PEMWE IEA
PEMWE [PEMWE 1-1 PEMWE  ]+] PEMWE ]
[ Ir 1+ Ir ] Ir
PEMWE PEMWE 10 3
PEMWE
Ir Clapp 1.5t/yr 7.5tlyr 20%
Ir PEMWE Ir
Clapp
Ir
PEMWE
PEMWE Ir 1.5tlyr
Ir Ir
PEMWE
Clapp 2.2.4-2
NZE2022 NZE2024 PV
40% 15
PEMWE
1.8V 1.8A/cmz? 4.0A/cmz2
Ir
Ir Clapp 100%
90% Ir 2035
2035 Ir mg/cm?2
2242 Ir
Clapp *1
NZE2022 NZE2024
60% 40%  Clapp 1.5 PEMWE
PEMWE 40% 40%
Ir 2020 1mg/W 2030 2025 0.123mg/W 2035 0.014mg/wW
0.04mg/W 2025
0.4mg/cm? 2035 0.10mg/cm?
2035
2020 1.8V 2040 1.7V 1.8V 70%LHV
mg/cm? 2025  2.0A/cm? 2035  4.0A/cm?
2050 6.5% 2050 6.5%
98% 5%
2020 70% 2035 100% 2020 70% 2035 90%
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Ir
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0.1mg/cm2
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2.2.4-2 DOE
80 kW
4 kW
kW
Ir
10? 10° 104
Annual electrolysis capacity production rate (#)
§
BHTi7L— b
10? 10° 104
Annual electrolysis capacity production rate (‘f—,‘,’-)
2.24-2 DOE
Pt Ir
PEM
HER
Pt 0.03mg/cm2
PTL
0.1mg/cm2

10? 10° 104
Annual electrolysis capacity production rate (-'!"w-)

Tr7Yaxk

[
N

-
o

Assembly cost (2329%)

= N & o ©

Semi automated

Fully automated

10? 10° 104
Annual electrolysis capacity production rate (%,-")

PEMWE

HOR
HER
RM

0.86

90

Ir



2.2.4-2 1/10 1 KW
PTL Pt 1mg/cm?
PTL
Ir
Carmo 76 Ir PTL
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2.2.4-3 Ir
Pt Ir Pt Ir
5 Pt 0.125g/cm2
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35 T T T T T T 2.0 T T T T
—a— Uncoated PTL | {
30 *—I-PTLO.005 4  1g-
—&—Ir-PTL0.013
Pressure range
25 fm'ampi": v IrPTLO025 | ]
£ + Ir-PTLO.05 :
é 204 \ —<— Background = 1
E - 8 1.7-
= g
8 154 . 4 §
3 . | & = 16
'% 104 b, . 4 © —a— Uncoated PTL 1
.
o N 15 *— Ir-PTL0.005
;\‘w . —a— I-PTL0.013
& R == " o , » v I-PTL0.025
+=3—% 33 : + I-PTL0.05
0 S S B S - - 1 T T T T
0 1000 2000 3000 4000 5000 6000 00 05 10 15 20

Pressure / kPa

2243 Ir PTL
Ir PTL
-V
2.25
1-v
Appendix
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76 Marcelo Carmo et.al., ACS Appl. Mater. Interfaces 2021, 13, 16182-16196



ENEOS

PV

kW

PV
PEMWE
PEMWE 20
1.5.3-2(a)
2
BOL 10%
Ir
PV
PV
PV
PV 2.0 /kwh77
PV
Ir I-v
PV
15
Ir
2.2.5-1
1.5.3-2 2.2.5-2
18 /Nm3 2040 1.2
1.8V at 4.0A/cm? 2.123MW(AC) 4.7
2.2.5-1
7 |IRENA, ““RENEWABLE POWER GENERATION COSTS IN 2023~*
2023 758 kW 5 300
4.5 KW 3% 20 20%

/kWh

PV

/KW
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(a) 40%
(b) PV ©) IV
(d)
1.5.3-3(a) (b) ¢ D @ D
PV
1.8V 4.0A/lcmz2 18 /Nms3
10 3/7
1/10 -V
2.2.5-2 2.2.5-3
Ir 0.1mg/cm?2 1
A.7.4-2
2.25-1
PV 2.0 /kWh PV
78
2.5 [kWh 40%
40% 80%
A7
40.0 kW 1
155-1 18 s
. v 1.8V at 4.0A/cm 4.7
kW
5.7 kW
0.4mg/cm? 0.1mg/cm?
NREL &
Ir 0.4mg/cm? Ir !
78 45 kW 3% 20
20% 2  /kWh

79 S, M. Aliaet. al., J. Electrochem. Soc., 166 F1164 (2019)
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2.25-2

80
40.0 kW ! 18v
at 4.0A/cm? 4.7 kW
O&M 2% 2%
2
ENEOS 5,000
10% 81
NREL 82 Ir 0.1 0.4mg/cm?
40,000 h 4
10% Ir
0.4mg/cm? 33,000
1/10
15% 15%
BOL 4.68 KWh/Nm? 83
4.91 KWh/Nm? 83
BOL 1.074 MW (AC) 1.074 MW (AC) &
5% 5%
98% 98%
1 MW (DC) 1MW (DC)
1.82V at 2.0 Alcm?
85
3,200A/g 0.137Qcm?
BOL 1.82 V at 2.0 Alcm?
4.0A/lcm? 10 3/7
10 3/7
1.8V at 4.0A/cm?
1,500 cm? 1,500 cm?
183 183
230 Nm®/h 230 Nm®/h
0.8MPa 0.8MPa
80 1.5.3-2
81 PV
1 0.002%
82 S. M. Alia et. al., J. Electrochem. Soc., 166 F1164 (2019)
83 PV
1.82V at 2.0A/cm2
BOL 4.68 KWh/Nm3 4.91 kWh/Nm3
v 1.8V at 4.0A/cm?
BOL 4.62 KWh/Nms3 4.85 KWh/Nm3

84

1.82V at 2.0A/cm?
BOL 1.074MW(AC) 1MW(DC) v
1.8V at 4.0A/cm? BOL 2.123MW(AC) 1.976MW(DC)

85 S. M. Alia et. al., J. Electrochem Soc., 171 024505 (2024)
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2.2.6

1 PEMWG PEMWE
1 1.54-1
PEMWG
PEMWG
2.2.6-1
87 2040 88
40.0 /kw 8 5.7 kW 90
4.66kWh/Nm3 4.63kWh/Nm3
20 20
1.82V @ 2.0A/cm? 1.8V @ 4.0A/cm?
el 40,000h 90,000h 92
Ir 0.4mg/cm? <0.10mg/cm?
Pt 0.4-1.0mg/cm? <0.1mg/cm?
Pt PTL 1.0-2.0mg/cm? <0.1mg/cm?
1,350A/g @ 1.5V %8 32,000A/g @ 1.5V %
0.137Qcm? %3 0.07Qcm? %4
50 95 80 96
0.8MPa 3MPa
1 PEMWE 2.2.6-1 1
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