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Fig. 9 — Number of periods (log scale) at production, standby, idle, and startup/shutdown cycles.
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(80000h) M) ICERELDH D,

« WL ORIKERTERER I IRERE L LR
LTeW/ At MEEE, BEZELTH
). 2000h THILER0% DA M % FiE,
2025F ICIFEEDFTELTEY . RAEL
SWEBEINS,
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Irf4i8IC &K PEM/KERREASEFORIEEME (2030) BREAY T X LRRFR m

m BRFAOKEBBEEAGTEICEDC &, 2030F O BZEHELDIfERE (0.25g/kWH) T, 2030F £ TD PEME
ABZERL LD & LIZEE. IERMEBICE > T, PEMKERODEAEN13.75CWREE R I AJREMELH 5 L HE
N7,

[1] Clean Hydrogen Partnership, “Strategic Research and Innovation Agenda 2021 — 2027~

PEM/KEREARIGEENHZHE REBEHEAGE (IEA)
'/EF—' FEﬁ D Ir'ﬁj\:%é% (\:_ . |r1§}£ﬁ % 75\ fo . _'EF_- F'Eﬁ D PEM7}(€Eﬁ$§= - Announced capacity S:ZZ-IHSY cage
)\-ﬂﬁgi j(i’ Eit;%-ko = O Feasibility
© . — -, @Fb
400 ! E OOperational
1.5 [ton/year] = 1 Size
= 6 [GW/year] 300 1 @>1000 MW
0.25 [g/kW] - |1 ©100-1000 MW
200 [ L m<100 MW
RRAHOFEICHE S £ 20305 & TICHFHB.75GWODPEM = Region
k EBENEAINIREBLTHEZ b, tes 100 || aRow
r& RS IC LY FEM2. 756W(5$F’eﬁT13.75(3W)0)PEM7}< o OLatin America
'E-E',ﬁ BANTHAEENH D EDD D Region Size Status EEL";: -
2030 OEurope
> 2030F F COEMPEMKEBHREARE (£/8.756W) BEHOAE (HFT) IEA, “Global Hydrogen Review 2023”

v IEA® [Global Hydrogen Review 2023 Tld, 20304  TIZ175GW DK E#Z
NEAINDELTWD, 2030FEDEFERENN— X TIIPEMA25% % L8 5
EWSREBYXONREZZDOFEFIEAL T, 7 O0—/NILTPEMKEREGWA'30
FEF TIT43.75GWEASIND LIRE, NESHEETRRTEI—RELT
8.75GW/E#RE X L 7=,
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m 2050 (23K & b B AEIEIFE0.0759/kW % LB B /K ED AR #FAFR T 3 DEINERIEFE,

n EREELETOREMICOVWTERILAEES GBY —) 37

A—Hh—
Next Generation Low
Iridium
Heraeus
Iridiumu Ruthenium
Mix Oxide
Nanostructured
3M Supported Iridium
Catalyst Powder
. BikA VI LS/
B o — A
1)< £ S H
By — AV LEEY A

VB K B HhaE

A

ARy ZY 2 TICEY) BIEAUPT LS
/v — FMARME = R

2018~2023FE MNEDOEZX T. IrMnOx%fif
1% % F R,

Z D, 2023F78 NEDOELEE IR

T, IrMNOXDIBER 57% - Bh&E A RMEN &

KEBMEICERY fBAH, AFETIK, rB—7 4
> 7' 20.1mg/cm2THJ1.85V (2A/cm?2) DE
EOEERIC B W THRI400005 B 0 BER & ER L

TW3,

[ 3lATIcRE S n/-BEFEE4A50Alg (145VIRZ Y —) »H, BEE#18VEREL. EH,
[2151ATTICEREHE DA U P U LFEHRE0.1~0.2 mg/cm2& ., L EE L HADERTH 5300cm2 TEKEEIIKW (PEMKERE D EHK2.0A/cm? 1.8VERTE) L WEH,
[3]BIBTIcRE DM ) ¥ LAERAE0.1 mglcm2& . 2.0A/cm? 1.85V& W EH,

MIZWHO H5FUy—F&7o/09-X

BIRIBHFR (9/kW)

0.12M

£EHARY(21%0.15~0.3
193k #912130.03~0.15%
Higd,

0.015~0.02

0.03~0.06/2

0.0278

==y

AXTT

x

ZS

https://www.heraeus.com/en/hpm/

hmp_products_solutions/hydrogen

systems/hydrogen_generation/hyd

rogen_generation.html?websiteCri
teria=0010

https://www.3m.com/3M/en_US/hy
drogen-technology-
us/applications/electrolysis/

https://www.global.toshiba/jp/techn

ology/corporate/rdc/rd/topics/22/22
10-01.html

100950541.pdf (nedo.go.jp)

https://www.nedo.go.jp/content/10
0980881.pdf

© 2025 Mizuho Research & Technologies, Ltd.
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n BCEMHEROOMEIN—THREFEL-IrB—T 4 > 7 20.08mg/lcm2DIrV-adofifitif |&, 4A/cm2 (BE2V) % iERK
5 EH(C, 1.8A/cm2T2500fFEI DK EELER ML /& LTW3B, A, 0.08mg/cm2dirV-adofii i T4A/cm? (B
[E2V) DiHE. IfEAE130.01gkWTH 5,

B RRAREHURBEMFEIC L S2MBRERMZAWT, 1FETC2HEREDIEA )P LAAEDOTRR L. HREELT
MAMFMEzERELI-E L THEY., SEBOPEMKEBREDOERICKEAFELZEZ AL H 5,

o LT O ORI IIL—T Tl GteXIZL BB %Z=T T, Bt~
Y ORECIEFEHFL ANLTHEL 7r-adofb 2 BF. 1D F
LARILTHOBEINTWE D, ZIETRTOIMMERRIGICESTE S & https://www.riken.jp/press/2024/2
LTW3, 0240510_2/index.html
« IrA—7 4 > 7 &0.08mg/cm2DIr-adofil i (X, 4A/cm? (BE2V) % &R
95 & HIT, 1.8A/cm2T2500fFE DK REE =L =& LTW B,

B UTRFT

« RREZ—F7 v 7OHUIRBEMFE I L 2 MRERREM B+ H0a?y
ZOM L CRITAIRELE+ OMEMEEZXKR - RE) 2RELTHEY. £

https://www.h2utechnologies.co

NZEFALTKEREEZRFE. 200kWDERIE L= v b ZBFEFH, m/post/h2u-achieves-
s FHHDEERE 7 —HIEIZ250000FE D FRIFmEER LT T 5, unprecedented-performance-
(2023/9) and-durability-with-non-iridium-

catalysts

REAXHU | ooste3Aicid. ERH R & HUARABRDNE BB, 15 o ERE

DIEA VP LR Z SR L. HEE & A M D % %ﬁﬂ_’, L TE7/-&9 5, https:/iwww.tokyo-
2024F 7B ICIF. HERERARHAPHUICHE T 5 &H(Z, BEICmITH-652 g?sr.](t:o.ljp/news/press/20240701-
A S, FRMERRONREE LT T L Y BHELMERRET S & o

LTW3
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PFASHEI DREHAR BREA Y FALERFR [

m 2023F1AICERINSAE L Y. EUBINTOPFASORIE, £, A @AET) ([CBYT2RHEA/RINEZESRT (ECHA) ICIRE I,

n RERTIE, FRORISHAOBRITHRAZR-ObL2EEIEEL RS D, 181 AOBRITHEZR-OLEFHRBMOSE X - IX12FN’ERIND D OHFET B,
2023F3ANLIAICT, A= aAavHiLT—arHiThh, FELECHE, BALLO/TaAXPREINS, S§&. REICOVLWTEHEMRTEEZNEMRS
. REOFIRIEFBRITNIE2025FETA LI NTWS,

m PFASHREINERINBE, 70 b BERREED (PEFC) BLUPEMAKERICEVWT, ¥F—AVKR—32V N THIEREREROMB, 74+ /~—, BEE
- 7AF /v —DffsEM, ¥ — i, GDLOREIDIISR & 4 B2,

. HEETIE. BHEBIISEROBFHEMREINATVLRN, —H, FBRTKERICOLWTIBEFHEIREINTUL AL, ZOEHICDOWVWT, BRINDOSHEDE
BlE THEEMIZ18s B TRERADBITZER TERWVWI EHAMBAINTLS D, PEMKERETIE, KBS %U)ﬂ’c%&L\J&;ﬁﬂ’muﬂkb%ﬁ‘—(én’cbb?’
BUOBEMTH > THERBEECBRITHEICET 2 0ATHS] LEEZELTWBE, ZDk, PEMAERICOWTH, A7 aXPRHEIhTEY ., SHOZERD

TNBRATH %,
[1] ECHA, “ANNEX XV RESTRICTION REPORT PROPOSAL FOR A RESTRICTION, VERSION NUMBER: 2, DATE: 22.03.2023"

[2] Hydrogen Europe, “Hydrogen Europe Position Paper on PFAS 2023”
[3] https://echa.europa.eu/documents/10162/2156610/230405_upfas_webinar_ga_ds_en.pdf/3f47fdcc-17¢5-4b37-b758-720bb7e462f3?t=1687893645025

PFASHRBIRFT DN BFORRELBEHE
BERM DR BIEN ) AGC Jll BTHRM | HREBIEH
S e e Sy . 15 = 2 54 UFOELSHICHRLT 51
n SHEBIRIC OV TECHABRMHE S R OBPIE B2 AR
L] A %
= RUNE2025ECEEA, BT BRI TA2027 E BN SERAEEHB1, BE1TH D THRES & U@'ﬁ 1y RE AT (VEHE
KTINEOBRIFESNZRE, ECHADTOLRICBMIEBL TH, MBIRY 51~ UEF350 AMGICEEAE L WAL PFASORERICAD B Al D &
» AGCHI—TELTE/ Ty MeiiH LHREYEL I TICRESNTEY ., EERRREICH S
i’m_ Ho
BERMICBIS © ECHAILE 2 [0/ XA H T, §PYRE B AR B /AR + TR AREOBRMONEYES HHICHE > TV
MBRETOCAORN  © WM ERRURHA NI AIRITAR AR, MEE CBROREACHE B2 THR/IRIR WwWh. F£7-01E Eﬁ%u DREREZBITHERTEICERT S =
© BURANIAZ AWM RS TP BRI SMTHEE TR (l: 75\—C g 70; L\ 701_ &
g _(EEEEERE ORA-ARS 1260 UTOLborEEET 25
URiiuon WAKiuwss O N BNEN | swemsess | mvasmea DO . BATE B & ORRFIIC ;efﬁjﬁaa REWE AT BB ST
o T A EE MGICHFELBEVWI & Z2RT, FIRIE. AREKOEAHT
. o= PFASES £ %4 W AR Db 3 REMEHNBE S Nish o
PFHXA(CE) b %2 =7=% L\'{T;E *Uﬁﬁ__[ Lu@b@h\ﬂhz'liﬁ‘mb‘iﬁmo

. PFAS7 ) —REME DRI /- 1ZTBFH LB DEAEHEED
2 TP EABAIZZER TE R WSS,
(HiFT) ECHA, “ANNEX XV RESTRICTION REPORT PROPOSAL FOR A

o RESTRICTION, VERSION NUMBER: 2, DATE: 22.03.2023”
MIZWHO & FUud—F&7o/0J—-X © 2025 Mizuho Research & Technologies, Ltd.
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PEMERIE X —h—XH¥ 75 1 ¥ DPFASHEEI DR 5 ERE ) 7 X euRFER [

m  Nel Hydrogen|Z BRI TIRE S N/-PFASIHRHIZEH WY X7 & LTRIFIEHTW S,
m Rl KEEZEAOREIE BHXKRHMAOBFHRMEAL] CAhZUEMENHZEBEL. BHllcHdTsY)a—av
&L CRMHDRILARREBEERDOFRKZIHES

Nel Hydrogen®PFAS#i#l D Y X & 5l PFASHHINDEL OXF LA &t

RL#A Hcﬂﬁﬁﬂﬁtﬁﬁbt.?dwa SA7 hOT 770 MEERBE R B U - B IEHEGR

CATEGORY RISK AND OPPORTUNITIES 2024 ,)ﬂ N 7F "]
2030 2000 B OIELPRFE ORE DT
1 Carcon Emission Tax L] . (R EEh=)
. ERM‘&EF!:L,\IL I?jﬂ/lb hfat&ﬁbt )?‘ibl'ﬂiﬁl 79(3830)/2714 ”{WJ
2 Carbon Border Tax . .
Policy and legal
Tax credite enacted to praducers of hydrozen with low emission L] L]
|1 Regulation on hydrogen production and ts equipment (e.g. PFAS ban) . . I
ws  ERCORNSICNT RES T
Renewable Hycrogen certfication o L] [ ] I (uﬂmmnmmm)
Market risk <=5« CTO (B> d-PifR) 2R LERMEERLL. PRTECRE(CEIE
6 nsuffcient supply of critical mineras ni ni HYELRE

- RESEERREEORE(CEIFEY  HSHREIME/BRGL
o EPRNOEE(CBIRICOVTOIRE 9B  FEEEEES | BIEG

Disruption cn supply of frech water can affect market development of

Flectrolysers i i
Technology fisk o o o (ERTOSII MORBRBSE)
B omydiogeny e o RO TEEneRay Tor pOCUEE! . . . A~y . ffu-Am—/a/gﬁusba’ @s(ju/m Hdiﬁﬂkéub ERst
9 Product incidents related to extreme dimate events ni. - (m“@
Reutationa risc cml B ﬂbﬂ(%ﬁ?ﬁm"mﬂ')/xma)ﬂr')bmﬁmw') PFASHUH
10 Falure to reduce CO2 emissions =
11 oodng affectng preduction facilities ni. ni N *m W#‘i&'ﬁ%ﬁﬂk?b‘t éﬁb\ﬁ*ﬂﬁim%”ﬁa %Mﬁbtt'&.
,gj‘tl)‘ ];‘— 12 Water scarcity on strategic markets ni ni
13 Product Safety ncidents arising from climate acute events ni (H:“—:ﬁ) ﬁ v ’ r%%éﬁ% e :) v (2023£E8H 23 E) —I
LEGEN
ORTUNI L 1 T
L] ) High
. u
Low
Noir

(5 7T) Nel Hydrogen, “Annual report 2023”
MIZWIHO & FUY—F&F42/0V—-A © 2025 Mizuho Research & Technologies, Ltd.



PFAS7 | —BRREE OB BRES Y T X ERRFR

m UTOXRICRY L5 ICNafionz LR 2 ERMEREEZE T 2 RICWKERBERERDOENAHRESIN TS,
m —A. MAMICEL T, B+ oBEFEF—L—ICBE->THY ., FEHNHIRATH 5,

RIEDRALKRREREEDMRE

Membrane Thickness IEC Conductivity Temperature  Anode/Cathode Current density Stability [h) References
[pm] [meqg™'] [S cm_’] ’q [mg em™3 [mAcm™? at cell voltage [V]

sPSf-co-PPSS/TPA 170 1.97 0.063 80 Pt/Pt (1.12) 1A cm2@1.83V - [154]
sPPS Ns+12 278 - 80 Ir0; (1.5)/Pt (0.5) 35Acm @18V 30h@1A cm™2 (82)
PSf.g-sPPS - 1.78 0.062 80 - = = 85]
SPAESS0 20 1.89 0.330 90 Ir0, (2.0)/Pt-C (0.4)  1.07A cm™’@1.6V - (86
Random BPSH 40-50 1.9 0.17 30 IrO; (2.0) /Pt-C (0.4) 53Acm @19V 90h@3 A cm™ 83]
Multiblock DSQFBP-BPS = 2.19 0.466 90 Ir0, (1.0)/Pt-C (0.4)  3.41A cm™’@1.9V 5 (155)
SPEEK/Cs-MoPA/Ce0,%- = - 0.153 30 Pd/Pt-Pd (2.002) 1A cm™2@1.788V = [156)
1%

Microblock sPEEK E. E 0.063 80 Ir0, (2.0)/Pt (2.0) 1A cm™’@1.67V b (157)
4% MXene-Cu,O/sPPEK - 1.66 0.0105 30 - - - (84)
CeO,-sPPES - - 0.08 80 IrO, (1.4) /Pt-C (0.2) 0.99A cm~’@1.6V 500 h@1 A cm™? (89)

(HHA7) Chen, Y., Liu, C., Xu, J., Xia, C., Wang, P., Xia, B.Y., Yan, Y. and Wang, X. (2023), Key Components and Design Strategy for a Proton
Exchange Membrane Water Electrolyzer. Small Struct., 4: 2200130.

MIZWHO & FUY—F&7o/0J—K © 2025 Mizuho Research & Technologies, Ltd.
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ERE

R L ORILKFREROERE MR, WAK

. mTONvEEE (26)
EAZEEE  (1/3)
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ROEEZ
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BREA Y TALRERFR

Y77 AN DOPFASIREINDOIFIE A I EL D, ChemoursiZAEMX —H —~HE % EfE. GoreliDOED 7 A = 7

fTTIAYVIKEBRAZAY 7T LDORAFICEY A,

(=) PFASIRFINDER, A

Chemours

(K)

Syensqo
(RF—)

¥ SolvayH'RIHLDEV /3
FY—, 7V —kEEE
BELERFRAEAEZO
BA% % 1T 5 Syensqo % X &’
YF 7,

Gore

(K)

METIRICHE T APFASEEF 2> T
BT HEFE, 2030F X CICEET
BH O DPFASHO AT E L OKA~DHEH
BE799%LL EHERRT B & WS A EIB
f3,

BRI THRET X T LB PFASHREIZXT L
T, 7vEREET7vERHTRX (FH
R) EEBEINZINETTH B EER,

FRN CHRET X T UL BPFASHRE X L
T. 7 v &g EPFPE 2. $IfRZED
EHEISBEAT EH. TRTOARIC

NETHD L ER

FRMNPFASHR S ICXT T 2 B EPMILICD
WTIFBRRAR I N TWAR L (Gored®
BR55 9 5 GORE PEM M275.801%. /8—
Z)LAOEY. PTFEAEENTEH Y,
PFASIREI DR E 1 B)

MIZWHO H5FUy—F&7o/09-X

AEMKEB~DBA, Z D)

AEMD R Ry 7 T =H v RX#E % H
%9 %Versogen CK) ~HE
(Versogen D FIF ¥ 2R ILPFAS 7
U—)

NEIEROEFE T B TOKEREM
V7 =7 SRR R CAEMBIE R
~DOHEEDHEKIZE L,

XEMANIONEZ AY = 7 FCSE L TWLWACNR-
ITAE&. Solvay Special Polymersh*Solvay ®
AQUiVION® BARIC T v EZ Y LEEBA LT =F
RIBICDOWVWTHRXTHRE L TW B, R THRE
INTWLWBRICIZZ vyEDIPEENTWS,

2024F 3R ICRKR I N/-DOEDEEIR
HicbswtTr—~7vy7ant. %
ERNRTIVA Y KEBADSMAER
AN TZ7ZLRETOC 7 MN] I25
B (7AYo b)) —%—)

NHIBEHROHETIE BT TOKERM
T 7 =7 > YRR CAEMBE 3
~OHEBEDOFRFKIZA L,

https://www.chemours.com/en/sustain
ability/sustainability-safety/our-
commitment-to-pfas-stewardship

https://www.versogen.com/versogen-
closes-series-a-funding-raises-14-5m/

https://www.syensgo.com/en/innovati
on/pfas-eu-regulation

Alessandra Carbone, Sabrina
Campagna Zignani, Irene Gatto,
Rolando Pedicini, Claudio Oldani,
Alice Cattaneo, Antonino Salvatore
Arico,Aquivion-based anion exchange
membranes: Synthesis optimization
via dispersant agents and reaction
time,Chemical Engineering Journal,
Vol 455, 2023, 140765,

https://www.gore.com/system/files/20
24-02/GORE-PEM-Water-
Electrolysis-Datasheet-EN.pdf

https://www.energy.gov/eere/fuelcells/
bipartisan-infrastructure-law-clean-
hydrogen-electrolysis-manufacturing-
and-0?source=email

© 2025 Mizuho Research & Technologies, Ltd.
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m DOEmZ7'A¥ 7 b [Advanced Hydrocarbon Based Proton Exchange Membrane Water Electrolyzers| Tld. 2024
FEhORICKEREFRERORKICIY BATEY., 2027F £ TIC [26cm2E/L % AL T1.8V (3A/cm?) TEE L
FE23mV/ikhr] ZB#ETELTWS

m  80000KEDEM L IRET 5 L BELRI30.183mV (I0%DEEEKR) THB I &h b, FHRRT—ILTHin
80000hZ RiBY Z &N TEDRILKBZRERERORFEZBHIET LBESND,

A=A T Advanced Hydrocarbon Based Proton Exchange Membrane Water
Electrolyzers

HAR Project Start Date: 02/15/2024
Project End Date: 02/15/2027
pig-! $3m
7oz FBIE PFASEE D U EDRE ICAIT I RKILKRREBRERE TAF / ¥~ — DR
A==/ 80°COEMEDT., 25cm2/LAAWLT1.8V (3A/cm2) TEBELARX
BEE 2.3mV/khr
SEE (S EKE) +Cy Fujimoto (PI, Sandia National Laboratories)

« Sarah Park (Co PI, Los Alamos National Laboratories)
«Ahmet Kusoglu (Lawrence Berkley National Laboratories)

(H£77) DOE, “Advanced Hydrocarbon Based Proton Exchange Membrane Water Electrolyzers (2024%38) ”

MIZWHO 3 3Ud—F&72/09—X © 2025 Mizuho Research & Technologies, Ltd.
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BRES ) 7Fx LBER )

™ AEIVI7}<EE,@F IFUATICRT LIS, ZILHUKER., PEMKEBEOEMNEEXEE T 2REMLH 5,
AEMAKEREZ, BEETIIRST7 A YIBEERANTWDD, 7ILAHUKEBRLY L7V H Y BERBEEZERBT 5 LN T
X% (AIMKOHZHW3DAER) . HEMICIIHMAKTOEGHRBREINTE Y., SEETILAYBROERICERT S T7/LAHY
IKEEOYLERFEAXERTE 5—_[”5'@7{7‘37)%70
AEMKEBREIL, TILAVBRED/-O, EIAX M EEMEZERRIETH 5, FFICPEMKEBR THEN BRI NBIIUNDEED
ERIRIEETH B, £/-. AEMKBRRICHAWS 724 v a3HaEld, PFASY7 Y —DEAREEINTWLS,
m —5. AEMKEREIZ, 7ILAHYKE ﬁ¢’PPEM7}< EBRRLIEERL T, MR AEINEL, BAIICEIT TIIER MRS NELRERRE T
»H5, %Cfﬁ4k’6‘iNafion<‘:tt$§L’CT THBEDOMAMEIFIEL . 41 F &M, (CFHREME. EHATSEZMILT 3B
FEHRHONT L,

AEM/KEBEDF . (EvolOH®DNautilus) AEMZ/KERDTRL

() Ideal for large industrial applications

Up to SOMW per module

Low—risktechnology () Security of supply for future demand

® Mature
@ Market uptake
Demonstration

Large prototype

T 8 [
Compact and lightweight @ Simple logistics and integration § Small prototype
o 7
:
No PGMs or PFSAs ) Very low cost and easily recyclable -g 6 ——g———
8 AEM
[
> 5
P\ug & Play des‘\gn () Requires existing, low-cost power/heat management units 8’
S 4 —
]
Electrochemical pressurization ) Lower OpEx ,§ 3
2
No corrosive electrolytes > safer, low maintenance costs
1
Fast response (2 Load following operation 0
Electrolysis

(HHFR) https://evoloh.com/product/

MIZWHO & FUy—F8&52/09-X

(HFT) sbh4 consulting, “Electrolyser innovations PEM, alkaline, SOEC, and AEM”

© 2025 Mizuho Research & Technologies, Ltd.
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m AEMKBREADBERIMAMTH S, BFICF—aVR—F Y FPOT7 A VTHBERIEEE T ILA D BRFPIZE WL THALEA
BEIETIZZEPHoNTEY., TILVHAUEBEZERT A ETT AU RBEORFGILHIEN S,

m —H TLHVEEZERTZET A VBEOT7 A VEBRHETOAREOT, BMRIGCEENET UTAR) .
F /R —FEBI~NDODREEFICL D 74#/7—%%(MTEHEmT;7 LRI TOREREICLZTAF /< — @ﬂ
) REICLBAWAMETHIREE LS, BRTIE. 1MKOH%2ﬁH WFFREFIH L W,

m IMKOHEZEBRZRBW5Ee., EEr Tl TWwWad 7=

IR % W\ - RISEHESEH) (2 3T FE ~ 100008 ERRE (&

w) THY, fﬁ#k@T:ﬂ"/ﬁcTﬁ‘éﬂﬁtiNaﬁon<‘:tt$§?‘%’> c‘:ﬂ'ﬂﬂ‘ﬁ’l‘it:% BD 5,

KOHBE P EMMUREICE LITTHE

a
()z1
20+ ™ < v - © -
/ ,// ‘///
-~
19 ’,. © //( * ///0 -
S8} 4
@ / / /
D17t = 4
= -’ /v ,o’ —=— DI Water
S16f b v o - 0.01M -
ey 0.05M
15 by o —y—0.1M 1
ai _f? -~ 0.5M
' —e— 1.0M

13 ' A A ' A A L A
00 02 04 06 08 10 1.2 14 16 1.8
Current Density [A/lcm?]

(X Fr) Jiangijin Liu et al 2021 J. Electrochem. Soc. 168 054522

MIZWHO & FUy—F8&52/09-X

TFILHYEERBBREOTAF /v —~DFRE

BEMRICEEET RIGEH
7/ — R b ©
HhoKAERS KOH{tES Pure water-fed Liquid electrolyte-fed

o°°a°

- ? o o®° ©
o .
002 "1 0
O 4 \J A
) ! T 0

a,o

ooO

B Catalyst
I
I 'onomer ° 3 i
o Ak
- AEM ot O
0 o o °0 °
Liquid electrolyte ° %0

00 %o

— TAF /7 —/EFEBRE
— ERA/EGEBRE

(HFr) Jiangijin Liu et al 2021 J. Electrochem. Soc. 168 054522

(HFT) Dongguo Li, Andrew R. Motz, Chulsung Bae, Cy Fujimoto, Gaogiang Yang, Feng-
Yuan Zhang, Katherine E. Ayers and Yu Seung Kim. Durability of anion exchange
membrane water electrolyzers. Energy Environ. Sci., 2021, 14, 3393

© 2025 Mizuho Research & Technologies, Ltd.
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CNRFRDKZERIGDE KEZRBEICHD HKEBEROFIE [

m 2050FECNERICHEIT TCSEREROKEZENBEIIRE LK. S500MBEIRIEDGELL ICESRBL,
m 5% Y —rKkE (LBERE+CCS. KERE) ODHEBEHNAKE BN, KEBKERENEFZHD S,

IEA Net Zero> V) A TOKZFIBEREL IEA Net Zero>F V) A TCOXKFHEERBEL
v EGENICIIEER: (BaBR - TEMA) K%, v Rt (2020) TIHMLBERER - BIEKEAKE,
v HBEIAMNICIENRAOM, EE - RERATOFANLAK, v SEBRALICTY —vkE, FISKERKEOHRBENIILK,
£ 600
s

500

400

300

200

100 J :

0 2020 ' 2025 ' 2030 ' 2035 ' 204 ' 2045 ' 2050 2020 2025 2030 2035 2040 2045 2050

D AERE B ITENE D ESTM B ®h 0B #EFUEST | BEHATRISKR m tE ® {L5+CCU

(HFF) IEA, “Global Hydrogen Review 2021”

MIZWHO #93UY—F572/09-X © 2025 Mizuho Research & Technologies, Ltd.
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FEX—H—Bm (FILHY)

m R A Y DThyssenkrupp nucerah’ KEUKEBRREE % 787 ITHEE,
m BEOREILKICIMA. REHEICLYEEIX 2 KIBHIRT %A H HEHE,

Thyssenkrupp D/KEBfRRERFEO—Fvy 7

A= 7Yy T DEHE

v BHERIRORMITEN20MW,,

v 2021F6 BICIKIGW/FEAEKE
PREBLERNEIAT DEHEZE
FRU TN, 10BICIFEER
BRESGW/FAETSITHERT
SEtEEFR.

Pave the way to industrial series production with high volumes
and strong partnerships

GWRT—IVEXRTSFER

OE#E(L-EYa1—IUL
v BEE(EINIZ20MWEY 1—)L &R,
v TSN EFIY—=IVDERICEL D
IR DEFEE

= mmmmmm e Ml s ansan

- .. T "

L e

Assan AnAAL

nnomn s

- we

=/|: AXASAL W ARAAA
e | i I

. -

EM:Christoph Noeres( ;!yssenw&)‘Why the Industrial Sector is No1 Driver to Scale-up of Green Hydrogen Today”

| CEERGORE
v RSB R A OB ERE
BRSO T2 H2Giga B,
RIEAERR Y RS D6,
SEREREDHOERE ORT 1 72
U —

8 Thyssenkrupott
FUATI=Z

(HHFT) Thyssenkrupp nuceraft B8l % & L ICHATIFU Y —F T2/ AP —X{ER
MIZWHO & FUy—F8&52/09-X

© 2025 Mizuho Research & Technologies, Ltd.
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FEXA—H—B@ (F)LAhHY)

Thyssenkrupp nucera® K#PJI% LT ITRYT ( [KEREE

Thyssenkrupp nucera® KE/KEMREBE A FHE

n'l'ﬁ

BAOCz/ b
- ¥ (H)

Hydro-Quebec
(hF %)

Element 1
P
7)

HydrOxy Walsum
(F1v)

Air Products
CkE)

(LA BERRERE S L ICHT

IKAEED T ) —kE L EEY 88MW
EERICAR ) —IIL IR/ —),

DMEZ%: & DARl % &l

K - RADEHHL BT —v 20MW
k&% BIE,

(NEOM®D 17 = — X)
FAYDIRILF—FFEEDIgony 520MW
ET a4 RTINT=F7ILRLD (20274 1%
Sl E 1R FETRERICEREE, 2 15TMWERE
% KBBXEFT Y — v kE%EF FE. =&
B¥E. AJ1Z520MW

ICE5F
)
2022438, Air Productsh:kE7  40MW

VY FHIMAY oS Fc—H10 b+
YT —URIEKEERET B
MEER DR, EEAEFRK, RO
Ty MIEWT, 2BEDT7ILAHY
7K %ﬁ#%?m{ﬁ?é ‘f"]ji’
Thyssenkrupp nucera & Air
Products A\ g, S L 72K& (%
EEY T4 EITICHEEFE,

FUVHY—F&T27 /03 —XERK

MIZWHO H5FUy—F&7o/09-X

DEEDEZLEDIRR] (S

(not exhaust)

2023FEH ¥
BERFA T E

2023F E#r A
¥ E,

2027 E #nfA
BT E

2023 F &
HBFE

LEHEADPIZERRL) .

202118 IC88MW EBfEEDHRE 7 AP =
JhEZELIZEREK, (Z0E. NHE
WAR—ZATIHNIBEROEHEL)

2020F 128 ICESIREZ Z 1T 7- L HKK,
(2D, DNBRBEBN— X TIHIEROELH

L)

2023F7BICEUN L DESIBM A FKK, F

D, 2024F68Ic, A T FHEIE
LTWBZEARERINT,

(Z D,
L)

NEIERR— X TIRIEROEH

* Hydro-Quebec
%5)

- NEOM (EEZ#R
)

- lgony (ZFJL
£-)

%2023 1 A DIERSIR
IC& V. Steagh B &R
rE,

- Air Products (7
EHR)

© 2025 Mizuho Research & Technologies, Ltd.
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FEX—H—F@ (FILHhV)

m  Thyssenkrupp nucera® A& PJI% LT IRT ( [KEMRE

Thyssenkrupp nucera® KE/KEMREBE A FHE

B ) ijrﬁﬂﬁ’é)\ W (202541831 ABR)
SHE

BA/RYz/ b
(=)

Unigel
(7720L)

Andalusian green
hydrogen valley
(A=A )

Bell Bay
Powerfuels

(F—ZXF3Y
7)

(AT BERRIE

BebilcHhd

TIVINDERBRX—H—
Unigelr@ 1} I260MW 7 )L 4 1) 7K E#E
BT HETHE, FEIALYDOT
V—VKkRBLUVEER DT
V=Y T7YEZTHEEINDF
T BiE L /KR ITERME. A
fE8l, e-fuel. BBRICT7 7 JIILD&
EORMEIICHIES NS FE,

ARA VDI XIINF —FHERET

HBHMoevelg ARA > DT >V XL

<77 TAndalusia Green Hydrogen

ValleyDFF ICEY fB A4, B—EXBE
¢ L T. La Rabida Energy Park!(C
Thyssenkrupp® 300MW B f#fE % &
A L. F@E&AK4700057 k> DK

REBEFE, (FRYzIbT

I£20304F % TIC2GW D EfFiE % &
AL. EH307 b v okEZHE
F5%)

TN)—= X&) —NETY =k

R IRIGEZEE TH 5 ABEL Energy
iE. A—XAEFUTDORXRRYZT

TBell Bay Powerfuels 7R = 7

MCERY A, 7Rz 7 bTIE

JY—> XK/ —ILEEMIA L

v BUEFIE,

MIZWHO H5FUy—F&7o/09-X

FVY—F&T7 /BT —XMER

(not exhaust)

240MW
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260MW 2028 FE#R @G
¥ IE

BEDREDEELEDIRR] (2

LEHFADPIZRKRL)

2022F7HIC20MWEY 2 —IL3EH LA
560MW > X T L DI A Z2H] % Unigel &
. 2023FE3F ICITBREE6O0MWAH D
240MW A & 803 HE % i,

202458 12, MoevelfAndalusia Green
Hydrogen Valley® 55 —EF&[a | (2300MW
DEBEXMGT2EBEY 74V —L L
Tthyssenkrupp %2 L 7= & &FK, X
T. Thyssenkrupplf. Moeveh o EfEg 7’
7V FOEREBHEREEZE, I DIC,
FIDX TD 77 ¥ FEREEMERICEH % 5
an‘i’@E*ﬁ% TT 7 '?’/Io

20245282, ABEL Energyh'#+—2X k7
VPRI 7) It Tchd
WorleyE IR T > =7 U >V 724D
pitt&sherry ICFEED, FIDX CTOYKR— k
ZHE, MAIIFIDE CRELBERY —E
2 %1RHd 5, 2024F38 ICIZABEL
Energy (78 =7 FICHER260MW
DEMEBEOEBLY 7714V - LT,
thyssenkrupp% &7 L 7= & &K,

- Unigel (BB%H

- Moeve (T F/L
F-)

- ABEL Energy (7
D=V AR/ =&
7)) — v IKEHIESE
EL:))

- Worley (T>>=
TUv)

- pitt&sherry (T~
S=FIYVY)
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m  Thyssenkrupp nuceratt I BIEER TOERBZENL T, BRI AT L LY —EXREHITES,
m EPCOIZHTIE. 7IL—FBEDThyssenkrupp Uhde & &EH#,
m F—IBMOERELGIC DL T I De norad HHEE, RIEITAgfah S FE,

FILAYKBREDNY) 2 —F = — & Thyssenkrupptt DiFHEE

BREI2-L BOP & e Bl H—E2
— Selectively provided! Advisory? Advisory!
o] b
=1 b ] b ] I ]
2 —_— I
o
&
= Selectively provided® Advisory? Advisory®
52 —
CI:_:F I ] ]
=
=%
54
T3 B
> — =
& e AR {E
=
- E
T
ES
= g
o
Business model - Scope provided Scope coordinated by thyssenkrupp nucera, Pasitive Negative
scope by thyssenkrupp nucera executed by Partners (e.g. Uhde, De Nora)

Right to left increasing attractiveness

S INMMERSOER Y AT LAET—ERERITED

(HFT) Thyssenkrupp nuceratt Efl % £ L ICHAFTIEV Y —F & TV / AY —X{ERK

MIZWHO 3 3Ud—F&74/09—A © 2025 Mizuho Research & Technologies, Ltd.
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m  Thyssenkrupp nuceratt ®H — £ REZE TlL. $FIZRefurbishment (f8#&) - Revamp (EB&3Hh) A3/4IRE % L8 5,
%) tixmﬁ*ﬁunwmtt%“&&»# B 2%,
m BEBEBRN—XDOTILAHVKERICEWTIE, OMEBENEOLH TCEELMNEZ LD D I ENRTENS,
(@@»%;@m B L DREHREL)
m RITFAREEES 25 LS - EPXADEFHPEAZSHEICEL TOLIBE,

TILAHYKEBBRD/NY 2 —F = — v EThyssenkrupptt D3 H%EE

Services offering and digital solutions integral to thyssenkrupp nucera business model providing
high recurring life-cycle revenue and addressing plant operator key priorities

HMustrative plant lifecycle ‘ ‘

Start of
operations ‘

Service phase
Outlook: Performance-based support, asset management and availability guarantees (e.g. 0&M contracts, Leasing, BOT?)

Engineering, Consulting
Support for plant operators early on and on a continuous basis

- Service revenues split? =

> After c. 2 years reqular delivery and exchange of spare parts on request

\: Refurbishments and Revamps
(available as full service)

Large refurbishments (e.g. coatings)
to start after c. 6-8 years

Leveraging thyssenkrupp nucera’s leading position & service business know-how in CA to grow AWE service

(HEFF) UIf Baumer(Thyssenkrupp nucera), “8. Technology Service and Digitalization”

MIZWHO & FUY—F&7o/0J—K © 2025 Mizuho Research & Technologies, Ltd.
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i
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P LTS Azl  Hydrogen 2‘/9 —— | KA : ) | poe-
)= M-l Council R associarion DNV s Sk BIf+JUk  EIx . EHEE « MCH 18
BRER 3#Global hydrogen demand by sector in the Net Zero Scenario, 2020-2000 [EA - -

(HHFT) 1B1EA%, [NEDOZZ: - MBI EMARRKES2023,7) =4/ R=> a3 VESE
(HPR) JBACRE, =707/ RS (2023F12721R) | % /BT EEROTHEEA L ATRE L 5 AELE  ATREBOACEINE
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MY = I ALTS Y FOES]
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2% bR D V-7t (R2) OEY A

FEA—H—BE (FLHY)

m JBIEAIE. 2022F 2R ICEBEARBEERAT X VY I/RESFLUVULE  TEERICFHML LAY R T LORAR -

EettTHhIR2EEIL,

m BEREBEOEZRY VI TEREODHDIREEEBEL, BRI ODEEHRIRAZE=ZRZY V7 - #l# L. B EEL%Z Y

R— b, MEFRA - X TF v ROEELICLY,

XA LDRIMEER B,

B T—RAXT AT, V7 FEAT, SEROMICRIEI NI VR —F 2 FH28807H H 1630 EICED L& T B,

IV OREATCRFIEFHET LT Y X L

PROCESS DATA LAE DATA

EMOSE CELL PERFORMAMNCE
ANALYZER

Y 7 FEAIC & 53 R DR

EMOS®E Celf Perormance Analyser Inputs/Oufputs

(HF) https://r2.ca/knowledge-base/emos-cpa-datasheet/

MIZWHO & FUy—F8&52/09-X

Total Components Replaced
After 8 Years

&

R2 CPA
Maintenance

Standard
Time-Based
Maintenance

(HF7) https://r2.ca/products/predictive-maintenance/emos-cell-performance-analyzer-

© 2025 Mizuho Research & Technologies, Ltd.
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m FESBROBRA4EHDLI-0GAME P R EMR., RHREM (AEME) M EEZOND,

HTBALER D 7L H V) KBRS SRR

hB{ERR DK EAFSE R R AsahiKASEI

OIS A - E4485 : GIE2Phase2 PIEZBUTRERLEEEL, JU-2KFEPIZZEIFORSY M ARL =230 JUNDZERT S,
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MM 12ER RIS SEBIVEE KRB ERREITPIAOSTE
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(L2 -2, WA, Oil8Gas. #AKY)

KEARRE BETZIHY (aismmn - SHAMA—ABAELILEL TOMIE)

REKIEBUSRLT (AEMOIGA. RBY., fMhitkE5)
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FEL—h—F@ (PEM)

m  Siemens Energy(32023F (2L 1) >~ D Gigafactory TR X v 7 D EFE % FitA,

Siemens EnergyD/KERFBEREA—Fvy 7

[B4t [E Thyssenkrupp nucera@#& I K 4 Y DH2Giga7’ A Y = 7 FADSE D ITWAERMRFEICHEY BT,

2=V 7V T DEtE

0.1 MW
v BESRFOREMIT2018FD
[Sylizer 3001, l 2011
(HEAH17.5MW, KREEE335ka/h) | siyzer 100
v 2023FLIEEIC, Sylizer 3000 | tabscale demo
ﬁﬁjﬁyhﬁ*ﬁﬁo ~30tofH,

v 2028FLIKE, KU KRBIDERESE
(xS U2 TS50 b EEHE,. GWR

1MW 10 MW 100 MW 1,000 MW

2015 | 2018 2023+ 2028+

Silyzer 200 Silyzer 300 Silyzer 300 plant | Large scale, modular design
~130 kOH' electrolyzer plants

~1700t of H, -

World's largest Power-to- Biggest PEM cell in the Pre-engineered and pre-

OFEE-EI1-)E

v ISUNREOBEL-EY 1L

i
?,
s

50 MW plant design based on Silyzer 300

Digital engineering

P

Prefabricated group of 4 modules

Silyzer 300 array system design

/J,_ ) l//\ Gas plants with PEM world built by Siemens fabricated electrolyzer
o electrolyzers in 2015 and systems enhanced with
2017 built by Siemens optimized operational
concepts (digital twin)
GWRT—IEXRTSFR

QEERMDMFE

v BGWDEERIEANDFER LR E
RiBZ =Gigafactoryi@
(EEMEr DEmEDER)

v RV ERHE -MRADEREESE
iR O T2 H2GigalllE&E,

g8 Armin Schnettler
(Siemens energy)

“New Energy Business Large-
scale PEM Electrolysis for
Industrial Applications”

(HFF) Siemens Energyft BRlZ 6 L ICATIEU Y —F & T2 / AL — R

MIZWHO & FUy—F8&52/09-X
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FEX—H—8MA (PEM)
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R7’0Y 7 bTlE, 240MWERERE TH
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EY 5B, 2024FE38 213, HIEKRET S
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PEM/KER FELEDEY HAHEH

FEX—H—8MA (PEM)

Siemens Energy® ABIPIZ LU TFICRT ( [KEREE

DEEDEEEEDIRNR] IS

Siemens En ergy@tﬁ!*%ﬁﬁ@%’ﬁ%ﬁ)\%@not exhaust)

BA7OYzs b
- ¥ (B)

Murchison

Renewable

Hydrogen
(M)

Kassg
(Fv<w—7)

Hy4Chem-El
(F4)

(AT REAREREZ L LICHTIE

KB - BRAFRBEDNATY v K
DGWOBI X LY EAFA - &
HEICERBKN200R8 F 0T —>
TYEZTHEET BEHE,

3GW

B I *ZFE%% DEuropean Energy 50MW
0)!351@ T # % Kasso MidColZ

TY—2 DKassg T U — >k

R2L, NMFTRBELLEINE N
7-CO2% & L TERRKR4L.2H b

YDe-X R/ —ILVELEEFE, B
ELTe-X &/ —ILiEEERITIC
HIEFE,

EFERAST b rokFExEETE
% K BIEEE % BASFD
Ludwigshafen® 7°Z > F IZE A,
KREFBEFEREET AL X IER
SINBFE,

54MW

VY —F&T7/AY—X{ERK

MIZWHO H5FUy—F&7o/09-X

20264 (C

71— R1DH
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EEL, 20
BEETE,
20294 (C

T — X205
BT F

L-F_o

2023F & FIC
e-X %/ —I)
EERBFE,

20255 |2 &R
FA%A T IEo

HEHFADOPIZRKRL)

n'l'ﬁ

2023F 128 IT/KEDEFE - B & HES
HB37-0KEANY FXREZ— 7875 LD
BIMEMHE6 DD I bD—DITEEINT,
BIMEEE ITRHBEXRETI2HELNDH S
M, ZDTFTAY I bH, 2024%E68 (CH
EEZARENAICIEH L 7=,

2024108277 v b OEERADIEHREICHE
ATWDS ERFRINT,

2023F11 812 KA VEMPRE - [IRRE
BETGAYT VL - TTFILYMNDSUE
24305€ (1183,6205 $) DBF@BIED
BERRHEAEERICARIN, 7RV 7 b
BEREBEICADFETH D EHREKRINT,

 Hydrogen
Renewables
Australia (BT *)
- Copenhagen
Infrastructure
Partners (3% #&)

- European Energy
(Bx*x)

- BASF ({t%)
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PEMKER TELZDERYEHE ERA—H—B@E (PEM)

m  Siemens Energy | {PEMK B ORFE X —7 v FE LTUTZEBIFTTWS
>CAPEXHIE : EfE#D 32 MER - 2 ERZE1L,
>HTER 1 IVA— 7 Dk - Polarization rectifier (2528) DR,
SIrEHIR | 278 1£22F L T86% DIMEAE (kg/GW) HIiR,

Siemens Energy®PEMKERDRAFE X —7 v bk

Technology roadmap - three strategic targets

SIEMENS
cnercy

CAPEX reduction Technology innovation Ir reduction

Improvements of polarization curve

-30% sp. cost reduction (mid term
et ( ) enable:

Medium pressure reduces compression
effort and...

.. enables increase of current density

Cost neutral efficiency increase

Cost reduction w/o sacrsacrifying
efficiency

Customer benefit by stack replacement

CAPEX" of 100 MW electrolysis system @ 30 bar Development of polarization rectifier

kg/GW

- 2023
- 2026

Alem?

*KPI Scope (Electrolysis System + compression to 30bar

(K ) Swedish Hydrogen Development Center, “The Future of Hydrogen Production (2023%108) ”
MIZWHO 39(3Ud—F8572/09—X

Ir reduction by one order of magnitude

Significant reduction of specific Ir-
loading per active surface area

Increase of current density increases
utilization by gj,/MW

sp. Ir-reduction

———(86%)

SETISES 135
Confidential © Siemens Energy, 2023

© 2025 Mizuho Research & Technologies, Ltd.



PEM/KERE FELEDOEY HBAEH

FRXA—H—BA (PEM) 85

BLIEARNY 7HCAF MEEEICEN SRR RICKERDOERE R 2 BIF.

BREE) L LT, YATLA—H—ICIBHTBL-HDD/— b F—

B4 X ERIN D FEtt TH % Greenerity (FE4t) %#BL TCCMELEE -

A& FHEREHo

I (2, 2025 (C1Z3GW, 2030F(CIE>10GWE WS ETEIH RKL TUL S

B L OPEM/KERZ THEY A & CCMEEDETE

=AU R 17“/ tip/\ br—v RS SIEMENS
PEMEAKRRERL —kES Y. h—Roma— S RBIZAR cenercy

é‘ "*’4 "‘” |. ,;«}/

WML KRR EREB I ZREL,
EFNGE—AVR - TF O —KEBREB Elyzer ZRBL .
“TORAY’ Ta—n\)WET) =K TSAFz—OMEXBIELET.

Innovation by Chemistry

Capacity of
CCM (GW)
Water electrolyzer
equivalent

Expansion of facilities for
water electrolysis (plan)

Scheduled to
begin operation
in October 2023

2022 2023 2025

(HFT) EL, [TORAY IR £ 27— KFHESERICAIT-EL ORY BH HSEEIPIDEY %4 (2023F985H) |

MIZWHO  HFRFUY-F&FTH/0I-X

KEBEEADCCM (i E (T =
Oy TEEANKFEA —H— L HEEE
ER. £EEHE L TIGW%E LA % % (mE

'Over 10GW |

2030

© 2025 Mizuho Research & Technologies, Ltd.



PEMKER FEILFEOERY HAES

FEL—h—F@ (PEM)

m ERTIEAFTTET (HBXEMR PELVEOEREZRALZPEMAKEROREICERY A4, FttiZREH, HKER
HEDHFEICIYHA TH Y. 2030FEICZIZ1I00MWIR/KEREEE = FHFE T E,
m Y= A/ R= g VHEEE (GIEEEE) (28ML. BRT I XXy 7 TIEINEEE F TL.74V@2Acm2 & &

N7t EXR|EL TL 5,

AFTE7 (B BILEM) OPEMKEBRCOEY HA L GIESEX CHARDKERMLLE

2-1. BiLEMOKEREERMSRE - ERIEORDHEH

B 1970ER HER-BETVINIKEREBEORFE

m 19804 % :EAE S F(PEME K EREBEOMSK Q\-gﬁ%* g
W 20004 KFFEELEEHydroSpring® FAIL S
m 20185~ : MWRKEREBOBR S i

EV1-) AR KRR

GIES BRSPS E (2021 ~2025)

HydroSpring©®

PEME K M58 4 5 il AR TR B SR =
o 2020
2000

Y- e
PEMEUKRR S [ Enep

NEDO_RITEZOY T (1990~ 1999)

BREAEE (~MWiR) S
MW73-(2018). 1.5MWEi (2020) lu"eﬁ =
i

PIVhUKRERE RS 1.5 MWK SR
NEDO%> x4 Y TOITH (1974~ 1983) <O0.5MWIKTEfZ I x 335>

4

(HFr) Bané&ms, [BInEm o)L — 7 DPower to GasDELY fEH (KERE - X X 3 —
vav) . (2023%4B858) |

MIZWHO & FUy—F8&52/09-X

2. iRFMFTE,/ SEER
AFRARAS (1) KEFEBOKREYL - D1 )UCIAMFHFE

BE(L : 2025F (L TSATLMNET7% (4.6kWh/Nm3),

WEOTANAN—y PEADVTHECHNT,
20305 TS AT ABEB0%(4.4kWh/Nm3)x Rifi g .

(20224 PraEm) KEAREEL7SV@2A/cm2EREY. KPI

REIZHy)FHEICH T, MUBIREMEATH21-3(C40, EEEEEMH T TOKBARIEMEL 74V@2A/cm2%HiEEL., 20225 B
BEEmU, 2

BE77RENEA EXFH+ BERE

WUBIRMEAIS-1: WRBI15-1+BMRME1E-1 o [1.93V EETUREMEA
19 WUMRMEATH21-3 :MRMTH21-3+ MRRATH21-3 ‘/./ ET76%
< 1.84V WLBISRMEA18-1
AT@2A/cm? ~
; ...........................T/." .................. @ 174y WL MRMEATH21-3
w17 Y e © @ [mmasx
& o e © : Hitz
16 P2 @ 9 : ;
' P )
@
5| g :
4 80CHE :
0 0.5 1 15 2 BILEmEn
WRBE(A/cm?) AZy7MRBAOWL

(HPT) EL, [BEBKEY 3y (EERBEBEZSIV—VA/R=rar/n
VU e IXNF -BEEBRNFT—F 77— (2023F8H23H) |

© 2025 Mizuho Research & Technologies, Ltd.



PEMKER FEILFEOERY HAES

FEL—h—F@ (PEM)

< PR

YARNY

m EANTIEERAS R ESCREENAH

KIE BRI DCCMELER T2 B L 7o /KEREIL XX v 7 H[EFRFICE

) #E A, 5000cm2H 4 X @CCM%ZSEEE%%% Big 9 5tiE

ﬁﬂ%rﬂ’.ﬁ CCMEERE

SCREENIZ. BtthiT+« 271
BHEIRE TIE - 7= 295 - E2IEhT
AL TR EECCM (At
HEOTEREE) BEHETT &
NEDOZOY o+ Thid.

2016F M 5SCREENIG 4S5
B =G,

b troele. s ara

[ Sportim |

Roll to Rolls=

5'2"’ =t H

CCME5SEiE

(I — —
M [ Gperin

)
BT P84 Pl star]

HESCREENTL- AU —2

v-

KERADER

ERRAAESCREENIZ K ERER
T ILZ4 oD EREFEIZERY
HOZEE2021FICFHEK.
ARV EE A CCMOMDELEHTT
(Roll to roll) #PEMTEZKERR
MDCCMEBLEICERL ., BhETNE=E
{EIC L BKERETILAYVID
EIZAMEEES.

v

CCMESHRE THOREHFEICEI D EINRAFYIEIAME

PEREWTIEL. BLVERH

RRENTIZ. ML BHEBRILL. HE TR

EWH LT TS T .- tEsEOE®MEL
’ .. HEOVRIE
— BEICES
S @ - BEE R OIS

Bl AT Y 7 OEDZ FEE (1 A —28) i
KERAE LS A bW A HHEUEEH AT =2

(HANEZRH A, SCREENO 7L ZRY Y —=R%EHLICHATIEYY—FRT7 /AP —XER

MIZWHO & FUy—F8&52/09-X

© 2025 Mizuho Research & Technologies, Ltd.




AEMKER BAFXTETL—VYoORFERR FEXA—H—BE (AEM)

m BRI THEMWIRIE TS X7 L%ZER5E L TWL 5 DIZEnapter (2.4kWHEANEN])
SEX A 2T T LW AR,
m 2025FLRFICHE VT, BREHDSMWRRDREIEC Y R T LIREZETE L TW3

10kWi#R1E T 4 111X Cipher Neutron

L (B) REY .
EVa21—NLPAX

Enapter o 24KWZEAHAME LT, AR5EH
A4&2U7) WMO B % B
Verdagy ¢« 20MWEY 1 —ILZERT ES
CKE) 100MWIL E% B85 (i
1.2mXxX2.7mDO KBt L)
EvolOH « BASOMWEY 21—/ (BE— *
CKRE) R Ry UBRARSMW) % BT,
Cipher « 10kWZRZ v 7 ZB% LT K (10KWHHIE
Neutron 100kW. 250kW IZHLRF TEo ThNILEX
(HhF%) =TT
W3 IR5)

(HFF) SBABBEERARICATIEV Y —F T2/ 0V — R
MIZWHO & FUud—F&7o/0J—-X

2.4kWZEAREM & LT, BWMDOE G %
B,

20224E9R 12, 20kWEt /L (HEi&
3200cm?2) T. &ERZE TD1000/5MH
EEGABRET T LI R®EK,

IR TIE. 500kW R & v 27 (320D
1.2mX2.7mDO KB LI E X Ry 7)) TD
SERAERT S LIS, 2MWD/SA A Yy
F 75 EEES,

EVOIOHIZR % v 7 DHZRFTS 5 E S F
ZEFIEEE,

2024FE 28 D= T, EVOIOHDH R HER
TEREBDTRA N2 EDTWIERETH
Y. 2024FH (I IEEHZ AR 5 RiAH
ELTW3 (20, NEBEHRR—ZTIE
BHRDOEHFEL)

10kWR & v 7 RAFEZFHTH Y. BEIC
H—F DA > 7 Z7FFEETH 5Kuber
Group Africas ©2023F78 ISEX &3
TW3,

202346 A (2. lonomr & @ T250kW A
Ry HRAET B ERK,

20254 H 5 30kW R &+ 703.55%%_%1%55%%;10
2025FE 1 H30KWR X v 7 &Rz~ /ILF a7
Ry 7 DIRF %= BB FE.

202423812, ShellldVerdagy ®20MW

(eDynamic) ¥ R 7 L DOEATHIEIR ATREME & BT L
Ea—. EigA [HAZOP| (Z&M)L Ea—%5ET
L7 & FEK, S VerdagyldShello 70>z 7 kI
NUBBRT LT 52 EAFRRE A D,

2024F 4R IKRE DB T2 FEEE TH S Doral
Renewables &. 20304 % TIZVerdagy*Doral
Renewables|Z/KEE S XA 7 LA ZIRMET 5 & LD B
BRAIRIE = R R L 7=,

2024F ([CIMW R X v 7 20255 I [FEHMW R X
7 TDRERI%* EHEFE,

KEIC3.75GWDXH 7 77 U — %%, 202548
ICEERBFE. 156W D EFERIRD 5% 20265F
ICBIFE

2025412100, 250kWD R & v 7 % B ZALF E,

2023% 118 (2. FuelPositive N AEM/KERE X — 5 —
DCipher Neutron/ bk BEEEE % FRE S 5 &R
N— oy TEEERE (FuelPositive l3 4 EEFRAE0.3
b ridayDRE%IOEREFETH Y., ZDFHIC
Cipher Neutron D EZFEN &S5 T4MWHLETH 5
ELTWn3)

© 2025 Mizuho Research & Technologies, Ltd.



AEMKER FE/L—V—oEoAEMEE LD FEX—H—BhE (AEM) e

m  Enapterld24kWD/NBL S X7 LTH B A, HWBPGM7 Y — (ERET7ILAH VAR (0.18MKOH) O&EGFZZIRFTEL TW 5,

m  Verdagyld/m \VVEERL > VL IGEREEBA L T H20MWEY 2 — L E2FHFED, HR0ELEFERRICERRERE TN,

m  EVOIOHIEpH7HE D R R ER ARG - MBPGM~7 ) —D50MW AR EY 2 — L ZFAFF,

m  Cipher Neutron ' BIFFE A DI0KW R % v 7 |£, IMKOH#E - MBPGM 7 ) —TH Y, BREEL1IACcm?2 (1L.9V) TEEA AR,

m AEMKEBOFE/L—V—-—0OREOARAMEE LT, EMREEL L TEIMUT, ESBOFERARKIE L TIdmBEERE7 Y —ICT 3
FHTHD I EHRZ B,

EEZ (&) ARy, BREE Bl Y IOEERE EEEFER=E ERREE
EVa—-ILYa4 X

Enapter o 24kWZHEEARHEAF L L 3-100% (g 1 wt%KOH
“A459Y7) T. HEWMOE S % E (AEM Nexus) PGM7 1) — (0.18MEHE X
5 a - (7 / — Kt lE n3)
CuCoOx)
Verdagy  20MWEYa21—J)L%ZE 0.1-2.0A/cm? 5-100% 1D B TEEES KOH
CKE) A T100MWEL E % H A A HE CEEIZF LR
B9 (kILiF (B xE#Heit
1.2m x 2.7mD A E 4 A LT D)
L) -
EvolOH + BASOMWEY 21— [[LEn PH7{HE D R B %
CKE) (B—2&2vy 78K — - — PGM7 U — BEER
5MW)
Cipher s 10kWRZ vy & 0.7A/cm? 20-120% [y 1MKOH
Neutron (E#. BOL) - PGM7 U —
(h+%)

(HAT) BEAFEBERZ S L ICHATIEV Y —F T/ 02— X{ERK

MIZWHO 3 3Ud—F&72/09—X © 2025 Mizuho Research & Technologies, Ltd.



AEMAER EH 7L —v—ORABA (Enapter) TEA—n-B@ (em) [

m 24KWDNBIZ Ry O HIBEREKBAMNE L, ZNOEEAEDLESE L TMWEBOEEB% BT, ZELCLNEBEREYy /2 RBEET DL T
O R MERE K 2 EEE,

m  EnapterF L R— b Tld, 2022FMrEICH T HDAEMEL4A.0 (2.4kW) D X7 L3R F8000€ (3333€/kW) . 2025FE M@ ICH 1T 5 AEM
Multiocore (AMW) @D X5 L 3 X k550000 (550€/kW) . MAMEICDWTIZ2025FICHEWT Y v 7 ILa 7 OEREE, MW —ILDMulticore& 3
250000/ E & L TL B,

B INET2AWR Ry 7 ZHAREME L TRBZERL WA, LY KEDI0kWR % v 7 [Stack Model T| ZFEFEFR, ZD30KWR X v 7 %
EhEvLFaATHREZERTSI LT, LY RKRBEAFEICHIGT HE LTWAE, 2025FICIER Xy 7 ORBREELZRIBT 2L LTWA,

[1] https://www.enapter.com/app/uploads/2022/07/4-List-of-Assumptions_LCOH-Blog-1.pdf

Enapter®I{K, FHRRHEL Enapter ® 54 B FEHE]

CAPEX Values
Unit Cost
2022 AEM EL 4.0 €8,000 s CORE: Stack 4.0 (2.4 kW) In production
2023 - AEM Multicore £ ?OU’UUU .5 ELECTROLYSER: EL 4.0 (2.4 kW) In production
2025 Single-core electrolyser €2,500 . 5 Start of production (SOP) Q3 2022
- 3 xistin L
AEM Multicore £380,00 Pmductgs _Ls=4  MULTICORE ELECTROLYSER: AEM Nexus 500 and AEM Nexus 1000 (0.5 and 1 MW)

ﬁ:ﬁ Start of production May 2023, first unit delivered to customer site in Germany in 01/24
Technical Values

= MULTICORE ELECTROLYSER: AEM Flex 120 (120 kW)

AEM Multicore AEM Multicore AEM EL4.0 Single-core %@ Start of production May 2023, first unit operational at ABC Klinker customer site in 12/23
(2023) (2025) (2022) electrolyser (2025) _—

Power consumption 1008 kW 2.4 kW

Production rate 210 Nm*/h 0.5 Nm*/h Pre-project Planning Design, prototyping, small-scale testing ? m CORE: Stack Model T (30 kW)
Nominal power Pre-project Testing and validation e

consumption Under Pilot production

(beginning of life) 4.8 kWh/Nm? Development

System life 20 years Multicores with Stack Model T
Stack operating lifetime >35,000 h >50,000 h >35,000 h >50,000 h Design, prototyping, SOP end of Q1/25

Load factor 98% Planning small scale testing Validation / Build

\Water consumption 190 L/h 190 L/h 0.4 L/h 0.4 L/h

_ (K FF) Enapter, “Green Hydrogen Production with AEM Electrolysers (Investor Presentation, 2024
(HFT) https://www.enapter.com/app/uploads/2022/07/4-List-of- £3R8)

Assumptions LCOH-Blog-1.pdf

MIZWHO 3 3Ud—F&74/09—A © 2025 Mizuho Research & Technologies, Ltd.



AEMAKERR EE 7L —¥—OBMEE (Enapter) TEX—H—BE (AEM)

m  Enapter®> X7 LTI, 7/ — FADHKICHRKOH (1%wt) ZftisL. AV — AR LAVWAY —FF S/ ERzRAN, £
V=R R4 E&GIZ, [HhY—FAICEREREZRALBW D, BRICE>THONDZKEOMENBW] o [HY — FANSKZHEE
TEHODMEZHIRTE S| BEDH RN DH 5,

m  Enapterh BRI L TWB24KWED 2 — L TlE, T—HF—3HiKkOAERIET 2, MAIPEBEIND &, Y 2 — L Delectrolyte
tank? SHKICKOHAMt G S M. Z D&, XZ v I~NEHaE N2,

[1] https://handbook.enapter.com/knowledge_base/aem_technology.html

= 9
EnapterttHPEEE DX Enapter®2.4kWEY a2 —Jb
Cay
1
0 [ESE I Ouvent o
electrolyte + O, l
@] ov |® Ho
sk : |
€% .0 > 2
e R & |{= s
3 9 '
2 5 < 5 2 #ill / drain ‘e Ha vent
3 g_ > 5 g ‘::k 3
3 o g g g g s electrolyte tank AEM stack
2 g 3 c g
° ) 3 ° | TR 1
= s B R AR KA
o electrolyte
== o]
OH™
e @
=0l 0, [

@

— )

P&ID of the EL4.0

(HF) https://www.enapter.com/ja/blog/aem-water- (HiF) Enapter, “Owner's Manual Electrolyser 4.0

electrolysis-how-it-works/

MIZWHO & FUY—F&7o/0J—K © 2025 Mizuho Research & Technologies, Ltd.



AEMKERR B TL—Y—ofiiEA (Verdagy) XBEi8 ERA—A—B@ (AEM)

Verdagyld., 1.2mx2.7mOAE L IL A HER I E20MWE Y 2 — /L ZERTIOOMWEL EZ BIE4 &£ 3 %,

m  Verdagy?® BfEfEIL. ERBEICOWLTIZ0.1-2.0A/cm2, BEGEUREICOVWTIZIDEBEMNTEREEN AL T 2 (B rEHER%E

BAHET D) , BRERICIIKOHBREAWTWE A, BREKEEILIEARH,
FMTRREE & L Tk, 20225F98 12, 20kwWiREst /L (EFE3200cm2) T. &
IKTIE. BOOKWR X v o (32D12m*xX2.TmOKRKEEILE XX v ) TOREEEHET 5 & |

i (Vedagy DHPUIZER B & S2EH).

SEMEE TOI000 EEELARZ T 7 LIt L K,

| |
2. 2MWOSA Ay T T v b%%’éﬁ@)ﬁlﬂ

[1] https://verdagy.com/

Verdagy D KB AEMKERE Verdagy®t /L

\\\\\\\«\\\\\

4
Q
b=
w
S

ELECTRODE
ELECTRODE

(HHFF) https://verdagy.com/product-electrolyzers-green-hydrogen/

(W 7Rr) https://verdagy.com

MIZWHO & FUH—F87/05—-A © 2025 Mizuho Research & Technologies, Ltd.



AEM/KERE Verdagy® AEAEMKER Dt ILIEE FEA—H—8m (AEM) m

m  VerdagyDREFET 2AEMKERIZ. UTORICTRT L5 ABEEBN—XOEVEEICT = F y RIBEZHEA L BE,

VerdagyDAEM/KERD#EE (VerdagyiFer& V)

HO<w=/FK—NLF
B BRAOFMN
7/ —FEIEH 104 Y
Y — FOBRERKRE 103 \
B // WA
201 ;
s K1DOHEBDOE |
) / i )
. FeahiEn %,
v —F) %
& o 202
i
. 203
| " - BE &
/ B,
@ u @
[ ! ;:;20)&#@0)@3@ s , 7/ —FEriEh
¢ i RIERMBEE(X2H L% Y — FOBRRERE ;
X R X ‘ ¥3DIHED
i ) 7/ — hmmm RmRIE(%2) Kﬁégﬁ(fﬁ
@ [ ) kS 7 \/_Fo)g%‘;&_ﬂg jJ‘/_F)
-l R (%3)
(H47F) US11799110B2

MIZWHO H#FFUH—F&574/05—-A © 2025 Mizuho Research & Technologies, Ltd.



AEMKEfE FB 7L —V—o#ii8m (Cipher Neutron)

FEXA—H—8A (AEM)

m FEAREBEADIOKWRZ v 7E, IMKOHEE - IRPGM 7 ) —TH %A, EBREELIAcm? (1.9V) TEEAAIEETH Y. HD3300h0EEERE (UTOAK) %
BLTHEY, LETikELED LHREIND, 4. Cipher NeutronD /L |3 WIEICER KR = MG T 2B ETH S,
B 2024F6RICHRDTL AV —RIZEWVWT, REZ Yy DI RIILF—HEEA1.754kWh/kg (3h3R094.36%() % ZERK L7-&FER LT, mMEEZERLA-ERELT
LUTAZEIFSNTW5S,
> MMBEORKKRET (HROBHAREL., ERROVHERBENLNT 5L T M—ABRIGEEFER, HFFHES)
> OA—T 4 YIEM GRERELA Y7L EEa—T 4 v IENICE > T, BYRICEEZILASE 2 EHICARNTYH—ARISEZEEFE L. HEELTHA
MEmESES)
> BIVEREM (GERETERD
> YRAa¥vyy TEE
m  dynaCERT (WX D7) —rTv o dFE) L10kWREy 7z HRABHEE. BIOENZERIT TV, £ &y 72 lonomr (HF %) OEZERAL L5,

[1] 21 100% DIZEITKREIEICHEARTEF39.4kWhikgZ EICE H,

Cipher Neutron DAEM7KEf#

Patent Pending:
Cipher Meutron has patent
pending flow field design

AEM technology

& ' 0 Advanced State of
— Science A the art

Unigque ink recipe and methodology

far ink coating membranes, achieves
higher efficiencies

Ink coating:

AEM benefits

AEM:

Uses state-of-the-art

Anion exchange membrane to
separate H2 and 02 gases

Highly Efficient

B1.73% efficiency vs
industry standard of 77%
[HHV@ 1.8V)

—

4

High Ampacity

High current density
(1.1 amps/cm 2} enables
more H2 production per
unit area [(@1.9 V]

kS

High Pressure

Eliminates the need for
expensive secondary
Compressors up to

30 bars

Compact Design

Enables light weight

L@.‘ and smaller footprint

L N electrolysers

A

(]

No Platinum Group
Metals

AEM Electrolysers do
not use any precious
metals as used in other
technologies

L

Price Reduction

Less than $700 (USD)
per kW (@250 kW Stack)

J

A Highly Efficient Way To Produce
Green Hydrogen
[Lower OPEX)

Platinum Group Metals Free
(Lower CAPEX)

Longer Lifetime

[Low Maintenance & Less Service]

PFAS Free

(Sustainable)

20 Years of R&D

{Trusted and Tested)

(HFF) https://www.cipherneutron.com/wp-content/uploads/2023/10/Cipher-Neutron_Teaser-Oct-

2023_2023.10.04_1300.pdf

MIZWHO & FUy—F8&52/09-X

T AE L=

3300 hrs of performance of AEM Electrolyser at constant current density (600
mA/em? and 1100 mA/em? )

Degradation Curves 1 M KOH, 60°C
215
o'- .
21 - SO Al i
e b_ o
205 o o
s 2
(7]
B
5 195
19
> o—g - o %9 g 0 00 OO
13500L CODOJ_}.{)J)U L
18
0 500 1000 1500 2000 2500 3000 3500
Time(hr)
—o--1100mA/cm2 > 600MA/cm2

(B FT) Cipher Neutron, “Green Hydrogen Production at the Lowest
Affordable Prices (2024568) ”

© 2025 Mizuho Research & Technologies, Ltd.



AEMKERE EREROERY HAHEH EFEX—H—8m (AEM) 95

B —EFEEFTIIAEMKERO— Ry 7Z2RHKRLTHEY., 2020FEZFEICHMW Y 7 RDEFEHE,. 2030FELUE ICE+HMW 2 T X D3 A% B

HEFETH 5,
m [@itid. 2022FICBWS 7 ADOMRBEILT—REBT LAY KERELERL TRIBAERBEDOM L2 ER LI e 2HRELT, £

D&, 2024F ICIFHBEKWDOEILZRZ Yy 7 (KWZ T R) TEMREZERLIZERERLTHEY ., BREADAEMKERORFEA—F< v
TR T=HEENZIN TS,

AEMKERAO—F<y 7 (ZFET) BEKWDEILZR Y 7 (KWT 5 R)DIEHE
20305~ , |
N Fﬁﬁikgww) :
» A CUxEmEER
o | Te
T HAMWISR S -1 7
w [ o KB
5 ' (BBemtz/L)
! T Yy TEERE
%”f’; BRI > mEmEEERE 22 | (Brtome L)
?-y L VAR s ]

1 1 L 1 1 1 1 1 J
2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

BAREE (Acm?)

(HAN=FET, RRRESOEREBIEIKRRERNORRE ZEETKK

(HAN=2ET, MRHFLEOERT BIET KRS0 ZEE TR Tt = 0IEh
Vol.61 No.1 (2024) # G - FEAiTHEE

Vol.61 No.1 (2024) #E & - FrixATiseE]

MIZWHO & FUY—F&7o/0J—K © 2025 Mizuho Research & Technologies, Ltd.



FHOT = THBEOMEELLB FTEX—H—BE AEM) [

m ToFURBRETIE, AFEEE CFENREME. BT EBA D I ENEE L A BN,

. AFEEMICDOWTIE, Evonik D DURAION [ENafionIZ i 2 EE = #iE, {tFMNEEMEIC DLW T, Dioxide Materials D
Sustainion X37-50% F3 U T10000h £ 0 &#x (BEZ1L0.7uV/h) % EHE L -E6IrEE GERIEZRDOR—JICEH) .

m HEMETEEEICOWTIE, 5IREBE MBI RICEELRRETH S, RS ICDOVTIE, B OB EIENafion|ZTEd 5 KET
5 A, BEETE N ENafion & FEE L TIELY,

[1] https://www.creavis.com/en/success-stories/current-projects/duraion/aem-
technology/the-duraion-membrane-is-the-heart-of-the-aem-electrolysis-163181.html

g Sustainion X37-50 | Amenion series FAA series DURAION TEE:
(Dioxide (lonomr) (Fumatech) (SVI9) Nafion N - 115

Materials)

OH-EEE 80 >80 40 11101

[mS/cm] XH OIEEE
ASR[QM?  0.045 0.13 0.3-0.5 ; ;

IEC [meqlg] - 2.1-2.5 1.85 - 0.95-1.01%
53R X Cracks when dry 60 25-40 - 43in MD, 32in
[MPa] (Cracks when (80-110%) (20-40%) TD®

(BRI TN %)  dry) (225% in MD.

310% in TD)
SX¢50%RH. 23°C

[1] Evonik, “Anion exchange membrane (AEM) for cost competitive water electrolysis by Evonik (2021%118) ”

[2] https://fuelcellearth.com/pdf/nafion-N115-N117-N1110.pdf

XESTOHROZRELI TV H DL [Ng, W.K.; Wong, W.Y.; Rosli, N.A.H.; Loh, K.S. Commercial Anion Exchange Membranes (AEMs) for Fuel Cell and
Water Electrolyzer Applications: Performance, Durability, and Materials Advancement. Separations 2023 | #* 55|

MIZWHO & FUud—F&7o/0J—-X © 2025 Mizuho Research & Technologies, Ltd.



—F o BEOEIHAZEH (Dioxide Materials)

le

FEL—H—8Em (AEM)

m Sustainion X35-501(%.
7Y —-) HEE

MMEETIIXZ Yy VBEREI0% LR EZ X2y 7 DHEREMEMITTWS

1000085 TBEZ1L0.7uVhE DT AMK A FZE L TL

2= (BREEO.74A/cm2 | BRKIMKOH., MEPGM

. 100000B5E CEEZL0.7uV/h & {215 L 12354, BELE

130.07V, COBELZEIZELILEE18VE LI-BOBEELFE10% (0.18V) %= FTRIZKETH S,

BH Sustainion
(Dioxide Materials)

SRt
FHIT

StERRf
SRR

AR

L4 X 5em X 5em

7 =7 > %2 © Sustainion X37-50, Sustainion Grade-T ) — &8 51,

7/ — KR : NiFe,SO, %2 X7 ¥ L AH RILAEICA—T 4 > 7 (X37-50, Grade-T#HIZO—7 4
v TEIF1 .8mg/cm2)

AY—FBE: —y L7 7 AN—R_R=—N— |27 % —
> 782 7mglem2, Grade-T|314.5 mg/cm?2)

—yHLEA—T 47 (X37-501x0—T 4

60°C. 1MKOH T1A/em2 TR S,

X37-50, Grade-T#t(Z10000hiA £ EER CBEZE{L0.7uV/h%EER (X37-50(3ERZE0.74, Grade-
Ti%0.84A/cm?2)

1.6

)“o-”-,’dw#"‘m

|

Cell Voltage (V)
-

6,000 10,000 12.000

Duration (hr)

K000

Behrooz Motealleh, Zengcai Liu, Rich I. Masel, Julian P. Sculley, Zheng Richard Ni, Laureen Meroueh, Next-
generation anion exchange membrane water electrolyzers operating for commercially relevant lifetimes, International
Journal of Hydrogen Energy, Volume 46, Issue 5, 2021, pp. 3379-3386

MIZI-HQ #FFVY—-F&Fo/09-X

© 2025 Mizuho Research & Technologies, Ltd.



7 —F R BEOSHAZES (lonomr,

Evonik)

FEX—Hh—8EE (AEM)

le

B Amenion series [p]0]7:\[o]
(lonomr) (Evonik)
« RIGETE : 5em?

s ToAUIKHRE:
« 7/ — FfbiE : Ni3Fe-LDH& /34 >~ 4 (DURAIONIZHIES 3 7

SHEE L
-

AEBREM

&SEfE : 50cm?

T =A v ac#fE ¢ Aemion AF2-HWP8-75-X

e 7/ — KR AL LTIOX, "M Y X, LTF74F V5D
BARD520%EA (A—7 4 » 7 El31.2mg cm?)

o HY—FRE ML LTPYC, "M X—ELTFHT74F4 %

BARD520%EA (A —7F 4 » 7 E(30.7mg cm?)

70°C. 1IMKOHT0.2, 0.4, 0.6A/cm?2TC{RE,

0.2, 0.4, 0.6A/cm? 50005 DEE: % ZERL, 0.6A/cm2 THEBE
ERE(F13uVih,

—
(]

b £ 3
) 20 ST T Y Y Y Y O 08 @ &
S 1.6 1 @~ Ec. 60mAen Y 13,V LFR (81 mA cm?) 0 402 e i! 06 8
- ' N g 2
UOS -llng-gpd--' o nlom .ll.H{.s:’n.Ac-m.E-ul.c:.\'\n. ot 0-45 E
04{°°0o ° 22 °0 0 o °ﬁ°{ax%o 02y @
at anode (%) ‘B L
0.0+ t00 § T
0 1000 2000 3000 4000 5000 @
Time (h)
c)
19 13V h(600 mA
o~ ] mA cm?
E 18] ° boooesooe JONEBDEES S s
E o !+ Buvh COm/\ol SR S U MG S
LR ') : cv 42;0 QA vvvv
16"0;»4;0—00‘»" oooooo ro—o—owcvcv""“
] 1000 2000 3000 4000 5000
Time (h)

Marta Moreno-Gonzalez, Peter Mardle, Shan Zhu, Bobak Gholamkhass,
Scot Jones, Nathan Chen, Benjamin Britton, Steven Holdcroft, One year
operation of an anion exchange membrane water electrolyzer utilizing
Aemion+® membrane: Minimal degradation, low H2 crossover and high
efficiency, Journal of Power Sources Advances, Volume 19, 2023, 100109,

MIZI-HQ #FFVY—-F&Fo/09-X

o hY— Fihig:

DURAION

—A BN ZHEvonikh HIREE NS AR BA T
#Ni7 74 N—PTLLEICEE#B S U /- 27 BHXERE,
PYC& /XA > & (DURAIONIZH ST B 7 =F4 >
=M/ N1 > T HEvonikh DI NT) Ao BA V%D —
Ry 7 74 N—PTLEICEEH#RB S U /-2 7L BEXEE,

« 60°C. 1MKOHT1.0A/lcm?2 CHRE,

» 1.0AT1000EfRE 0 E#x % ZR% (200h~1000hfE CHEBE L F K
|28.4pV/h, 200h % COBELF (1A & BOR O REAKICHE
ShELLOMBELTWVWS)

21 T T T 1.0
—— Ni;Fe-LDH//Pt/C single cell

Voltage efficiency

108
20F [

Ecell IV
=
NHHY

—
1'8\\,./
402

1 MKOH | 60 °C | 1 A cm-2

- 0.0
0 200 400 600 800 1000
t/h

1.7

I. Galkina, A. Y. Faid, W. Jiang, F. Scheepers, P. Borowski, S. Sunde, M.
Shviro, W. Lehnert, A. K. Mechler, Stability of Ni-Fe-Layered Double
Hydroxide Under Long-Term Operation in AEM Water Electrolysis. Small
2024, 20, 2311047

© 2025 Mizuho Research & Technologies, Ltd.



T A BEOSHREES DURAION (Evonik)

FEXA—H—8A (AEM)

RENEL, hOXKEEBENVPBEVREEEINS,

DURAION (Evonik) ®giT. MhE

Property Nafion® N-115  DURAION®
[Unit]
lonic conductivity® . .
(mSicm) 1M 108
Water uptake®
. ) 14 13
Mechanical strength®
(E-Modulus) (GPa) 0.08 0.4
Thickness 144 60
(um)
Hydrogen permeation™ 98 39

(NmL*um*min-'cm2)

(FABRSEM)

Cell voltage (V)

Evonik B A1t L TUL A DURAIONIZ. 4 # {TEEA108MmS/cmTH Y . Nafion|ZIEid % 4 * V8 E % FiE,

RIGE25cm2D LT, #1.8V (BHRZE2.0AIcm2) OMeEZHRIEL W5 (7 ./ — F#EIZPGMZ7 Y —)

Single cell electrolysis testing?®

savings

I 8.3 %

« PEM: Nafion® N115 w/ Pt & Ir (DI water)
AEM: DURAION® w/ Pt & Ir (1M KOH)
<+ AEM: DURAION® w/ Pt & non-PGM (1M KOH)

00 02 04 06 08 10 12 14 16 18 20
Current density (A/lcm?)

#7 R —I)L, H—+t )L (RIGEE25cm?) . WilkicEBERER. 60°C. AKE
##/KFZHEH3.5MPa, 40°C

(K Fr) Evonik, “Anion exchange membrane (AEM) for cost competitive water electrolysis by Evonik (20215F118) ”

MIZWHO & FUy—F8&52/09-X
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SOEC FELX¥oRVEAEFIFEDOF L O

FEL—H—8m (SOEC)

m SOECTI&

 SBADEABMWOEFICEY SHA TWBERETHY .

Bloom Energy I BLICAMWHRIR DB A, HEHZT T L TW5D

m SunfirelZBN 78> =7 b TEREKFTIC720kW D EREE Z# B A L 2022F K F TIZ140008E U EOBEEE =BT 5,
EAGHHE, KR

L (B ik

Bloom Energy
CRE)

Sunfire

(R14v)

FuelCell Energy
CKRE)

Ceres Power
4 Y R)

(HjF)Rd%E/\Eﬂ BRED &I

DOED7AY =7 h TI00KWD T R k¥ RF L%&E

Ao EEMIEE CA900FE DBER A EHE L, KESR

15 [R B 137 7KWh/kgH, % 3Z K.

EHEELABRLEEL THE Y. 10 DLURICEEREN
D 100% A5 10% * T R T LH 1% R ICE

TEE2HBEEEEL. BENREGLLABETH -
- Z & ERE,

720 kW . 200 Nm3/h 48T % =R BRIE %
Salzgitter Flachstahl GmbH (KA1 /) o &EKATICE
Ao 2022$3Ei’( 1£14,000 FFELL_E#RME), BT
RBICHIT2EEEFBET 25 2 & T, BEFMHE
84.6%LHV % ZFK,

DOE® 7R 7 bk (Solid Oxide Electrolysis
System Demonstration) Tld, CSAR X v 7 h bk
%250kW > X 7 L % 555t

7A LHREMLARMOERLEY A b TRFATZ Vb
ZRE LRl Z EEFE, 250kW 2T LD
2000h A LD EEz BT & LTW5

7174 FRATVLRERTET I v /HBEOE
WEB%AXiFT 2EBEHIFREISOFCA A%, BEEIC
IFIE 3 X b % Ce02%ER L T %, SOFC&SOEC
~DBERANAIEE, BERETEVWREAF VTEEEE
T35 T7RMEIEBERYT 5 Z & T550°C TDIESR
ﬁ‘ﬂﬁbo

HIRTIE, R&Z v 7 TD25000H D E H1E:, #F)
21EH A 7 L2000 % ER L TWLW D

IVY—F&77 /09 —XERK

1ZWHO H?I%U"ﬁ’—?’-&r?/lﬂf)—i

NASAD T A LXEL > &
RELE % A,
B¥ T¥ HEDTSATFOLZEZOEESFHIFELSBS VX R MY —X

(K) OHEERIC. IOMWDSOECA BEA Y % 5B #2022F58 ICHKK, 7V —> TV
E-T7EEISERFE,
DOEDX1E % 5|7 TXcel Energy® 7'L — U —7 4 7 >~ RRFAREFIC240kW D E
FRREZ 8 AT 2EHEZ2022F 9 (CHE, 24F L Y KRHERBFE, £ DK,
2024F 7R ICFEFR I N-LK— b [IES,”Re-Purpose of TEDS-SOEC Non-FiredBoiler
(DETAIL) (2024F78) ”| ICIE, S EREEZEANT S LRFHINTWLD,

B 7B =2 hGrinHy2.0Tld, =REME (Sunfire-HyLink) 720kW % Salzgitter
Flachstahl GmbH (KA ) DOREKFRICEA L R ER % EhE,

2023F4 R ICEIMN 7’ B Y £ 7 FMUltiPLHY ICEWT, 7Y — v kFEHRIED -8
2.6MWDSOECA#NESTED O v T IL X LBLHAT (/N4 FREIELE) ~EA,

—Z4MW D Bloom Electrolyzer & A, 2023&FE5H (27K

ST A RFREMLHEFROEIGNEY A FTCRFA7 7 b 2BELEE
250kW > X 7 L D2000hA F DB # Bigd & L TW3,

ke =hE L.

2023FICA Y DN HA—ILIZH DY 2 LOFRERFEMNE Y X —ICIMWD
SOECHEA L71=, 2024F68IClE. >z &, BFBRE. 7vE=ZT7, ZU—VX
—}1/7&c‘:@kiﬁT%F%ﬁfJﬁH@lOMW(DjJEU_SOEC:E/:L—)l/ (B a—L R
DINE3I6kWh/kg% BHE9) DIRETEM % Kk,
2023F, YV T IV ZTFUYITBELVRyYy a2k, SOECHMOMRE, IR b,
BRAFEARIIT 5-DDEN &G, 2024FICFA4 YD a by y FHLMIH
By 1 DHER TIMWSOECY R 7 L% 2EMEILET 5 FE, ZDH., 2025824,
Ry ¥ a ZERBICREIE D S, PEMKBRICER 2B T EHEKRLT, ThIC
U\, Ceres Power& DFTIRIEZRT 5 & REKL 1=,

© 2025 Mizuho Research & Technologies, Ltd.



SOEC FE{FEOHRYHAZER (Bloom Energy) FEAX—H—BM (SOEC) ﬂ-ﬂ

m DOE®7RAYx 7 b (High Temperature Electrolysis Test Stand) T. 74 X REIMZHFTRATICIO0OKWD T X b R T LZxEA, 2EME
B C4900fF R D EiER % M L, /KEBLEREA37.7kKWh/kgH, = EK, ZHEGRRLEEL TH Y. 10 LRI M%eejj@ 100% 7

b 10% £ TYRTLHANZEBNICETIE2HBZERL. RENLELAAIRETH -T2 & %qeli% LTW3,
B NASAD I A LXWEL >~ Z—IZAMWDBloom Electrolyzer% & A, 202358 (Z/kFE &% A,
" ;;% T, SEHHBATOMFRAOEEE FHITALSBA VXX MY =X (K) OIS, 10MWDOSOEC% E AT 5 5HE % 20225F
ICHK, 7V -V T7VyEZTHREIERAFTE (TVYEZTERDREREZSOECTERHFE)
" DOEO)%E%‘X |7 TXcel Energy® 7L — ) —7 4 5~ RIRFAFRKEBRTIC240kW D EBEIE#E A 3 5 5HE % 2022F98 ICHKK, 24F L V)
KEBERBFE, TDHK, 2024F7HICRRINS-LAR— FUIZIE, SHRERELEAT I LEHINLTLS,

[1] IES, "Re-Purpose of TEDS-SOEC Non-FiredBoiler (DETAIL) (2024%78) ”

100kWD TR k¥ X T LDOEEEE (DOEFAY 7 ) TJY =T UEZTEEICE T SHHFA
 Operating Hours — June 2023 * Dynamic Operation Testing
— Total Hours ~5500 hr -100% to 10% in <10 Min ‘Green Ammonia Synthesis
- Full Power ~4900 hr — Stable operation across range with integrated high temperature electrolysis

n l Compressor ‘ Separator Export
aN-e[+] sl S NHs, (15 AN
-1 XD — Ry

Reactor Storage o
N,

Renewable
Power

— Hy+ N,
=0
=
Air Separation
(HFF) INL, “High Temperature Electrolysis Test Stand INL HFTO Technology Acceleration 2023 AOP (H777) Bloom Energy, “SOEC: Ammonia Energy association Discussion

—TA018 (2023%68) ” (2023F18)

MIZIHOI HFFUT—FFo/0-X © 2025 Mizuho Research & Technologies, Ltd.



SOEC FENFoEYHEHAZEH (Sunfire) FEAL—H—BhA (SOEC) 102

m 20304 £ TICHERB8%W, R & v 7 FAp75000h, LLET7TmQcm2/1000h # B gd &£ 3 %,
B 2023FARICERMN 7B £ 7 FMUltiPLHYIZEWT., 7Y — Y KEBRED-H. 2.6MWDSOECENESTED A v FIL R LELHAT (/N4 F
MEIELE) ~NEBALT: (NM AT RAFXROETE., 70 RRRAFDETZSOECICHIFT 248F)

. - AY i) . <~ A
Sunfire®SOEC“HyLink” (FRik. BE) MultiPLHY 7R = 7 MESE
Steam ganeration
- plant & others
Efficiency? 2020 2025 2030 o] [ Refinery
@ ProcEesses
uli o/ o o/, Steam
HyLink 84 % 86 rc{. 88 % supply grid MULTIPLHY, 2.6 MW, . A
SynLink 82 % 84 % 86 % C)
I ZAMW,
o B High-tnmperatul:e
Durability R | b alectrolyser
. i~ > \I || o “ {HTE)
Stack lifetime 40,000 h 60,000 h 75,000 h . = H. grid
) . 2 4 24 2 Max, 3.5 MW, 2e
Degradation 20 mQcm? / kh 8 mQcm? [ kh 7 mQcm? / kh ¢® {30 bar)
D2MW, . = =60kgh C )
Levelized cost of hydrogen? EUR 5.00 / kg,., EUR 2.30 / kg, EUR 2.00/ kg, I ,,,-f’l Hydrogan \=—=—="0
llI“IIIII processingunit | =17 0T,
\\_'_,,_" [HPU) | Unsumption
(HE A7) Oliver Posdziech (Sunfire) , “PRODUCTION OF RENEWABLE HYDROGEN AND

SYNGAS VIA HIGH-TEMPERATURE ELECTROLYSIS (2021%38) ”

(HFT) https://multiplhy-project.eu/Pages/About.aspx

MIZWHO & FUY—F&7o/0J—K © 2025 Mizuho Research & Technologies, Ltd.



BM 702 b GrinHy2.0 (Sunfire) TEA—H—BA (SOEC) 8

m BINFOY Y FGrinHy2.0TlE. Sunfirefl DS RE#EE (Sunfire-HyLink) 720kW % Salzgitter Flachstahl GmbH (K A ) D&EkFr(IC
B LEIRBRE R, KEIIFEZAFLFICER, 7V —VBAIZDOWTIE, CertifHyA 1249 % Guarantee of OriginflE % EFA L T
R OIFEEL TV,

m BIRTRICBIT2HHMZFET 5 2 & TEEMES4.6%LHV ZiER (230kghDERZHIG) . F7-2022F K F TIZ14000FE L E 0K
BEEZBEL TV,

7avzy MESR, BhEEA 7Rz 7 b ORR

BAER ¢ 720 kW . 200 Nm3/h Z4K Y % =R ERF
f&% . Salzgitter Flachstahl GmbH (F A
V) DREKFTICEA,

EEREAR o 2022F XK F TIT1£14,000 FBFfEl LA EBRE) L«
100 b > B8R 57k R & BiE,
. o-.c. 0 | M - BISTRICHITZHMERNAET S LT
B s RWE S BAESNZRE84.6%LHV % 3ZE K,
ES™ - account
Em BEINEMERE  « 30%DEMH L ELGEKRE) X TOMRE
:rnztg;eor IaEﬁ Li 15%5'55%0
« YRTLOBEDY vy XU VIE3HTH
BEo
= by ey e _
RWE [S) sttkrat ot Y acues (H4FF) https://cordis.europa.eu/project/id/826350/reporting/fr
—_ “in case of no electricity is delivered by Statlraft, GoOhave to be cancelled by RWE

Framework contract to “Electricity supplier
trade with electricity and
GO

(HFF) FCH2JU, “GrinHy2.0 Deliverable Report”

MIZIHOI HFFUT—FFo/0-X © 2025 Mizuho Research & Technologies, Ltd.



SOEC FENZFEOHRYIEHZEH| (FuelCell Energy) FEA—H—Bim (SOEC) 104

DN—2 7ILORFEICERY HA TULWS, SOFC, SOEC, UN—=S 7L DWTIEHBOR Xy 7 #FAWA B8, H@

m  SOFC., SOEC,
2Ry &ELTIE, 350LhHAEBCSARZ Y7 (Compact SOFC Architecture) Z=F\W 3,
m DOE®7'AY 7 b (Solid Oxide Electrolysis System Demonstration) Tld., CSAR R v 7 Hh b 5250kW> R T LK 2R T, 5%

TARKEMNHAERHDOERIL YA N TRFANAT S M EBELI-FRLEEMREL. 250kW> X T L D2000hA ED&EEzx#BHisdT & LTWLW3
(BFN77> bHHSOECNEREBAHIGT 2 & 2 8E) [,

[1] Fuel Cell energy, Performance Improvements for Reversible Solid Oxide Fuel Cell Systems(2022 DOE AMR)

CSARRy 7 H#AWET TV r—vayv

‘; 1
N g —) |
Oxidant Outlet oY v g _,> "
Solid Oxide Stack >
| |
|

CSARZ v ¥

7 » Power Generation Stack Module SOFC Power Generation System
/ Only runs in power generation mode on 250kW
a wide range of fuels, including natural

gas, biofuels, propane, and hydrogen

v v _d —\
*" Electrolysis Stack Module SOEC Electrolysis System

Produces hydrogen from steam 600 kg/day H, from 1.1 MW
with power input

Standardized Stacks
in three sizes

Oxidant Inlet
Oxidant Inlet

Cell with active
area of 81 cm?

Oxidant Outlet

Flow Geometry

Property \‘
Nominal count \) \(\z "
) ~
Fuel Cell Voltage, V 143 At 0.950 V/cell 350 cells, 17° height oy v \
Electrolysis Voltage, V 58 192 448 At 1.280 V/cell 5.2 KW powér generation > _/>
CECAIEOEARACVE 74%/100%  74%/100% 74%1/100% [Electrochemical eff FC / EL 125 kg H,/day electrolysis ;
087127 28/93 67/218 [At0.25/-0.6 Alcm? ’ 2 Energy Storage Stack Module
H2 production, kg/day 2 6.6 15 At -0.6 Alcm? Alternates between power generation RSOFC Energy Storage System
~ 2 : on hydrogen fuel and electrolysis 15 MWh
Height, mm (in) 91 (3.6) 211 (8.3) 440 (17.3) producing hydrogen from water

(/) FuelCell Energy

Operating conditions shown are representative of energy storage applications -

(K FF) FuelCell energy, “Performance Improvements for Reversible Solid Oxide Fuel ) FuelCell “c 0 : 202346 "
Cell Systems (2022 DOE AMR) ” (7) FuelCell energy, “Company Overview ( #6h)
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m 1 ¥ X®DCeres Powerld,. £BIIFEIDSOFCICEAZIFDOR Y F & — , Ceres PowerDSteel Cellld 7L — FOEREICEIRIENIZ7 274 FRR
TYLRERTEI I v /M OBVWEZZFT5EBFETHY ., BREICIHEIX FCeO,ZEA L TWW%, SOFC&SOECA D@ AIEE,
YSZRDERE TIHERICHEVERA AV TEENMET T 5H. BETEVEBRAF VGEEZET 2 7RMEZEHAT % Z &L T550°CTD
BELA AJRETH B,

n BERENMEVW-O, A7RETF7Iv I v—LTIERL, EDOHRTy b —ILOERDAIE, £/, EEXFED/-B,. SRSOFCE L&KL T
MRGEBAAIEETH Y, MEEICENL TV,

m DOE®D7AYxZ kb [ METAL-SUPPORTED CERIA ELECTROLYTE-BASED SOFC STACK FOR SCALABLE, LOW COST, HIGH EFFICIENCY
AND ROBUST STATIONARY POWER SYSTEMS | (2016-2020%) (2T, £BXIFRSKWSOFCR X v 7 %2 5%, 7O =7 k Tl32000E U £
DONn/OffH 1 7L DERE BIZL L TW A, BiE% LB 5 MHEE% ZERK.

Ceres Power D& EXIFEItIL On/OffYr 4 7 ILHERDIER

Steel Cell Stacks are robust to On-Off thermal cycles CoresRauer:

>3600 thermal cycles
Ceria costs 1 : . T
/>\ J-J‘\—
< 0.8 \ Fuel: H2/N2
2 0.6/ 44— per
T 0.4
BT =
I
g 0.2
ETTTIND il
OO 1000 2000 3000 4000
(HH7T) Ceres Power, “Technology teach-in Ceres Power Holdings plc” Thermal Cycles
(H7r) Ceres Power, “UK HyRES Future Perspectives Solid Oxide Electrolysis for (HiFf) Charles Vesely — Cummins Inc, Bal Dosanjh — Ceres Power Ltd, "METAL-
Green Hydrogen Production (2023%458) ~ SUPPORTED CERIA ELECTROLYTE-BASED SOFC STACK FOR SCALABLE,
LOW COST, HIGH EFFICIENCY AND ROBUST STATIONARY POWER
SYSTEMS(2018%E6814H)”
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B 2026 KRB EIRFL5S/kg (EHIAX F20$/MWh, 3hE80% % BE) . 2028F L% T 7> FTOEEABIRT., WIRTIE. XXy 7/ TO
250005 E D E FHiEER, #CEMEIEY A 70200 Z &R L TWLW 5,

m 202268, YT LDFRHE, 2023FICMWRIEDSOECEIIHEZMA T 22 & EiE. 1Y FONYHA—LICH B> o LORREREI £ >~
R —ICIMWDSOECZEEA L7z, 2024F6RIC1E, Yz v&, BRBAEL. 7YEZT. 7V -V RF— IR EDKBREZEAR T DIOMWDIIE
SOECEY 2 —Jb (EY 2 — L RNILDOFNEI6kWh/kgZ BIET) DERFHERMN % .

m 2023F, YrTIvIVZTUYIEBLURYy 2, SOECEMDMRE., I X b, ERFLEIRIT 27-O DN TG, 2024FIC AV DT 2
by FHILMIHBHEY Y 2 DMERTIMWSOECY R T LAZ2FMEIT 5 FE, 2025F2H. H v ¥ 2 ZERBRCYREIERA O, PEMKER
ICEREBTERERLI, THNITHEL, Ceres Powers ORITIRIEZIRT T 5 & REX LW,

[1] https://www.hydrogeninsight.com/electrolysers/realignment-of-hydrogen-strategy-bosch-to-ditch-solid-oxide-fuel-cells-and-
refocus-on-pem-electrolysers/2-1-1782666

- = il s o —
Ceres Power DSOECRE XA LT 4~ E B EEmDER
03 T T T T T T 025
SOEC expected development timeline
T 0.25 = _
el § o2} e
L un < o]
perationd = €
?nr?mwm :«gﬁmnﬁmzn 5 0 15 ’ il 02 g
v ot res £ 5
F Y F é o "(;J’
-~ -~ S 0.1 e
7 ? g 0 | B
3 100% efficient o
2020 a2s 2 M.me """"" T
moduk an'tect prltiinl e 0.05 [
initiated 'ﬁm
<51 80/kgl
O 1 1 1 L 1 1 0 1 5
L e L e 0 500 1000 1500 2000 2500 3000 3500
1: Energy cost: US$20/MWh and 80% efficiency at volume time [hrS]
Figure 7: Planned development timeline for Ceres’ SOEC programme (KB PT) Ceres Power Holdings plc, Introduction to the premium listing segment of
the Official List of the FCA and admission to trading on the main market of the
(tH7AT) Ceres Power, “Technology teach-in Ceres Power Holdings plc” London Stock Exchange
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Fov— U IRKREOMREEL T Y — 7 DEREB A —H—TopsoeD LYy ZT7 LN, T~— 7 DBELANEEROTO7 7 A L EZEHLT-E
1% Topsoe DSOECRA X v 7 (TKW) ICHRA LA Z M L 7-FH 2w TcREMIL TW 3, FFEFMEE L TE. X & v 7 %$92100 BB E)
L. 2D H#70% (#1500 FfE) ICHWTEHED % 4.

BREL T, 210058 0B E (205 H1500FEAZEBHHMR) ICL->T. REXy 7BEMAVHAH123VETLER (BEHAIWI0%LER) L7

LHELTWVWS,

¥BEZL LT, DOEWSOECOBETIE [RZ v /BENMO% LR (—FOBABE COEENFIR) T4 TCOBR] X2y 7oFRLUBFIohTWS,
[1] Hua Liu, Jens Hagh, Peter Blennow, Xiufu Sun, Yi Zong, Ming Chen, Assessing fluctuating wind to hydrogen production via

long-term testing of solid oxide electrolysis stacks, Applied Energy, Vol 361, 2024, 122938,

[2] https://www.hydrogeninsight.com/electrolysers/green-hydrogen-solid-oxide-electrolysers-can-handle-variable-wind-power-
without-shortening-lifespan-study/2-1-1612916

b S-S HEBRER
v SHBAHORNRKBI O 774 (UTER) %EM, v #2100 BRI OBE CBEIZ1.12VA 51.23VE C LR,
v  ZEE&IICF (RE—EE%) . CC (EXR—E&E&E) D=2 v BL1, BL2, BL3ATOBE L3 ZN%ZN107.7. 81.0. 40.4 mV/kh
%é‘bﬁf%ﬁfﬁo CCECFIzZhZN7445rTHY . BAKEY (ZBLEAEIOBE LR 4B 2 - CEHY) |
Z7ANLh LB L EUTAROBMER%E XX v 7 IZEDH0,
CC. CFHICREBREEIZ0.1A/cm% o SEEE
v EEEZBL (0.24Acm?C—E) L ZBHEECC, CFaiaah AT T A I pmqb,__'} ﬂ# -ﬁ\ NI 1{ ﬂ e
HCHEREER (BL1>CF»BL2»CC»BL3) 3 "——3 bl S L8 L y..-.‘ ey = _
25 Dec 10 mDocN o ; (E"A CF ‘;E" = BL3 |
EjJ %E — xﬁ ;:;: r“MW‘I ﬂ]juim 0 ‘2‘0 480 720 . 960 — \2;!) V‘;O 1680 . 19;0
Z20 , . 05 Time
‘53‘ 725 . . . .
5 : wp B I e Tl
5.10 - §oa 57’5)-—-—-”#'1‘-‘-‘4"#%‘“ [\ } F l \]‘ ot
: il al
§ 5 M ‘ Uo' ] s ,
LT 1O 0 [LITH L . e ———
Dec 02 Dec 10 Dec30 O 100 200 300 400 S00 600 700 O 05 0 240 480 720 960 1200 1440 1680 1920
Time, h Probability Time hr

(HFT) Hua Liu, Jens Hegh, Peter Blennow, Xiufu Sun, Yi Zong, Ming Chen, Assessing fluctuating wind to hydrogen production via long-term testing of solid oxide electrolysis
stacks, Applied Energy, Vol 361, 2024, 122938,
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n BOFAZORREY. BREEICKLALBR - BEICRKLT. BLAERTILESRVEDS,

BHBERRDH BRXZy 7 OBE-BFRIFEDOH 7T LEROER-DEOH
Full IGBT
FIAhY of) — _ .
e NEPSHAKIE BN A, BA
(FH2R% 4 X — L 7-#H) £ F B/ X o,
v AHRLRE v AR%y ZEMW ERE LT, AL LRSS )
v BEREBERORKEANDORE RIC EH%0.6Acm2 @
BRECHY 18V, oEREEaWE S | Power Factor Diode IGBT
v fg_ DENRENES y i}(‘i_/ s A Full !GBT(‘_‘.MP-
(EC. IEEE% &) Ay E?”;@,Eti%ov Thyristor® # f#,
v BAMEBICELTIXMND 0.95
Hh =B,
PEM® )
(RE{ETOHE) 0.90
v REREEZEDEHPEIRKIC "
;ﬁff@;ﬁ@ - v ARZ Y 22008 E IR
8 0 e O B ELT. RICERE :
;ﬁﬁ?%ﬁ RN O 1.7A/cm? @2V, LT MP Thy"s'_iorr‘h
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XEERED ) Tkt v EABHIESI0A e e
HEEDBEELASWE v A&y 7EEIZ400V i _°
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Current Level (A)

(HHFT) VONK Electrolysis Power Supplies, “Power Supplies for Large
Scale Electrolysis (2022%38) ”
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m YA YUXREIGBTF a3 y/8—D, BEICKLEZERY v 7VIEERDEY ., F 3 v/3—ICHLURTSCRIZERHBREFICY v 7 AHAKEL
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rms current ripple (% of rated)

Chopper Triangular Current Triangular Current Sinusoidal Current Reference Constant
00 4 S ————— ! Ripple Ripple Ripple Current
20 30 40 50 60 70 80 90 100 % 10 kHz—E1 1 kHz—E2 300 Hz—E3 E4
0.68 088 1.10 1.32 1.54 1.76 198 22 V/cel 96.6 346 12.6 19.7

0,
% of rated output voitage ( @ rated output current) (&2 Ffr) Parache, Francois, et al. "Impact of Power Converter Current Ripple on

the Degradation of PEM Electrolyzer Performances." Membranes 12.2 (2022):
109.

(45 ) Dynapower Company, “Hydrogen Power Supplies”
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m KB A —H—DPlug PowerldEBHRIEIADELL LT, FEICEVEAR (71 LZ2PRHERLTRERRER) . HoPI2BHTHERD
>S07%A~ADELEE WST-EEEZHLTWS

- ERGIEEICEN S, - SR A TH AT RE

- LEB A R A “SCR& Y v/ b - BE Plug Powerlc K 32 EE

- BIEEE (X THEER) * AFNEEEE AT PISTE gyrrent Status & Needs

- EBENIEM 3 * Low harmonic feed back

RlToRL BRED x vwsas | Lo e
VIDBEREINZ SND, = Reduced size & weight

A BECESHEERDENE - SCRE Y LB ! I>m9p7r§2/ed efficiency at all load conditions,

NOFEE, WRET - BWEBEEIIZ SN, = Improved thermal management

PRART AR, F NN : gtc:asc:kn\a/ccj)ﬁ;gc;nmonitoring

VI DE, High common mode voltage capability

- BREEBES TOERIE L L, (& FT) Monjid Hamdan (Plug Power) , “H2-PACE Power And

>98% Diode IGBT 97% Control Electronics for Hydrogen Technologies (2021%118) ”
Full IGBT 96%

>0.9(PFCH V) Diode IGBT >0.96
Full IGBT >0.99

<8%(18+pulse) Diode IGBT <8% (12 pulse)

Full IGBT <1%

(HHAT) VONK Electrolysis Power Supplies, “Power Supplies for Large Scale
Electrolysis (2022%38) "% & & IZERR
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- 2030£EIC, 90%DEFAEEXO - TI v avIcTBIRE,
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B -

(HEFF) [1] https://www.consilium.europa.eu/en/press/press-releases/2023/03/28/fit-for-55-council-adopts-regulation-on-co2-emissions-for-new-cars-and-vans/
[2] https://www.consilium.europa.eu/en/press/press-releases/2024/05/13/heavy-duty-vehicles-council-signs-off-on-stricter-co2-emission-standards/
[3] https://h2me.eu/wp-content/uploads/2024/04/D7.20-H2ME-emerging-conclusions-Final-Version.pdf
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MIZWHO 3 3Ud—F&74/09—A © 2025 Mizuho Research & Technologies, Ltd.



AFERF— 3 YEEOBALKER - B - BHE (752 2) 1=

. Xx®E | ..hNmBE
EABKBIE ® KERTF— 3 :400H 51,0000 A7 (20285 F7) W

® KEXF—av: T18hFF (M 7FE%REEL) @
® HRS#IF1IBH-YVIF VY DIDRT—a vy /N TORBRY A FCKRET
%, RAttix. &>V 7IC1BH7-Y BAS00kgDKEZMIETE S 75 ABAK
@*?é%—vayzgéﬁﬂ¢(%kloewmztﬁwﬁimﬁﬁtmiéﬁﬁ
FiE
o NUMIFKEREZFOL 7 b (the Hydrogen Fuel for Paris project) O—E¢
LT. BK8 DDOKEREEHRRAT—avDxy b7—0H7) HHEICRE S
i Nd, ZD7O 17 FTIEEI—I2B T3 KkERBERORERBILKZ Y R— b
" THILICER%AEL, B, hitdisnrz¥oriyrarvyEmed3,
(RFBFZ 7 > —$92,5008 1ICHHY) @

fHBhE -

(AR [1] THIL ¥ —ZEEEHE (PPE) (2020%)
[2] https:/iwww.iphe.net/deployment-data/

[3] https:/ffuelcellsworks.com/2024/09/10/clean-energy/hrs-expands-its-installed-base-with-7-new-hydrogen-stations-in-france-and-internationally-in-3-months
[4] https://cinea.ec.europa.eulfeatured-projects/hydrogen-powered-taxis-boost-sustainability-paris_en

MIZIHOI HFFUT—FFo/0-X © 2025 Mizuho Research & Technologies, Ltd.



KFERAT—2 a VEEOEAGKER - ZF - b€ (F7%) —— 139

BACHBER o RRIEEIART : 50N FF (2025 % T) M
ES ® KEXF—Yav: UHLHHY

@ EEUTAICHBITRAKEEPEHE (SWIM) & LT, EY. /S REXEE T DKE
FEXT—ay, FI7YIRNRREDKEBHEADEBIEZEAT S, 2024%F
Eo#F&E(X2,800F1—0, EREZHIZUATOEY, B

> DELKEHIDDKEFRERXT— g vyEEEL1DOEXRT (Y.
k) TERENB/— -2y T TEE,
> DELCEDBIDOHFLWKRREXT— 3 VY OER. H 5 W12 DBREERS
@& 2F—a3vOBEHB. FHIRBEOKEXRERF—aryory 7oL —F
X3 L TR & % B EE,
> HBEZHRFEIIEMIKZERERT—avy0REOMLELED 30% %1
FAL. 2056045 <K L b¥EHI3RBER (3,500kg UAE) ¢T3,
® 2024FI120RRRT—2 3 VEERTEENIO~ISOEHELA—h—%28L 85
1004t A HBIEICHE LT BVWEEICINL T, EEY T4 ICH T2 KEHBEHE
(SWIM) %, 20256 E I FE4,00051—AIZB| X2 EIf3, W

(HHFR) [1] EREZIERE (Climate Agreement) (2020F)
[2] https://www.iphe.net/deployment-data/
[3] https://business.gov.nl/subsidy/hydrogen-in-mobility/#art:what-are-the-conditions-for-swim-
[4] https://fuelcellsworks.com/2024/12/13/fuel-cells/ten-new-dutch-hydrogen-trucks-on-the-road-thanks-to-swim-grant

MIZWHO 3 Fud—FaFo/09—X © 2025 Mizuho Research & Technologies, Ltd.



KBERTF—> 3 VEEOBALKEE - £ - B5% GRE) 7

EBASKBE o MR T— 3 14,300 ATEEE (2030&EFxT) U
o ® ARRF—vav: S5HEFE . \
® 2025F2AKRTAHY 7HN=TFMICIZ0HFDRT—>avhdH 3, B
o KMBEIKIRAIZ L 2REBBEERNDORIEROFAUR L EBINH A X XE2HKEK, B

SBEBE (EV) ARERCKFREERERLLEOREERD1ELYSY T, BA
(ZXF L TI21,000 Fiv% ERRICERAD30%. ECBAAEEEICN L TIZ108 Friz L
BBICERADND6Y% (EIFAESPEBIFEICHII2EGEAHE-LEBESIRIAGEEZSD
mEE BRAD30%) HHREZBREINSE Z EATEH LN,
@ HYT7HLZTHMIXILF-ERELHAKEZEES (CEC) X, Pilot Travel

Centers LLC & @ 5,000,000 FILDBIE&EICEET 2R L7-. BEOMEIMERNT
2. 2BDERFEHIOKFET 4 ARVYY—& 25000 HA Y DEREKRIFEE 7 1
BEEUNHKERRBIRRT—a v 2KRET S, @

(P [1] BELEM - KFE IR ILF —1HS(FCHEA), "ROAD MAP TO A US HYDROGEN ECONOMY*

[2] IEA Advanced Fuel Cells, "DEPLOYMENT OF FUEL CELL VEHICLES IN ROAD TRANSPORT AND THE EXPANSION OF THE HYDROGEN REFUELING STATION
NETWORK: 2023 UPDATE “

[3] https://www.energy.ca.gov/data-reports/energy-almanac/zero-emission-vehicle-and-infrastructure-statistics-collection/hydrogen
[4] https://efiling.energy.ca.gov/GetDocument.aspx?tn=258522&DocumentContentld=94553
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[4] IEA Advanced Fuel Cells, "DEPLOYMENT OF FUEL CELL VEHICLES IN ROAD TRANSPORT AND THE EXPANSION OF THE HYDROGEN REFUELING STATION
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Governments with targets toward phasing out sales of internal combustion engine trucks by a certain date (Status: August 2021)

(HFT) https://theicct.org/global-overview-of-government-targets-for-phasing-out-internal-combustion-engine-medium-and-heavy-trucks/
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@ | Washington State University - $3M

Plug Power, Inc.* - $10M lvys Inc. - $1.6M

I Wayne State University - $1M I o @
(@) Linde Inc.* - $10M
@ [ ] :

SUEReyESTINR®, I American Institute of Chemical Engineers - $1M

@®
I IN-2-Market, Inc.* - $900K |

’ International Code Council, Inc. - $1M
I National Association of State Energy Officials - $1M ]

@ I Electric Power Research Institute, Inc.* - $1M I

l University of California at Riverside - $1M | @ I OPW Clean Energy - $2.8M I
. .
@) ZEV Stations Co.* - $10M | Southern Company Gas - $1M I .l GE Vernova Operations LLC - $1M I

FirstElement Fuel Inc. - $10M

I Krueger Transport LLC* - $1M l . Hydrogen Fueling Components

l Center for Transportation and the Environment* - $2.5M |

O Station of the Future

University of Houston - $1M I () Fuel Cell Port Equipment

EN ERGV & RENEWABLE ENERGY

office of ENERGY EFFICIENCY @ Permitting and Safety
HYDROGEN AND FUEL CELL TECHNOLOGIES OFFICE .

Community Engagement

* Primary project work to take place in state(s) different than prime recipient location listed on the map

(P kETZRIL¥—% (DOE) “Selections for Hydrogen and Fuel Cell Technologies Office Funding Opportunity Announcement to Advance
the National Clean Hydrogen Strategy’ & Y. #FIZUH—F&T 7/ B —X{ERR
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THE WHITE HOUSE

Sec. 7. Terminating the Green New Deal. (a) All agencies shallimmediately pause the
disbursement of funds appropriated through the Inflation Reduction Act of 2022 (Public
Law 117-169) or the Infrastructure Investment and Jobs Act (Public Law 117-58), including
but not limited to funds for electric vehicle charging stations made available through
the National Electric Vehicle Infrastructure Formula Program and the Charging and
Fueling Infrastructure Discretionary Grant Program, and shall review their processes,
policies, and programs for issuing grants, loans, contracts, or any other financial
disbursements of such appropriated funds for consistency with the law and the policy
outlined in section 2 of this order. Within 90 days of the date of this order, all agency
heads shall submit a report to the Director of the NEC and Director of OMB that details
the findings of this review, including recommendations to enhance their alignment with
the policy set forth in section 2. No funds identified in this subsection (a) shall be
disbursed by a given agency until the Director of OMB and Assistant to the President for
Economic Policy have determined that such disbursements are consistent with any

review recommendations they have chosen to adopt. 25428258 L — k 1 KL =150.24M
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3. Available budget

The estimated available call budget is EUR 2 400 000 000. Subject to resource
availability, this amount may be increased by a maximum of 40%.

Specific budget information per topic can be found in the table below:

Topic Topic budget
INNOVFUND-2024-NZT-GENERAL- EUR 1 200 000 000
LSP
INNOVFUND-2024-NZT-GENERAL- EUR 200 000 000
MSP
INNOVFUND-2024-NZT-GENERAL- EUR 100 000 000
SSP
ES) CRRIBEEEL ) —r T v /RE
INNOVFUND-2024-NZT-CLEAN-TECH EUR 700 000 000 BRETHNE = s
MANUFACTURING a4 k
INNOVFUND-2024-NZT-PILOTS EUR 200 000 000
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9 Annexe B : Demande d’hydrogéne

Tableau 1 : Estimation de la demande d’hydrogéne par secteur en Suisse

Demande d’hydrogéne 2030 2040 2050

Secteur Unité de a de a de a
Transport routier? GWh 110 380 400 1300 800 2700
Chaleur industrielle & haute GWh 250 1000 500 2000 2000 5000
température?

Couverture des charges de pointe* GWh - - - 660 750 2'200
Navigation* GWh 2 25 5 100 10 170
Total (énergétique) GWh 362 1405 905 4060 3560 10 070
Utilisation comme matiére GWh 430 430 220 220 50 50
premiéreS

Total GWh 792 1835 1125 4280 3610 10120
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End-Use Application Production Facilities
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Underway) Operating Under Consideration,
80 projects . o Announced, or In Development

announced, under consideration or under development Tren B Carbon ensive . Small-Scale” Electrolysis
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A :.'L.?&‘mpé. @ 5mal-Scale NG Reforming w/ CCS
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Project
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12 international agreements
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e

23 announced export projects

End-use applications

8

Transportation
7 truck and bus

4 train trials underway
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Hydrogen refuelling stations
8 operating

21 announced

Cross-cutting areas
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Clean Hydrogen ITC to provide

$17.78 for clean H; production 4
e_0
adn
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Number of jobs (2021) #

4,291 (Full-time equivalent)
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Currently serviced by H; - Natural gas blends
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Indigenous involvement
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Figure 4: 5-yearly base and stretch production milestones
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Figure 5 Levelised Cost of Hydrogen production by method over time

Source: CSIRO 2024 Scenario modelling of the production and consumption of hydrogen in Australia.
Mate: PEM =Proton exchange membrane electrolyser. AE = Alkaline electrolyser. SMR = Steam methane reforming,
SMR + CCS = Steam methane reforming + Carbon Capture and Storage.
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B 2023F185H. 4 >~ FEFFIZ2030F £ TIZ5008 b okFZFZHEE L, 1000 FILOKREZ{BET
EtEIE LT, [ERKEZEI vV av] #BEEARAT,
B (VAL —ETHIIL, B, TEVT4, I —HoFERMHCHRREILZBEET,

1 FOBEKRBEE KEABEORBLET) —VKRDBEY T
KRBEAEBE KFEMFEIR FEE
I POWER ”\.
AV F BRKFIvvar aMER | — (Z2%) Harnessing L L 1™
W 203025007 ~ L Green Hydrogen (2022% 1 STElL
rtosy —vkEEE 6H METHANOL L
& EPHRL R P s | ]| ; |
A, . . Aayogld. KEMEZEUT - SHARE OF GREEN H2 Y
B 2030FERFRTA >k DB e /-

1$160GW D7k FEHLE m oY —kE
REODEAZBELT 203041.7-2.4USD/kg

W3, 55T110GWo (254-359F/kg) g M I I 1 1%
BHMHAORELRE 20504£0.6-1.2USD/kg
(3BT Y E=T A (90-179M/kg) I '
69GW. Z DftbdkZk m L —kE { o
¥ v U7 H41GW) 20304£1.8-2.7USD/Kg " .

(269-404M/kg)

2050%1.9-2.9USD/kg (HFAT) “Harnessing Green Hydrogen Report”
(284-434M/kg)

Total Hydrogen Demand (Million Tonnes)
Green Hydrogen Share

(WA JETROL Y., ATIFVH—F&T 7/ 0L —XMERK
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B - sthisk

FLRFE
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National Hydrogen Mission (2023%68)

B OKFIRBEOFE L L THH1974E/LE— (§93,35018H) %#ZY L4
TTW3, EREOEARREE VY — v kEDEETEABEN L
L1220 vy T4 T AN L%ZER. 12 BIX3ERDHE
B ICHERBMBNA vt T4 78R/ 2208 IXEHERENE
HWLREBEEIIHLT, B> THBA v T4 T2EDT
JZT, REQOX bTEE - filgTcEBREZAELTLS,

B SIGHT' 04 5 AI21,749E /L — ($30001E0) . /<4 @ bk
7aY s MERICI47TEILE— (925018F0) . ERREARIIEL
L T40fBrE— (970BFM) HXHFE,

B EEAHICHLTIE, AT 7HAEYETOENTULAL,

7 ) =V KFBEAEREY HIEEERE

B ER, BREOIRXLXT—ZHEEEEXTD I U —VKEMBRR
FEZRY VT, MESEIHEEZ®EETH,

B IEEZTT-0ES L UORHEMIZ. EHHNICKREZZIRHET S
A %ES,

B EZXRYVTICRHRELREMEADRE,

B —VKEDHEHEBEDEHANZERT 27-0DENLREIC
D2WTlE, BT R EEZEL THEILENDTTE,

BRAY H R
W 20304 A45%, 20704FCN

BRAkEI v 3> (2023%F18)

B KEREY S — Vo kEREBICHREREBICOVWTIE, [BUF
DER] PEIZHRDEL, [ETAPEEEEEDARY
R ] HFREKRIT HAREME RE,

B REDKFEZLHEL T H2EBFACPEHISICNSZ7Y —>
KRDHMBHRBFL RIS TUL D,

FY—v oLy b -Fas5L (GCP) (2023%108)

B O [HERICELWVTEIZHRETAAHZXL] ELTREDT
b, 8SDODFENLFICHLTEZOND,

B HERCEERRE LG EEA DS, KOWNELFREE, BEYDOEY
T & RENLREBIROEVWHDEEENS,

kFEZLYy FEBIHEIE (CCTS)
B 2025FE A H2026FEICEANFEINTULS,

(BT 4 v FHEMBIERIEZLENE” Press Information Bureau Government of India

Ministry of Environment, Forest and Climate Change Year end Review- Ministry of Environment, Forest and Climate Change”,
International Carbon Action Partnership “India adopts regulations for planned compliance carbon market”
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1> FOBERENR (K& - FHIEE)

SIGHT7 R S LDA— 27> a A REZTCICZREEREINT WS,

SIGHTZ’'BZ Z AlClZavyR—3x> b1 (BEEREE) LaviR— z/hﬂwiﬁb 5, AViR—x%>Y I

BICE—F2A (P Y=V T7ryEZTEE) LE—F2B (7)) —VkFREE) ICoHhND,

B BERDSIGHTRAF —LAICEDLK T —vkFRREDTIE, IS ﬁm%mwwwﬂuiﬁm»e—(mmm)
F£H40LE— (969M) . 3FEH30/LE— (52M) TH 3,

B TIEINZKZRELEDL A TILHAYEAZFA, ftBICPEME & Membrane LessEI AN H 5,

SIGHTR F— L DFEILEER

) —vk%EEME (E—F2B) OEBTERE (BSOMWET) I —kFREE (£— F2B) OFEEHSE (100~300MW X T)

RTS for Selection of Electrolyser Manufacturers (EM) for Setting up Manufacturing Capacities for Electrolysers in India under SIGHT Scheme Bucket 2A: Electrolyser ing capatity based on indi pedistact
Maximum Capacity to be awarded=
N (Trdll(‘ht? l[) - Maxi C: P i b ded= 300 MW
RIS Vu SECI/C&P/M1/00/0022/2023-24 dated 16.03.2024 S ' Capacity| ~ Type of Year-wise percentage of LVA Vear-wise Specific Encrgy Selection | Allocated
Name of Bidder P P Ly 8 Consumption (SEC) ,
hot of opening of Eﬂevlope—l under the RfS No. ™Mw) | E Capacity (MW)
Bucket 2B: Electm]yur ine caj ﬂ‘}' based on indi; stack technok —smaller units Year 1|Year 2|Year 3|Year 4| Year 5|[Year 1|Year 2|Year 3| Year 4|Year §
u : 5 capacity bases = P ogy. 1 [Adani Enterprises Limited 1015 |Alkaline 90.01] 90.01] 90.01] 90.01] 90.01] 45.99] 4599 4599 45.99] 4599 6 715
Maximum Capacity to be awarded= 100 MW 2 |Newage Green Electro Private Limited | 300 _|Alkaline 90.01] 90.01] 90.01] 90.01] 90.01] 46.99] 45.95] 45.99 45.99] 4599 596 2285
o A Year-wise Specific Ener, 5
S, Name of Bidder Capacity|  Type of Year-wise percentage of LVA C o (SEC)B Selection | Allocated 5 |Suryaashish KA1 Solar Park Private 110 |Proton Exchangef oo o g6 051 8003 80.04| 80.05| 51.98| 5098| 46.98| 4508 4508 552
No. (MW) | Electrolyser Capacity (MW) Limited Membrane : . : : -
Year 1|Year 2|Year 3|Year 4|Year 5|Year 1|Year 2| Year 3| Year 4|Year 5
|| Adani Enterpriscs Limited 30 |Alkaline 90.01]_90.01] 90.01] 90.01 90.01] 45.99] 45.99] 45.99] 45.99 4599 6 30 Total (MW) 5115 _ 300
2 |Eastern Electrolyser Limited 30 |Alkaline 90.01] 90.01] 90.01] 90.01] 90.01] 45.99] 45.99] 45.99] 45.99] 45.99] 6 30 Bucket 1: E ruliser Wanufucturiyg eapac Wﬂ"’;f‘i;’a;‘;{f‘“]‘ techuology;
—4‘“—. — T aximum Capacity to be awarded= _ ]
3 |Newtrace Private Limited 30 Flectrolyser 81| 81] 81 81| 81| 4595 4595 4595 4595 4595 6 30 s. N Capacity]|| Typeat Vear-wise percemiage (T LVA | Tearoviee Spfnﬁ(csiléa)ry |
No. ~w) | E Capacity (MW)
i 1 chang Year 1|Year 2|Year 3| Year 4| Year 5/ Year 1|Vear 2|Year 3| Year 4| Year 5
4 f_:ﬁ:;h's" KAT Solar Park Private 30 [Proton Exchangel oo o1 g0 0| 80.03| 80.04| 80.05| 50.98| 49.98| 46.98| 4598 4598] 56 10 1 Adani Enterprises Limited 5 Alkaline P
2 |Newage Green Electro Private Limited | 300 _|Alkaline 90.01] 90.01] 90.01] 90.01] 90.01] 45.99] 45.99] 45.99] 45.99] 4599 6 715
5 __|Bharat Heavy Electricals Limited 10 |Alkaline 90.01| 90.01] 90.01| 90.01| 90.01] 52.99| 48.99] 47.99| 45.99| 45.99| 5.52 3 _[Waaree Energies Ltd 300 |Alkaline 90.01[ 90.01] 90.01[ 90.01] 90.01] 45.99| 45.99] 45.99| 45.99] 45.99| 6 300
6 _|C. Doctor & Company Private Limited | 20 [Alkaline 81 91 91 91 91| 49.95] 4995 4795 46.95] 46.95 5312 Matrix Gas and bles Limited 237 |Alkaline 90.01] 90.02] 90.03 90.04| 90.05| 45.99| 45.98| 45.97| 45.96/ 45.95| 6 237
Y — 5 |Advait Infratech Limited 200 _|Alkaline 90.01] 90.02] 90.03] 90.04] 90.05| 45.99] 459 4585 4ss| 4579 6 200
7 EE“ Enginecring Technologies Pvt 30 |Alkaline 71| 80| 90| 92| 94| 46| 4575| 455| 4525 45| s proton Exch
6 |Ohmium Operations Private Limited 137 M“::;'m;: “EE| g0.01| 80.01| 80.01) 80.01) 80.01| 4599| 4599| 45.99| 4599| 4599 6 137
Proton Exchange
8  |LiveHy Energy Private Limited 10 |\ fembrane 70.55| 70.55| 70.55/ 80.1f 80| 49.95| 48.95| 47.95 46.95) 46.95| 4912 7_|GH2 Solar Private Limited 105 [Alkaline 80.01[ 90.01] 90.02] 90.03] 90.04] 47.98] 46.98] 46.97] 4598 45.97] 5.616 105
8 |Avaada Private Limited | 300 |Alkaline 7001] 80.01] 90.01] 90.01] 90.01] 46.99] 46.95] 4599 45.99] 45.99] 534 495
9 |Pratishna Engineers Limited 30 [Alkaline 85 85 90| 92 92 52 50 48 46 46 4.72 Green H2 Network India Private
10_|LiveHy Energy Private Limited 20 |Alkaline 7055 70.55] 80.1] 80.1] 80| 49.95] 48.95 47.95] 46.95 4695 4.236 ® |Limited 100 |Alkatine B0] 0] S0) 100) 10O] 469 d68) 469 463] 46 3104
11 |IEC Fabchem Limited 10 |Alkaline 0]  90] 50, 90] 90 549 54.1) 536 522 509 3.584 10 |Thermax Limited 100 S.;’]'d 01""’5 7001| 70.01| 7001 70.01| 80.01| 4599 45.99| 45.99| 45.99| 4599 504
12_|Greenzo Energy India Limited 20 |Alkaline 60 70| 80| 80| 80| 50| 51| 52| 54| 55 332 i — EEC‘]{"W*
Total MW] 270 100 11 _|Oriana Power Limited 100 |Alkaline 70 70 80 80| 90| 52.8] 528 528 52.8] 528 3.496
il Total (MW) 19805 1100
= “ - > S TR AT 3 Lk ) . N “ oS “ »”
(AT SECI SIGHTZ ¥ — /4 (Tranche-Il) ICEDL A ¥ FTOBFEBOEERNDOREICFAT RIS Envelope-2 AfLBRBE D R v S>3 v b

JOGMEC “ (f2#) 1 ¥ FOFEY A Pmk%i%%"
“National Green Hydrogen Mission: Transforming India‘s Energy Landscape “2 & & V. #FIFUH—F & T2/ ALY — Rk

X25F2A825HL— b 14 >~ P —=1.73M (R
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B 2024 ¥HAIL. SECI (Solar Energy Corporation of India Limited) A'SIGHTX & — L (Mode-1 Tranche-Il)®F
T, 7V —kEEENE: @i%t%?ékﬁﬁ@kﬂ%%%ttoEﬁ4m0mwwwiﬁﬁ*5kﬁbr 14
D L EMG,26,500 MTOEERBE TANLDLH >7-, KEKEH-V DA VLT 4 7IETREKDEY TH 5,
| i7‘-SIGHT7<ﬂF—A(TranChe-ll)t:’C\ ERRENERNZHILTH-OZEETEREL -, EREREEEDETIL
TREKDBY TH D,

SIGHTRF—LDZEFER

TV —VkREE(E—F)DRERR £EEHE EREIETHOIEREL
kg4 At 5747 BAREYYUTA T4 T

Snapshnt of bids under Bucket-1 after opening of Envelope—Z Successful Bidders after Envelope-2 Bid Opening dated 13.08.2024
Incentive quoted (Rs./kg of LoAs to the Successful Bidders issued on 16.10.2024, 13.12.2024 and 13.01.2025
. Production Capacity ' s, — Quoted Annual Awarded Annual M g Tmum Allocated Tve (s,
S. No. Bidder Name (MT/annum) Bucket No. GH2) T Bidder's Name Bucket ine Cagacity Capacity (MW) )
- — Year1 | Year2 | Vear3 1 Advait Infratech Limited Bucket-1 200 200.00 296.00
1 |Oriana Power Limited _ 10000 Bucket1 | 0.01 .01 0.01 2| Matrix Gas and Renewables Limited Bucket-| %7 237.00 350.76
2 [Suryadeep KAl Project Private Limited 19000 Bucket 1 1 11 12 A Green Electro Private Limited Bucker 1 20 7150 05.82
3 |L&T Energy Green Tech Limited 90000 Bucket | 1 9.33 23 Chage Treen eelro Trvale e e - : i
7 |GH2 Solar Private Limited 10500 Bucket 1 3 15 340 4|Ohmium Operations Private Limited Bucket-1 137 137.00 202.76
5 |Green Infra Renewable Energy Farms Private Limited 90000 Bucket 1 1 40 7.6 5|Waaree Euergies Ltd Bucket | 300 30000 44400
6 |Waaree Clean Energy Solutions Private Limited 90000 Bucket 1 1 27.85 27.85 6|GH2 Solar Private Limited Bucket-1 105 105.00 155.40
7  |AM Green A ia (India) Private Limited 90000 Bucket 1 7 40 10 7|Avaada Electrolyser Private Limited Bucket-1 300 49.50 73.26
8 ReNew E-Fuels Private Limited 55000 Bucket 1 50 10 0 &|Adani Enterprises Limited Bucket-2A 101.5 71.50 105.82
9 [Reliance Green Hydrogen and Green Chemicals Limited 90000 Bucket 1 4.96 40 30 9[Newage Green Electro Private Limited Bucket-2A 300 228.50 338.18
10 |Matrix Gas and Renewables Limited 10000 Bucket 1 15 39 29 10| Adani Enterprises Limited Bucket-2B 30 30.00 44.40
ior E v India Priv imif i sorti vith M/s 11|E Electrolyser Limited -2 30.00 44.40
1 (1cmr !:,nergy ]IHE|I8 Prl\ian Limited (in consortium with M/s 20500 Bucket 1 14 40 10 astern ec.lro yic:‘ 'mntc Bucket-2B 30
First Element Private Limited) 12 [Newtrace Private Limited Bucket-2B 30 30.00 44.40
12 |Avaada GreenH2 Private Limited 45000 Bucket 1 29.9 29.9 29.9 13|Suryaashish KA1 Solar Park Private Limited Bucket-2B 30 10.00 14.80
Total 620000 Total 1500.00 222000
Successful Bidders selected based on Clause 33 of the RfS
Snapshot of bids under Bucket-2 after opening of Envelope-2
. . Incentive quoted (Rs./kg of
S. No. Bidder Name P’“':;;I_'E';:::S““’ Bucket No. GH?2)
Year 1 | Year2 Year 3
1 [Matrix Gas and Renewables Limited 1500 Bucket 2 50 40 29
2 |Nishal Enterprises Private Limited 1000 Bucket 2 50 40 30
Total 2500

(HFr) H2 VIEW “India steps up green hydrogen tenders and bids”,
SECI” Result: RfS for setting up Manufacturing Capacities for Electrolysers in India under SIGHT scheme (Tranche-I1)”,
SECI” Snapshot after Envelope-2 opening: RfS for Setting up Production Facilities for Green Hydrogen in India under SIGHT Scheme (Mode-1-Tranche-Il)”
W, AFEFVY—F T/ 0Y—XERK
MIZWHO 3 Fud—FaFo/09—X © 2025 Mizuho Research & Technologies, Ltd.
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B ARV —=VKROTAT 27 FeEHGHEZRET 270, N YVERRE - [BETEBEHLVEESRHET 2 E
BRkEZ 7Ty 77077 L (H2Uppp) (12T, 4>~ ROKEEGIHiGEREFEL TWLW5S,

B RUNTRLF—EEIFT (EEX) & RAVEBEBARE (Gl1z) A 4> FAXREGIFT (IGX) ICHBALTWw3,
IGXA DA v FTCOITRIILX —MHHRIIREBAEA L DD, EEXNGIZE HEi# [ CAEBEDOKEHTHBFHRDIX
ELTEEFBEOERICERY T, F/KEMEL I FILORMEE KEREIHIHOFFEREICHEYED,

H2Upppic & B FA4 V-4 Y Figph7nY =7 F OEEAR

EHEIE I=R7 ]

IKETMIGIFTRDUNE KETIGORBICHELRT —XZNE, HIHORIRETFRFHEIITS,

Mg 7+ L DRt BFICT Y —vkEDA Y NENMIEIEEZEA YT 5, BRADEAE (774
h—) I 7 FHLEEY . hisEREICERRT 5,

KZENE | HIZDEHERE KETHOFHNABZEL LT, 41V FICHBITEKEMGEE (A>T v I R)
CHE| #FBRT 570D T7 0> a v T I VERET b,

1TEETIE % H[E] TiEsE AE. BBl @k, HEBREFICNA T, BERIUERZCPHRFIZRBLEDRT—7
FNE =% %, 4 FTRRMEIBR LG TG EREHT 2 & W5 HE
BEZ BT - 1TEEHE 2 R THBET 5,

(WP EEX7L 2 Y Y —2 “EEX, IGX and GIZ to jointly develop hydrogen trading market in India”
LY. AFEVY—F T/ AT —XER

MIZWHO 3 3Ud—F&72/09—X © 2025 Mizuho Research & Technologies, Ltd.
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FAYOEBKEZ 77y 77875 L (H2Uppp) X, KA VER - BETIEZHE (BMWK) H"EET 3 E
SRETO TS LTI Y —KkEEPower-to-X (PtX) BfTOTIBKREXIET 5D D,

ZO7ATILDOBENIE. 7V —vAKEPPXOTAY 27 bXIE, YAV 7 FRRONEHBE, S— b —F
EHRDLEEFRAEARERETH B,

BEDE - FAAEEAZNRICL TWS, RS TCREIESREII TR EEY TH S,

EEEL A VEBROLNH (GIZ) THD, £7-2022FIC8F->7-2D 7077 L, 2026FEKE TCEHERE
nTunsd,

H2Uppp IC & 3 ZENRE H2Uppp i< & 2 XIEAR

® 7L U7 o oEm— — = N
o S5 7EVI7F® i47¢¥t@t§¢%%%ﬁb;79—{*§
o F FETE MIE DS A% Xk, MHFAMOERPL. 7 H
o Tzv FRXE. RITREE. kKRFEELD
) :ID‘/°1E7 Iy b7 — IR HAE,
® T
® (VF R \ N N
e EOv I 7aYz 7 b JU - kRPPXEED Az s b EREE
~ 7 ¥ L HRITEMR, NHEE (PPP) T/ AR
® FIb7 Vi hEEFL, EFTATTAVRT A4 3
® M7 UAh > %8 U TRIBATBE N & ST,
o XA
;§§fégggffgag;17*“ » o FEXELRS  BHRTU U AREL, FAYEORZITHED
: L ZROEA T, BHCEZEEY X7 OERZX
&, MBEREOEECEEX) R J/70EMzEEL
1-Bh 2 58 = K,

(HAT) FA Y BUF “International Hydrogen Ramp-Up Programme (H2Uppp) "& V. #FI1EVH—F & T2/ AY — B
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EA7 VEZTHREOEE : 2HORKAS

B 2EORKRANAIE

TEROEEY,

= BRI RERIW] - i K-3-ORE  WMAX-#—(r-ky)  WASCAEOA
BEKS EREREBALSH 350000 Sub-C 1980 LEEBHASH X
BERKS EREREBASH 600000 sC 1985 LEEBH AL X [EEES EHET IHI
R EREASET 700000 usc 2002 LBETOBASH o FRRIKRRS —Y 2 [ERERASMOBREL =sET i
BEXA ERANEBHIEH 600000 Sub-C 1993 HLBARRSH X EEE
BRRA BEARX ISR 2 B 600000 usc 1994 HEOKRSH -
BRRA BRAXHHBAITH 600000 usc 2020 HEOKRH - w2
BRRA RETROFBATLSH 1000000 usc 1997 RAEAHASH - L¥3 =FET
BRXA FREF2SH 1000000 usc 1998 EREBAKRISH - Haz =¥ET
BEXA FEAHSH 600000 usc 2004 BASHIERA - ZEET =FET
BRRA FBATES # 600000 usc 2013 HASHIERA —
I{éirﬁaﬁ THRT > =7 S0EERBR 3004 F V5
= - st y s T - -
BRXD - SAF2R RERANK N REARLSHE 1000000 usc 2003 BARHIERA (e} P ECFY S5 AT DRI oW ZESET =HET
[ SR AR FE SR B BT R B 7 BT IR ER |
TYEZTFYTIAF = OF|ICOLT
rﬁﬁﬁgimag_mﬂﬁj E B BT RERER |
B - 8 Y = 2E 7 Y EZTFYT 74 Fx—> - _
FRKH - 1$4AZR RERTA N FBASH 1000000 usc 2013 HASHIERA o FRT LY e ZEET =HFET
7L RARAR [ FRIREE SRS SR B IR A R BT IR
BR |
£=14 BARXIRBALSH 650000 usc 2023 BASRHIERA — ZEET =FET
AR BABKSIRBASHE 650000 usc 2024 BASRHIERA - SEET ZFEET
BEXN SEEATLSH 700000 SCI4F=2 R 1991 BRRHIERA —
ARKA LG ek 700000 SCISAFA=RR 1992 HASHIERA -
BRXA ERAHABRHRISH 700000 USCI/SA AR 1993 HARHIERA - IHI
BHEAN BEANRERISH 1000000 USCl/S4 £2R 2001 BEAHIERA o fggﬁﬁfff’f;f/ ¥ THEmXHRRA S BB v HI
BHAN BRANREAEE 1000000 usCl/t4 2R 2002 BAAHIERA o Eg%iffj;f’ 3 ¥ TEmXNSRAGS ML v HI
AR SAFTR REBAHABHRSSH 1070000 usc 2022 BRASHIERA —
BRRA E”"ﬁy‘”fmﬁml% 250000 Sub-C 1971 TEREEhHARH x [2E:2koo
RERA gmﬁ%ﬂjﬁgmmﬁz& 250000 Sub-C 1972 FEEEHHARH x 2k
BEXA ERAEXNFEFMLSH 500000 usc 1995 FtREEHHAR - ZHET
Ak AFTR ERABEXDZBASH 700000 USCI/S4 43R 1998 JLEEE SRS =
BRAD EC ULy iy ) 500000 sc 1991 EEBARRRHE X [EEES
AR MFTR BERDEBAEH 700000 USCI/S4 43R 2000 EEEIHRSH -
BRRA BRAXHHBALSH 900000 usc 2004 BREAHAR -
BRXA SRNORBISH 900000 usC 2010 EEBIhA - £33
RNAFRR ZERAEALSH 1000000 usc 1998 PEBHHARH - =FHET
A FTR ZEBAERSR 1000000 usc 2022 PESHRASHE -
AR AR BATL-15 250000 IGcC 2017 PEEHHREH -
AR HOFERBALSH 500000 SCIS4F2 R 1986 PEBHHEAST =
Ak HAOGFRREA S 500000 SCIS4FZR 1987 PEBIHAST =
=14 R B 700000 usc 2025 OEEHHARH -
AR - B - AEAAATR ERREATL R 500000 usc 2023 mEEARRAH IN % gﬁﬁﬁ?ﬁ [&ATAT V=T HIBREHE20250
AR - Bl - KESAFTR FASRFEBATEH 250000 Sub-C 1970 MEEHHAR x [EE2EN
AR i EH S AT 1 58 360000 PFBC 2001 HMBHKRRSH XX @%{J il’f;fmz%ﬂ&zﬁﬁm%m%ﬂoﬁu:
=14 WHFEEATLEH 700000 sC 1989 IMEIHRSH x [EE2EN
£ HBREASE 1000000 usc 2019 AMEAHRRH A 7&??? MARREMI-$\TT Y £ =7 RMBRE R SEET
AR BILREALSH 700000 usc 1095 AMBHRK R N e MR- B\TT Y 2= 7 BAESURE X
AR FLHEASH 700000 usc 2003 TMEHRASH -
AR SRAHNHEA 440000 Sub-Cl/$4 F2 R - HREHHARH =
AR L RIPIaE 1. i 312000 Sub-CI3 42 R - AEBHBRASH -

(HFT) BRERRHBERLY . #7

FUY—F&T7 /07 —XER

MIZWHO & FUy—F8&52/09-X
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st
(HFT) SEQRIBERE Y.

SEDOARKAFTTRDEL Y,

AR

BEFL BB AHSRRW] T EGAE REEEE - i S—F—ORE  MAA—H—(R—EY) I
BINBRXHFEER 312000 Sub-C - EREREA M -
Fi X HFBAT 2000000 sc 1994 HARARADFEBHASH X [EEES ZFET =FET
DRKHSEBR 1700000 Sub-C 1970 PRIGCC/A7 —BEEH x EEES
HRXNFEEMSH 700000 sc 1983 ERFRAEADH X X %ﬁ)ﬁﬁﬁigfv—‘ BRNHRRF5E % B .
HRXAR T SE 600000 usC a TREREA M
R ) 1200000 usC 2002 L e -
"y = " BRI (157~ RRXHFRERATEEERBELE
WA FBATLSH 1000000 sC 1990 BIRRES AR xx D030EE % Tl )
X NREERR2 S 1000000 usc a EREARRA LY -
P =2 3 B FAEEHE ()37 —, BRAHFBFSEEABELE -
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