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| 3MPa
| P2G 1MPa
1MPa
1MPa
[
AWE PEMWE rewne | [
= S ] sVerd : ~
RIGEHB~A—2R RICES EVoIOH (A £ 708 1 MPa
Verd ~
Thyssenkrupp nucera Nel Siemens Energy Hystar (2%—ME:% 1 MPa
(20MW, 42 59%7) (17.6MW, 8 2%) (17.6MW,24225%) (1MW, 12%%%) >0.45 MPa
e hakl § =5l :
N - “EvoloH ~ 3 MPa
1 Ninnl (5MV_V)
Haaee Junnsssanel 2 LWl
FT 2" 4 MPa
McPhy John Cockerill Sunfire Nel ITM Power Elogen H-TEC Enapter 25 4 MPa
(18MW, 162 2:v%47) (5MW) (10MW) 2 5MW 22 4594) (2MW,3R42v49) (5MW) (1Mw) (2.4kwW) :
i = >3.4 MPa
i ‘ 0.35” 1.6 MPa
¥
>
UlES Cipher 8 MPa
Green Hydrogen Systems  Hydrogen Pro Cummins Plug Power Ohmi Neutron 9.7 MPa
(BMW,6248v%) (5.5MW,2255%) (BMW,22%5v%) (5MW) miam (10kW) =
- ey Ay HB 14” 30 MPa
R gl m
. Mohammad-Reza Tahan“Recent advances in hydrogen compressors for usein large-scale

renewable energy integration”,
7 - 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
PEMWE AWE
>
> 18 /Nm? 200 /kg
® PEMWE AWE
P2G
2030 30 /Nm3 1 11.9 /Nm3 2
18 /Nm3
1 2023 6 CIF 2030 30 /Nm?3 2017
2 NEDO /
2016.2 11.9 /Nm3
NEDO 2024 /
/
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2040
| QLD ENEOS B
C D
[ | 7 /kWh 99%
5 /kWh 55% 2 /KWh 26.5%
D
30 o . . 30 N . 6
g BHAF v HEiE é BH XAy bMEE
= | = I _ _ i £ 5 ,.*’*
£ 20 momaEsme | T 2 A = 4 PV o
- [ 4F/kWh = ‘ Ef —
% 10 A . J % 10 5 ! .j A - 3 / -/./
N » Y o -|F 1 ¥ ¥" N WA ol M S WL N ¥ LF J'(' g YN/ ﬁ ¢ /
% ' - \ I ¥ % AN v it V -‘_, Y 2 pn
S S o [ SN R g e
04/01 04/02 04/03 04/04 04/05 04/06 04/07 04/08 04/01 04/02 04/03 04/04 04/05 04/06 04/07 04/08 R 1 T 1
aft (8) 2019% aft (8) 2015% L
3000 ) 3000, 20 30 40 50 60 70 80 90 100
% : PVIHAEH % : PVIHAEH A BEE (%)
= 2000 7 PV+REAHBAH 1 2 2000/ 7 PV+REAHBNH
=4 -
B R
1000 * 1 H { l J !
L/
0 (SRFARL | . S A A L B . - PR L2
04/01 04/02 04/03 04/04 04/05 04/06 04/07 04/08 02/01 04/02 04/03 04/04 04/05 04/06 04/07 04/08
8 (8) 210 aft (8) 2019%

a

MIZWHO #¥FF3Ub—F&F4o/09-X




PEMWE 2,503€/kW AWE 2,310€/kW

| PEMWE PERPALR
20 20 PEMWE
40 /KW 37 /KW 50 50
430 4,104
0&M 206 2% 45 100 4
2 — ' .
40,000 h 60,000 h = 40 = 40
4 2 = =
T 35 T 35
3 15% 6% - =
~ 30 20.0 ~ 30
i i
4.68 kWh/Nm3 4.77 KWh/Nm3 X 25 X 25
BOL 2 2
4.91 KWh/Nm3 5.01 KWh/Nm3 k20 - 26 Ik 20
4 X : X
N 15 2.5 N 15
BOL 1.074 MW (AC) 11.10 MW (AC) 8 2.0 St
5% 8% E 10 _40 E 10
98% 98% 5 . 5
1 MW (DC) 10 MW (DC) . - )
2 2
BOL 1.82 V at 2.0 A/cm 1.8 Vat 0.6 A/cm PEMWE
1,500 cm?2 30,000 cm?
183 309
European Hydrogen Observatory 2024
230 Nm3/h 2,326 Nm3/h
Fraunhofer 235
0.8MPa 3 MPa 37 /KW 160 /€

European Hydrogen Observatory 2024 https://observatory.clean-hydrogen.europa.eu/hydrogen-landscape/production-trade-and-cost/electrolyser-cost
Fraunhofer ISE, “Cost forecast for low temperature electrolysis — technology driven bottom-up prognosis for PEM and alkaline water electrolysis systems”
BOL 10% PEMWE AWE
Fraunhofer ISE, “Cost forecast for low temperature electrolysis — technology driven bottom-up prognosis for PEM and alkaline water electrolysis systems”
AWE
BOL 105%
Fraunhofer ISE, “Cost forecast for low temperature electrolysis — technology driven bottom-up prognosis for PEM and alkaline water electrolysis systems” 2030

30%

AWE 20%

370

18.5

2.4
2.3
1.8
2.4
[ |
3.1
AWE

1

PEMWE

PEMWE 4.5-8

MBI b+ RAER
Y7V
AV

itEE

BRE

£+

YRT LA
H201% 3

1BoP7 /= F
mBoP A/ — F+H21%H
n BREEXERS
B EES

n TR

2021
40 /KW  AWE

AWE 6.8-9.1

PEMWE

PEMWE S. M. Alia et al. “Catalyst-Specific Accelerated Stress Tests in Proton Exchange Membrane Low-Temperature Electrolysis for Intermittent Operation.” J. Electrochem. Soc., 171 024505 (2024), AWE

, 99, 338-343(2020)
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O&M
B PEMWE AWE
> A
> B
> C A
25 e : 25
2.3 23
2.2 2.2
2.1 — 2.1
/
2.0 _— 2.0
= 1.9 1.82V@2.0A/cm? ft#B/Cl| = 1.9
H 18 b t 18
“E 1.7 e /.74._———-1-;/‘(;)4 e 1.7 / -
L6 P .8V@4.0A/cm e
' A ‘
1.5 % 15
L4 _ s | Bl HECHLT
' miEEE C BEICHL T BEBSHBEE : 120mVIEE
13 EFBEIE : 170mV@2.0A/cm2EE 13 T EHBEE : 100mV@L0A/cmEi
12 Il 1 1 1 12 1 1 1 1 1 1 M » N N
00 05 10 15 20 25 30 35 40 00 02 04 06 08 10 12 14 16 18 20
BREBE [A/cm2] BRBE [A/cm2]

PEMWE S. M. Alia et al. “Catalyst-Specific Accelerated Stress Tests in Proton Exchange Membrane Low -Temperature
Electrolysis for Intermittent Operation.” J. Electrochem. Soc., 171 024505 (2024), AWE
MIZWHO #7FFUy—F857o/09-X , 99, 338-343(2020)




PEMWE
./ | .| B C
20 20 20 20
O&M 2% 2% 2% 2%
40,000 h 4 90,000 h 1 40,000 h 4 90,000 h 1
15% 15% 15% 15%
BOL 4,68 kWh/Nms3 4,68 kWh/Nms3 4.62 KWh/Nm3 4.62 KWh/Nm3
4,91 kWh/Nms3 4,91 kWh/Nms3 4.85 kWh/Nm3 4.85 kWh/Nm3
BOL 1.074 MW (AC) 1.074 MW (AC) 2.123 MW (AC) 2.123 MW (AC)
5% 5% 5% 5%
98% 98% 98% 98%
1 MW (DC) 1 MW (DC) 1.976 MW (DC) 1.976 MW (DC)
BOL 1.82 V at 2.0 A/cm? 1.82 V at 2.0 A/cm? 1.8V at 4.0 A/cm? 1.8V at 4.0 A/cm?
1,500 cm? 1,500 cm? 1,500 cm? 1,500 cm?
183 183 183 183
230 Nm3/h 230 Nm3/h 459 Nm3/h 459 Nm3/h
0.8MPa 3 MPa 3 MPa 3 MPa
AWE
-/ [/ ./ 5 | . c |
20 20 20 20
O&M 2% 2% 2% 2%
60,000 h 2 90,000 h 1 60,000 h 2 90,000h 1
6% 6% 6% 6%
BOL 4,77 kWh/Nm3 4,77 kWh/Nm3 4,51 kWh/Nm3 4,51 kWh/Nm3
5.01 kWh/Nm3 5.01 kWh/Nm3 4.73 kWh/Nm3 4.73 kWh/Nm3
BOL 11.10 MW (AC) 11.10 MW (AC) 17.48 MW (AC) 17.48 MW (AC)
8% 8% 8% 8%
98% 98% 98% 98%
10.01 MW (DC) 10.01 MW (DC) 15.76 MW (DC) 15.76 MW (DC)
BOL 1.8V at 0.6 A/cm? 1.8V at 0.6 A/cm? 1.7 V at 1.0 A/cm? 1.7 V at 1.0 A/cm?
30,000 cm? 30,000 cm? 30,000 cm? 30,000 cm?
309 309 309 309
2,326 Nm3/h 2,326 Nm3/h 3,876 Nm3/h 3,876 Nm3/h
3 MPa 3 MPa 3 MPa 3 MPa
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2.5 /KWh 40% 3.0 /KWh 70% 18

/Nm3

2040 2040

20 20 20 20
1 40.0 /KW 2 5.7 /KW 37.0 /KW 2 6.6 /KW
430 122 4,108 1,150
O&M 2 2% 2% 2% 2%
3 40,000 h 4 4 90,000 h 1 5 60,000 h 2 4 90,000 h 1 5
6 15% 15% 6% 6%
BOL 7 4.68 kWh/Nm3 4.62 kWh/Nm3 4,77 kWh/Nm3 4.51 kWh/Nm3
8 4.91 kWh/Nm3 4.85 kWh/Nm3 5.01 kWh/Nm? 4,73 kWh/Nm3
BOL 1.074 MW (AC) 2.123 MW (AC) 11.10 MW (AC) 17.48 MW (AC)
9 5% 5% 8% 8%
98% 98% 98% 98%
230 Nm&/h 459 Nm3/h 2,326 Nm3/h 3,876 Nm3/h
0.8MPa 3 MPa 3 MPa 3 MPa
1 MW (DC) 1.976 MW (DC) 10.01 MW (DC) 15.76 MW (DC)
BOL 10 1.82 V at 2.0 A/cm? 1.8V at 4.0 A/cm? 1.8V at 0.6 A/cm? 1.7 V at 1.0 A/cm?
1,500 cm? 1,500 cm? 30,000 cm? 30,000 cm?
183 183 309 309
1:
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” PEMWE 4.5-8 AWE 6.8-9.1
BOL 10% PEMWE AWE 45 = 40,000h
20 4 6.8 = 60,000h 20 2
5 1/ 90,000h 10 20 1
6 Fraunhofer ISE, “Cost forecast for low temperature electrolysis — technology driven bottom-up prognosis for PEM and alkaline water electrolysis systems” PEMWE
AWE
7
8 BOL 105% 2040 1/ BOL 105%
9 Fraunhofer ISE, “Cost forecast for low temperature electrolysis — technology driven bottom-up prognosis for PEM and alkaline water electrolysis systems” 2030
10 PEMWE 0.8MPa 50 3MPa 80 2040 AWE 0.1MPa 80 KOH 6M 2040
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