VOLTACERA White Paper Series

Chapter 2
02 | EH:

off SOEC7t gl Z7o A Y| 1A 17t

Voltacera Research | 2026 8&

Voltacera White Paper Series | © 2026 Voltacera Inc.



2 9F (Executive Summary)

2050 BtASE FH7F FAEQ MY N E MetE|HA, d2laAs Yot R U2 E- Y™ 20}
o EEtADt A2 E Q=M OI7 M E 245t JESL|CEH d2{Lr Dels=A0| ¥ BE52 7IES =
HY HE=E2 WA Y=o a8t H[ Y LCH AN J4eHC 2 AT E =T 7| =0 YZEFR(ALK)
OF A SANPEM) A2 ZHZto] HEO|E Eot, M3 AH 220 12 I E &80|2t:= F
HO|M £ =H oA E ot UESL|CH
DX AtetE MR (SOEC)= O oA E st o2 HOo{4d L L} 600~900°C2| 120 A X S5t=
SOECE & 4tE &dlist= Ol East ©7| ofHX| 28 E2 NS, &Y S7H0AM L4St= I
g2 AT FRYEM AL JA L oKX 2828 22822 E/LICL 0{7]0] CO,2FH,0E &
A0l M8li5t= Co-electrolysis 522 ALKLE PEMOIME 73t = Q1= e-HIEHS, - Z L[O} & X}
MICH e-fuel EHdel =4Ol € LICE.
= YEOol diy L{E2 L2t 2L o
+ SOEC 2| A|AH E%E | E A Al Z[CH 85~90%0f EStD, O] = ALK(65~75%) X
PEM(70~80%) CiiH| X O 2 &2 $=X| L T}
+ Co-electrolysis £ £%t 24 7tA(Syngas) 21T MAL2 7|= £H || 7| = (PEM O|Lt ALK)O|
N SoHA| Zdt= 1/ 278 L |LICt
- =2 =2{0|0{(Sunfire, Topsee, Bloom Energy, Ceres Power, thyssenkrupp nucera)2]
7= EE'?:*.'S SOEC 9| 7|7ItE g &Yt B2E F30| HojF=1 JUSLICE
« Voltacera = SOFC 2 523t A2tal ESHZC = SOEC £ FolstoZ M, THY 7|& 7|8t
IO M- WA-H S S SSH= 2A0|E O K| 5{E ZE- S X|>FgtL| o,
1. M2: =86l A|ge =X HMet - off X|7 D827t
21 EtAFE0| LSO =4 =0
IEA2| 2023 LI K| 2(Net Zero) A|Lt2| 0] 2™, 2050 EMHA| 2 2Y =2 2= A2 5% 2,000
o Eof 2 Ado2 MY L Ct of 7h2h agl —’F—i(XH*”Wl':iXI 7|8 =T38l) 7t AHX|St= H|S 2 o
X AHA AR 0%01 A 2050 F K| 2| 40% O] A2 ZofioF gL 2023 F & M M|A =Xl HH|=
9F 1.4 GWO| =13 X| 2k IEAS| Net Zero Emissions AI'—fEIQOHA‘IE 2030A 2F 560 GW7t L& L

Ch Z8#E Z2HMEZS D5 2otH 9F 520 GWO| O| 2 X|2H &E 4= OF% =7] 7 THAof B =&

U LCt.

Voltacera White Paper Series | © 2026 Voltacera Inc. 2



+Q SHO MO @7+ O AN AEYLICH FE AT 2030E VA LY D212 Ao Mt & =
10 MtE 2 EZ 3}= REPowerEU A E S AldstD QO ot=22 2030 244 2501 £ MALS
7t =4 ZEYH HAIMSLICLH O/=9 QS8 0|M ZHHIRA)S kg £[CH 322 HH+A M|
HIZKX|(§45V)E Solf DA2lpA MA RITIE 15~2YB{/kg TFELZ BOLYE £ &= ZHS HEY
&L C}.

2.2 AT} =Tl A& SHA|2t 7|2

SEYH SFS| AL 2023 23X 2 FRO0|A 2030 40X &, 2040 200% ¥ O|A o 2 MEtS
Ao Z MAELICEH O2Lt | A|ES X|Histe LZ2tQI(ALK)DE PEM 7|52 ZH2t &N K of2
Ot Ao, O] = 12 =M} (SOEC/AEM)7} X|11 E0{2 &= Y= U2 BHE0o{LfD J&LICH
ALKE= g3t 7|20t 2 7| §AHHE2 ZHOZE X0 MF Dert & B HME 80| =
2 ZH MOl X|2f2| I AA o 5tA|7F YESLICH PEM2 W2 SEM Y0t =2 MF Y= 5 H3SHX| D
B 2= =040 CHot Q=M 0| =1 AE! 0| ALK CHH| BSLICH SOEC= A A St X 7| CHA 0f
UX|PH D2 2F0| 71L& E9aty 0|HO| 7| Xl H|8 B o siMo| & o2 Hotern Q

=L

HU

0|'J X

op T

OF r|.0
=

rir oot o

7I
L of 2k 3 A ”EHé I—| L =227t
HOF 3t= M X|(AG)= &0 SLIL

25°C(&2)0 M= & oflHX|2| ¢ 93%E T 7|= S=00F & LICt Z12{Lt 800°COl| A= O] H|&0| <f

70%2 SOtX|H, LIHX| 30%= 2 52 = UASLIC 0|0 SOEC7Zt 7| £H| ZHOM £

Moz Qa|gh o|qLCt 12 SHHoN BHS & = 2 (kinetics) 7i 4 £/0f 1t 2 (overpotential)O|
dA5E2 AN 278 282 0|82 @9st o|dECt o FL L.

L

2.2 M| 7|=2| H|: ALK vs. PEM vs. SOEC
=z

7ty gl &&= M 7HA| =3 7eo| S X &S Hueh A YL CH

Voltacera White Paper Series | © 2026 Voltacera Inc. 3



= ALK PEM ‘ SOEC
IE e 60~80°C 50~80°C 600~900°C
s E KOH £=& 4 L+ 2 (Nafion) &£ X} ScSZ/YSz/GDC M2t
7| 8 (LHV) 65~75% 70~80% 80~90%"*
A2 S8 (HY = 65~75% 70~80% 85~95%*
ME g 0.2~0.5 Alcm? 1.0~3.0 Alcm? 0.3~1.0 Alcm?
AEH 4 80,000~100,000h 50,000~80,000h §7|¢_%4 a5 A%
(S E 80,000h)
g2t =34 8 (2 e kS (2= EHR) Mok (2 2td)
a5 F50f 2AE =) =5 (Pt In) os
Co-electrolysis =7t =7t 7} (CO,+H,0—Syngas)
dedst =& M= (TRL 9) M= (TRL 8~9) 7| 43} (TRL 6~8)
*H G SEE B A HE) A 20 7|E. Y 28T V|[E2 2= 9 80~85% T&.

23 120| 7t = F7 o[ H

SOEC?| 112 &F2 thad| 7| 2& 7o AXX| E5UCh 52 2=0M e 8= 232 2dst
Of X7t ZOPM 5<% £0f §lo|= S22t 88 S8 HdE & USLIL Ol= ALK &L PEM CiH|
2% HIE FROM 22X 0|FE MSLICH =2t SOEC AEH0| A Edt= 12 1 € (600°C O
)2 B0 Sulety| glo] 2l i S0 AE S5otAL:, de= MY 582 HES SOECH
Foots S8 A7t 7tse UL o] @ S dAOF2 2 SOECt Eh= =73l dH|7t ot ¢ of
HX| A|AEol iy LE2 7|58 4= A ote 2 A YL

3. Co-electrolysis — CO,+H,0 — Syngas, e-fuel 2| 7}5/d

3.1 Co-electrolysis 2t F£21217}

Co-electrolysis(3& T3ll)y= SOEC2| 112 StF0|M =5 7|(H,0)2t O| A=t EtA(CO,)E S A0 Tsi
5t0] gHd 7t (Syngas: H,+CO 22 2)E AE d4tst= 7=/ LICH O] BHS2 ALKLE PEMO M=
g2 E7tsELICH F 7|8 EF M20XM &55t7| =20 CO,2| H7|et<tA Shlof st bt
S EHEEN XUS SFAIF|X| Zop7| W YL Ch
Co-electrolysis2| Ht3 4|2 Ct2t 25 L C}:

H,O + CO, — H,+ CO + 0O, (Syngas)

Voltacera White Paper Series | © 2026 Voltacera Inc. 4



M dEl Syngas(H,:CO H|E2 gt =710 2t 2 7ts)= T M-EEF|(Fischer-Tropsch) 2 d2 &

5l e-HEHE, e-F 2 L|O}, e-CIE, e-2E 7 (SAF) S CHY ot e-fuel2 TetE 4= USLICH

3.2 A onjet AF 7|2

Co-electrolysis2| &t A o|0|= BtA Z D} Of|HX| XEHE SA0f s ABtCtH=
AHE -otst SEWHEO|M =7tT[SHA HiE &= CO, )
= M(CCS)st= Uil DRIH7HK| dgz ekt
Circular Economy)'2| &4 7|= Z22 20 S L L
A # 2 ZHOM T Co-electrolysise The =4 MAFAIZS HO{ME ES
X2 20304 o 20 0N 20501 500% & 0|40 2 NS Z{oz Mg

= 2502 2O Mol =27t sy SQI0| 2 A= HE S

A

2

o 422 X2 75T Co-electrolysis 7| & LT

3.3 7|1=H 1A

o

HO|X|2H SAI0 7|&X Ot = SEHEHLICE CO,2t H,
o] =3t e M= HEZZ(Ni-YSZ M) EHO| EtA & X (coking)O| HAst 4~ on, o= A
I

XNoteo| =2 @l Q10| ELILE O] AXot7| flet 24 7HH(Ru =8, A-site ZE HZEAFIO|E H

Ju or

S)t 2 = A MUt M 22 E Ao Y FH 07| = gLt

H7| 22 (LHv, Tt 1%l 80~85% 2 H 85~90% H Y AA Al FIt5~10%p &4 7ts
=)

gstE (2 7IF) XY 1~3%/1,000h 2 H <0.5%/1,000h =3 =7 242 gy ItA|
2R = &7 10,000~20,000h 2 ¥ 80,000h O] 4 ALKS| H¥=+=J0| 2™t 20| 58
Ao M4 Tt XY $4~8/kg SH $1.5~2/kg (2030) IRA §45Vet 2% A & 7ts

Voltacera White Paper Series | © 2026 Voltacera Inc. 5



H| 3

KK
<+

3
%l

X=®

(LCOH)

H 1.5 W/cm?2 0| A}

=2
=

0.5~1.0 W/cm?

£:SOEC 9| 7%l dH|d

=}
=

4.2 I g

L|Ct. SOEC+ 2t& 1HE0f|A 600°C O]

289

SOEC2| ZH|&

AI7|0, 2= 9

HFA
=2 o

o=

~
~

ol

| BHI8

ol
ol

k-

SOECO| M7| .f

A

T2 10~15%p EEElE 207t AFLICL W7 250 22 o=-L=2-FH AT 0| 2 21t

7HLCOH)E 28Xz IF & gilH 7t gLt

Al Ct
- L=

¥

H

A

T

14

olo
ojfl
ol
mr

K
Bl

7| 7t

o
2S

& 7I55tH, 0] 8% SOEC 2B Ate 2

2

SOEC A EHOf| A HH & &

Tofl

ujo

Ho

Hig

SOFC 22| & &g Al X]|

0| <2 Mus{XL|Ct SOFC &

SOFC-SOEC

=
—

s

=il
&0

Voltacera?| X|

Ol

B A2 oA 250|712

23

§ot= 12 H{ES SOECS

HEA
= O

™ CHH| 5~10%p =7t S ELLCEH &, 5L £X| 0| A SOFC(Z )2t SOEC(

A

X

H 7318

2 - H|o|E] ME]

NEERS

5

to| M22 izt

M

5.1 QIO|E{ME]: 2AIO|E 2

Z0|7| 28l BTM(Behind-

=2
=

Chapter 10| A &1 2 HiQF ZH0|, HIO|HMIH 2HXS

Voltacera White Paper Series | © 2026 Voltacera Inc.



the-Meter) Z = H= =5t ASLICE SOECE 07| M ¢t 25 T LtOt7E 2At0|
S A M A=HA| WY MO STolet=s M22 7H] Mets 7St 2Lt

THEHOZ, MY HX| MHO0| SEs A|ZICHO| SOECE A5 MAXESIL, MY 271 &2 I
3 A|ZtCHO| SOFCE =4 & H™7| 2 Metsh= Power-to-X-to-Power AFO| 22 HYE{ 2| X & & X|(BESS)
7 8 = el &F7|(Long-duration) X N& £FMZ KNS LICt Microsoft, Amazon,
Google & SFO|HAA| Y C|O|E{4lEf 2 FAHS 0| $=4 7|8t Of K| A|ARI0f 2l S 2O0|= A= O

=0 OlsiE & A LICt

5.2 HZ M. +=2A2AHEH(DRI-H,)2 &M S

[

o
=
Js
6
2y
T
N
)
@
Q
Py
)
o
[
Q
o
5
(@]
o,
o
]
=
5
T
<
[oR
S
«Q OF
D
3
rlo
N
ry
kl
g T
oo "
ok
L.
=<2
x
kL
W
L>
o Jx
rm
fim}
=

|_o
@)
O
N
=‘.I=
o ru|o
Oo
S~
o
0x
A
ne
4
30
B O
-
|

.'
o o
SSAB(2 JIEJI) thyssenkrupp(EO') POSCO(&F%)% FR HUAEO0 |
A MEfe = MEiSH D Q& LTt

DRI-H, 3E0|M SOECE F 7HXA| S AgtE etLch M, 12 =45 o2 S55h= =Tl
HOENM, HE SFUAM Edst= 212 HES Y FUUO OHX| 288 SOzt = ASL T
=M, ME SE2| Hi7|7tA0| Z28tE CO,E ZSHY Co-electrolysisZ2 FRAY2LEM, EtAE e-fuel
UEE Wetst= Bt 2t AIO|2 2 2Hde 5= AsU

5.3 3tst AR A2 AL Ot} e-H|EFS

ot MAUAM SOECO| 71 2 A& 2 02 A2 L|0tot e-Oi EH2 M AFRIL|CEH SXY A7 2F 19 8,000
Ot E0| MAtE|= QEL[OFC] 98% O| A 0| MATFA 7[dt AE! O EF J{E(SMR) A2 2 RSO0 EL|
| DFHOM L2 L0 1EG 2 24E9| CO,7t HHEEL|CH. SOECE MAtEl A2I4AE SHH-&

7 S0 FSHH, O] Hi= S 00f 7HEAH £ == JAF UL

m
o

e-HEH= 2| B2 Co-electrolysis®| 20| B & ATH 22 L2 FL|C otot SYO[Lt HIO|0|A =
EOoM &S CO,2t =5 7|5 SOECO| FotH 2 egtd7tA5 g &+ A2H, O[S HE= &

Voltacera White Paper Series | © 2026 Voltacera Inc. 7



6. 22%Y AM T = — Sunfire, thyssenkrupp nucera, Bloom Energy, Ceres

Power, Topsoe

=0t HHBAS dESHE 227

o
=
o
c
S
*
=
o
()
3
o
I
n
ue

« SOEC 209 MEXN A3l 7|Po 2, HIYNA| MW & SOEC A|ARISI M5 2 4
L

- O3 grste

Q2
’les 23S

o

e 20234 7|Z CHY BE 26 MW = SOEC A|AHIZ SA|MOH
MW & Of

0z
z
[>
m
of
mo
o
kl
Hu
o
-
n

=
o HE: T d=¢t SOEC &=t X / 0tA|: A8 Stz /i Sl ¥LH|E 2

6.2 thyssenkrupp nucera (5%!)

o TSEOE ALK =T3l<

=1
o =
Zebot XMIDH =73l 7| =

—

=
 Fraunhofer IKTS 22| &2 2 &3l ESC(Electrolyte-Supported Cell) 7|2t SOEC A& 72

Xl Z=0|0, O|= Voltacera @t 7|2 X O 2 J}&t QAtSH M2 HQIL|CH,

S
o HEZ 27|Y(thyssenkrupp Steel)2| =2 2HAH|H TZ M EQLo| £~X| E510| Z st LI E

+aME gests M o|HY Lt

7 [ o
EX| Mt MEFS 0|8l8t= Z42 VoltaceraZl 35 Y L 2&& A 5t=

mjo

o ALK it Olmpl- i JHE =8 Jhs / HK|: SOEC 7|& 5 =7t Sunfire THH| RS

6.3 Bloom Energy (0|=)

. SOFC 20| 22 #fj 4215t 7902, SU N2te M BAES Aygoz 2

o
SOEC 7| & (Bloom Electrolyzer)2 482 3|31&LICt.

15

P

rr

« 20234 0|3 O X|££(DOE)Z R E SOEC 7|& 7HY X| &S HAOH, NASA 29| Ego 2

=
=Ml 7S 2F S8 2O = HEst ALt

Voltacera White Paper Series | © 2026 Voltacera Inc.



- SOFC 2t SOEC 2| 3¢ E3&E T 22 Voltacera 7t X|&dt= 2t ‘He2td| 2 X|SHH
2

A5 U E MSELCE

« ZH™:SOFC YAt olmet-12 HERQIF &8 BTM Q| AT & HI=L A HA

$1Xf SOEC At 2= SOFC CHH| =7| tHA|

6.4 Ceres Power (8=)

« 2% X|X|Xl(Metal-Supported Cell, MSC) 7| 22| XtA|CH SOEC S3H-E =
M|2te] X|X|H| ChH| 22 %t&E 2 =(500~600°C)2t 2 7|5 - X & ZHe 2

K- 10 -

o
« Bosch, Weichai Power(Z=), Doosan($t=) & Ct2| 228 TtE L0 A 7| 20|l A

o
YA OB AYS ISt BUE 7Y YL

ot AS L.

« 2025 3 & Bosch 2| SOFC/SOEC AtY E = 2, Ceres 2| 2}0| 4l A TE L] ME{AH O =

FeF0] ARAL Lt Doosan st EEH2 X[& ZYLICEL

. YW NSNS 252 OIg A BE B2 B, B0y DY A2 BB
7|7tQtE 2 MY HYX|IIR| =0 A|ZHEQ

« EO0|-3Y 7|2 200 22Y M5 7|Y 22 SOEC £ e-fuel(e-MI EHE, e-QF 2 L|OF, SAF)
Mi 30| ot O 2-2 X0 JASLICH

T2 9| SOEC 7|&2 32 0'80|0, SOEC 2 downstream methanol synthesis &

Zstst= i 2 Power-to-X AH23} B RS =XIStD Q& L|CH
A

Rl
>t
%)
®)
m
@)
|>

m
0=
i
=t
o
=
il
40

>
|m
I}
L ot
o
Ok
2
=1
10

19
of
fjo

| 2 = SAEY olst 3 =pd 2l Ol
Aot '3 S8 XH(Process Integrator) ZX|ME F|st1 UE&L|CH
«  Z7H: Co-electrolysis X e-fuel 3 S0M =25/ 0tK: SOEC th= HHOfECh= Y
Y ZZNE FHOZ T A A AF I AH2[7F U
6.6 24 & 29 Y voltaCera?| ZX|M
UM HHE FR J|YS2 MES ZEUSHH, SOEC AL A™H2 A N 7HX| /52 M
2 dgE1 s

Voltacera White Paper Series | © 2026 Voltacera Inc.



Ho

=]}
=x

HotEl ZH Y

FOfl k2t O] 2fet SHOA At

X2
=

_I

b AF

Kd

L ct.

A
=]

7|HEL $=Ae-Fuel S C}

EH
=

A

Al
B B

P712E=, &5

[}
2o 290 0 HE A= o &Lt

f

g2

1 7|1 E0l W

2 ¢

5! ESC 7|

9§ A%}

M Dds Met

7tXIAE

JEE,

=
[

VoltaCera

I 2% g4d, M= Y3 HZE, tape casting, & H|
LA A" 7|0l 7Y 70 RAUSHA LS5t Ae =

ol
Kr
B
K oK
i
= <l
ol =z
K
o o
0 Tl
10 <
= o
K .
B o
ar
LIS
L}
o B
E_ _u_o
=g ok
< Kq

L|Ct.

o A
o, 1

ZEEO|

1L
5 =2 SOFC/SOEC HENAE X[ #3t= ZAO| VoltaCera2| St 4

N, e

S Al
g2

So| tHt 2 Al AL EAte BEoH7| ks, &E

Mol

IHo

| 2fo]

o

=
=

2H

ol =
2 =2

F_SOFCe &

B

7. ZELM|2L2] SOEC

Ho
i
Hlr

o0

)

10
K4

<

X

)2t SOEC(

pal

gl

xl X
o
=

<

IS

=

8l

2 SOFC(

= O
==

H

=]

M =
= =2

Fe et Azt

N2
[ |

_I

&

SH Al
=

Voltacera2|

a4

-

104

o
zl
oH

a

100
70

28 YLICf.

MNeFN AKX o
(e e |

_I

Hoz A5

7|82 2, SOFC2} SOEC

C} mf2tA 1

Ki

Klo

L|Ct. Bloom Energy@t SunfireZ} 0|

| A
ESC(Electrolyte-Supported Cell) - X 0f| A O]

o<

LCt.

{

g 7

O, Voltacerae=

SH
PN

7.2 ESC +X=2°| SOEC & o|H™

{m

SOFC2}
Ct. SOFCL} EE| SOEC 2= 25

=
[

SOEC

10

Voltacera White Paper Series | © 2026 Voltacera Inc.



L MY, 02-0F7| ZAN M S AHO A =2 ©7|2teA L& 20| SA|0f 2&gL|C}
ES| MR 2MOME B2 G35} A ™ 2| (delamination), =2 X0 E-7|AH 3 5 &7 Lf
T30 gek2 0|X|= 20210| E F28i|E &= A& LICE

(2t SOEC A2 =2 d s OtL|Zt 7|2ty -BX-7|H| X AER A0 Cfst XX QY d0| T
Q3tL|Ct O] 2|3t BHO| M VoltaCera”t A Ef S ESC(Electrolyte-Supported Cell, 3| & X|X| K& Al

2! HotE
TZ&E SOEC HEOM & 7HX| 173 0] S MSELICE

rot

Ho|EE MY

VoltaceraZt A B ESC(TSHE XXM &) +2== SOEC HEMA & 7HX| A7
LICF.

o 7|AA QPEE: M EO| 7|AM X|X[H d2ES SIEE, SOEC 27 Al 2dst=
n2-Meh-oky 279 it = E0le A AEXN A™H0| FX|ELICH

o G AO|Z L7 HIO|EHMEH BTM 2 H 0| A SOEC & M40 X[ 710 ef 2ot
758X E etEg = JAESLICH ESC 29| Hl|E F/H = O] & AtO|E AEf| A0 CHst
Ld= =0 FLICt

o X HE AHX]: LSCF &7|=, GDC HI{E, NiO-GDC A== & Voltacera 7} AHA|
WLS= AT AE2 SOFC 2F SOEC Yol £ &t = A0, 7L EXe| 220|
=5

I
A
Sf
[is
Hu
lo
rA
Lo_l-
o
Hu

7.3 AlY BE: 2A0|E of
VoltaCera2| THe Z3E TEF2 D0|A AN S8 & 428 MHISLCh 1THA 0| A

L SOFCE &83F 138 SAf0|E & o N
3EHAIO A & H202F CO22| co-electrolysisE &

o= 28 ¥Y2 Hryste REYLILE

OO o122 &

£35| SOECQ| co-electrolysis= H202F CO2E SA[0 &SI H22f COE T & syngasE
gt = Loy, 0| = methanol, synthetic fuel X SAF & LIS Power-to-X 32| St =
R 91%'4 Ct

_|

Voltacera White Paper Series | © 2026 Voltacera Inc. 11



SOECE 'D|2j 7|%+0] Ot L|C}. Sunfire2] MWE A A|AE Topsgel| A T2 Co-electrolysis
45, Bloom Energy2| SOFC-SOEC €& & 123l D= X2 0| &7t FId =0 &
S A0 ALKQt PEMO| 1€ 2= gl= ¥ - ne

=4
e 2l -electrolysis, SOFC2t2| 8¢ 2T - 2
TZHO = SOECHO| MSE == U= L/ ZHA YL Lt

e o
o
oo
o
(o]

|-|I

T214=4 AZH0| 20302 Sdf| 7| 712tE 22 MESH= IPH0AM, 145 SOEC A-AE 7|8
T sag U A 7PIIE XI%EEE HO0rE AYLICE O] 7= AtO| 20 M XH =44t
] E Moo=

=
HEE 7|90| A =Hte| Zth #3R7HE A

=/

Voltacera= Ht2 O] ZX|4 S &3l 7|1t d&= 755110 AS LI

» Ct2 ®E of22: Chapter 3

Chapter 30|A|= "eff MO| A|AHRZ AH™S=7t"2t= HE20 BELICH Voltacerall ESC 7|t
SOFC/SOEC A 7|&0| 474 4 CHy| ofH o
AZH|O| EA MBE| =X FH X2l =X &HA|

X7

(o g LB

¢l (References)

Mo

[1] IEA. (2023). Net Zero by 2050: A Roadmap for the Global Energy Sector. International Energy Agency.
https://www.iea.org/reports/net-zero-by-2050

[2] IEA. (2024). Global Hydrogen Review 2024. International Energy Agency. https://www.iea.org/reports/global-
hydrogen-review-2024

[3] European Commission. (2022). REPowerEU Plan. COM(2022) 230 final.

[4] U.S. Department of Energy. (2023). Inflation Reduction Act: Clean Hydrogen Production Tax Credit (§45V).
https://www.energy.gov/oced/inflation-reduction-act

[5] Sunfire GmbH. (2023). Sunfire-Hylink SOEC Product Datasheet. https://www.sunfire.de
[6] Topsae. (2024). SOEC Technology & e-fuels: Kasso Project Overview. https://www.topsoe.com

[7] Bloom Energy. (2023). Bloom Electrolyzer: Solid Oxide Electrolyzer Technical Overview.
https://www.bloomenergy.com

[8] Ceres Power. (2024). Annual Report 2024: Technology Licensing Strategy. https://www.cerespower.com

[9] thyssenkrupp nucera & Fraunhofer IKTS. (2023). Solid Oxide Electrolysis for Industrial Decarbonization. Internal
Research Collaboration Report.

[10] Hauch, A. et al. (2020). Recent advances in solid oxide cell technology for electrolysis. Science, 370(6513).
https://doi.org/10.1126/science.aba6118

[11] IRENA. (2023). Green Hydrogen Cost Reduction: Scaling Up Electrolysers to Meet the 1.5°C Climate Goal.
International Renewable Energy Agency.

[12] Lazard. (2024). Levelized Cost of Hydrogen Analysis — Version 3.0. https://www.lazard.com
[13] McKinsey & Company. (2023). Hydrogen Insights 2023: Demand Outlook and Technology Trends.

[14] Voltacera LI F 2. (2026). SOEC vs. ALK vs. PEM 7|2 H| 24, Voltacera Research.

Voltacera White Paper Series | © 2026 Voltacera Inc. 12



C2 HYstASLH L = M0 Z2E
&l M3xt H|ojE 2

Voltacera White Paper Series | © 2026 Voltacera Inc.

L

o
P
(=]

~
(<}

=1
=

=
A4
(=]

=2026d 7| =02 AME|E

OfLt 2

2t g0l Chl Of et

13



23 (References)

[1] International Energy Agency (IEA). (2024). Global Hydrogen Review 2024. International
Energy Agency, Paris.

[2] International Energy Agency (IEA). (2024). Electrolysers — Energy System Tracking.
International Energy Agency.

— 228 T X8 2030 Z2ME To|Z2tQl, NZE 7|& 560 GW Toli= =2
28

of

ojn

[3] European Commission. (2022). REPowerEU Plan. COM(2022) 230 final. European
Commission.

— 2030 EU QLY T 10 Mt A4S0 Mt 9 SEO| &8,

[4] U.S. Department of the Treasury & Internal Revenue Service (IRS). (2025). Final
Reqgulations: Credit for Production of Clean Hydrogen and Energy Credit — Section 45V. T.D.

10023.

— 0= IRA 872 UNASH A 2 S FHd 28 M o 28,

[5] Hauch, A, Kiingas, R., Blennow, P., Hansen, A. B., Hansen, J. B., Mathiesen, B. V., &
Mogensen, M. B. (2020). Recent advances in solid oxide cell technology for electrolysis.
Science, 37006513), eaba6118. https://doi.org/10.1126/science.aba6118

— SOEC g9YshHl22r 2 1158, Power-to-X 3 12 3™ E¢to| sl 712X 2A.

[6] International Renewable Energy Agency (IRENA). (2020). Green Hydrogen Cost Reduction:
Scaling Up Electrolysers to Meet the 1.5°C Climate Goal. International Renewable Energy
Agency, Abu Dhabi.

— ALK, PEM, SOEC| 2&-+3-H[E 8 7|= H|no| 7|2 A&,

[7] Sunfire GmbH. (2023-2025). MultiPLHY / Neste: 2.6 MW Sunfire-HylLink SOEC at the
Rotterdam Refinery. Sunfire GmbH.

— Neste Rotterdam@| 2.6 MW SOEC, 60 kg-Hz/h O| 4 24t Al H|F 7|
84% LHV 7|28 H4F At

[8] thyssenkrupp nucera AG & Fraunhofer Institute for Ceramic Technologies and Systems
IKTS. (2025). thyssenkrupp nucera and Fraunhofer IKTS Open First SOEC Pilot Production
Plant for Stacks for the Production of Green Hydrogen. Fraunhofer IKTS.

— M E XX HHE M2te SOEC, ¥ZF 8 MW T+2 pilot production X & 7| 27 thermal
cycling 2t& 2.

[9] Topsoe A/S. (2025). Forestal Selects Topsoe’s SOEC Technology for e-Methano/

Production — Triskelion Project. Topsoe A/S.

o

g 9 #o) o

Voltacera White Paper Series | © 2026 Voltacera Inc. 14


https://doi.org/10.1126/science.aba6118

— A QI Triskelion Z2ME Q| 55 MW SOEC X e-methanol 37 & Atz

[10] Topsoe A/S. (2025). SOEC Manufacturing Facility, Herning, Denmark. Topsoe A/S.

— Q7+ 500 MW T2 2| SOEC stack 4ts3 U &= GW-scale manufacturing ZHCH 1 2H0j|
28,

[11] Ceres Power Holdings plc. (2025). Shell-Ceres MW-Scale Electrolyser Project Produces
First Hydrogen. Ceres Power Holdings plc.

— QI= Bangalore2| MW-scale SOEC demonstrator, Shelllt2] & 23 % 2 A&
SOEC &&=t 420 28.

[12] Ceres Power Holdings plc. (2024-2025). SOEC Technology Partnerships with Denso,
Delta Electronics, Shell and Other Global Partners. Ceres Power Holdings plc.

— Ceres2| licensing-based At 2t SOEC =22 Y NIE HEfA 2F0| &8,

[13] Bloom Energy Corporation. Bloom Electrolyzer — Solid Oxide Electrolysis Technology.

Bloom Energy Corporation.

_

— SOFC 7|} ceramic platforms &-83%+ SOEC 423} G reversible solid oxide technology
AbEof 28,

[14] International Energy Agency (IEA). (2024). Hydrogen Production — Global Hydrogen
Review 2024. International Energy Agency.

— 20238 228 M8 SXEH F 146w, HE Z2HE ¥ 520 GW U ZEHE HUH A
Xt 2o =&,

[15] Topsoe A/S. (2025). Unlocking e-Methanol Production with SOEC Electrolysis: Forestal
del Atlantico Triskelion Project. Topsoe A/S.

— SOEC®} downstream methanol synthesis?| 38 &%, =24 N %A%t 3 Power-to-X 4

Mg 230 28.

M DX = HME Voltacera?t 2 HS SH2 2T HESHASLCE & EM0| Z2E YEE 20263 48 7|&
H UALCHD TEFE| = ST A= 0 7|85 A& LT Voltaceras 218 & M3Xt H|O|E{ Q] =g oLt &
N

_J'\_ s ot
OofMst T&0|Lt BB SHX| YELCL & 2Me B4 20, ¥ AR E= 3 & Mg #8435t

Voltacera White Paper Series | © 2026 Voltacera Inc. 15



