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AR [EIANR S AV B BT » 275 8 00 YRR, ~ Figaket K aHEeE R - PR —BU R
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43 H Ms. Mirela Atanasiu (Head of Unit Operations and Communications)f&i#; " EU R&I Activies
on Solid Oxide technologies ;° ERHHERER Clean Hydrogen Partnership > Clean Hydrogen Joint
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B BRI AR BRI T b - ETERI AR 7T 2 MR - BN R 2 K ERE
F—FEE - FEHEEENHIEE - e a4 - ORI E N/ SV EERE - fBFT
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. HARHEER rér a5t T EE M B H IR A M1 (Dr. Teruhisa Horita, Director,
National Institute of Advanced Industrial Science and Technology, AIST, Japan) &z " Recent
achievements of advanced evaluation and analysis technologies for the durability of Solid Oxide Fuel
Cells stacks in Japan ;° HtH 4 NEDONew Energy and Industrial Technology Development
Organization) SRR 5z SOFC &2 #E1 T [ S [ 210 S e » 3l DAL RS s =2 B e o
AR BRGNS BEFE R S oA éE 2R < NEDO 1 2020 Ei#Eh—#riy Hydrogen & Fuel Cell
Program > 2021 F-4%# 70 M$ » H.& 50 THETE - HA 10 FHEL SOFC #HRf » BE&E FEinE
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SOFC-XVIII) > #Zifstd i B L2 & (The Electrochemical Society, ECS)E## » HA SOFC
& (The SOFC Society of Japan)fHAfm#F - F-& R BUEFI R AR EEERAHT . 0:(Maryland
Energy Innovation Institute) FEFEZ#Z Prof. Eric Wachsman > Dr. Horita A 3L[E F 5 - s
RETH R EI SN 2R SOFC-X VI it & -

. BN 5 TH B FH R RR AR R i Bz 51EE (Korean Energy Technology Evaluation and Planning,
KETEP) F{F Kisuk Chung f&#; " Overview of the Korean Hydrogen and Fuel Cell Program ;> 7
SEATERG T 0 B2H Fuel Cell Innovations 23 S]#{ T Dr. Tae-Won Lee f&¥ " An Example of
strategic industrial cooperation between Asia and MENA region for the industrialization of Hydrogen
and fuel cells | o FAEHH - R EHR R E R SR ELE - THELE 2030 FZFI{LE 15 GW
EARIEEMHYE & ] 40%RIR & - FTEaHEECE 2O R EFENEZR 8 TREER
(Nationally Determined Contributions, NDC)FJE & 5 °K  Fuel Cell Innovations 2 &]{# F Samsung
EE SR 14 RAH > 855 37.3 billions USSHVAITREAE] > 15 H I R ERE RNk E
35 - £ Samsung 2 Posco FEEEHIETE N » 1z MCFC/SOFC K Hybrid #fl5F-5 » %
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N e DU RS e BE VAR (R B R (it e ~ BRRE MW 4R35 B8 AV A R 120
EhE - FEIPEEE L o BRI A M40 FCE(FuelCell Energy) ~ BE(Bloom Energy)#ff37 ¢
&5 IEREAHVEERE - R ARRPREE > [FEPESE - EEE S (Blue Hydrogen) i — &L
¢ 0 THE 2023 FEEE 500 kW SOFC ZEMHEE A AEANSE BEE 247 © /£ SOE(Solid Oxide
Electrolyzer) EEffZE @I 57 > HE] 2023-2027 4F - &5 & FFAEREIR KAZREERL - FF 500 kW
iy SOE #54H » DA ESEE(Green Hydrogen) © IRIFERERIRIBIFVERSS - thERMthlE K 2ika
Y EEAE Y — RS ENWHEARFER » Bl EEE AR M HREE R S
77 WARFS | NERe SRR B AR RERL T - Faw 4R L —224% - TEtioh Bl TR o DL LI Rt
& (Middle Eastand North Africa, MENA ) HYSRERHHER < /D SHBAM{AR SR AR @ KFEaE
ToJE Ry 2030 REVREAVHY R RIA H - DUETRRFBERER (Circular Carbon Economy)HYAERY » £
EFAEAHE T 500 billions US$ ° 2022 1 A 19 H' » mEggily b Sy ([ 17 5R IS 455
PP EE TR ER AN REBENRE - KRB - DB i RS e R ik PRI E R
RAL R - B Al Bh FURE B R I E WG AR D S st Bl fir (3 & & A HEFE Riyadh) YA E 42
{E - ZE|H B IV 4 - FERRIKIBEE T EH SRR B S RER - 4R - ME
SRR R AL - FHE A BBIRE &R e E B IR R BRI E A S R - TR
MESEE R NEI SR & | A iR E T -

8. WAREE LM 3w IO » 155 B SE S e R BR DA 5 B 2 B2 57 ~ W 9Tisii ke s £ fy SOFC 3
[RHYIATE > A IREATHESS & Efl A - R B 51/ Ecole polytechnique
fédérale de Lausanne(EPFL), Paul Scherrer Institute (PSI), F£E{AY University of Birmingham,
Imperial College, F+28HY Danmarks Tekniske Universitet(DTU) ~ {#ERHY Karlsruhe Institute of
Technology(KIT)Z5, WHZEHEREAN Forschungszentrum Jiilich, Fraunhofer Institute for Ceramic
Technologies and Systems (Fraunhofer, IKTS), Deutsches Zentrum fiir Luft-und Raum-
fahrt (DLR),/£[Ed CEA-Liten, fajf# Y Energy Research Centre of the Netherlands(ECN), |25
Haldor Topsoe & » /£ SOFC/SOEC HyE¢EE$H -

(D) fLAE/PERE(Estonia)iy Elcogen /2 E] » Ky SOC PARIE M BETTAR B 2 (o8 HEmm 2
o8 KORREB R o B R &SRR » A E R R NRIE o (5 PR S8 e ol R L REAR A
72 MnCoO: friEJE » EL5H%E elcoStack®E3000 EEMMEE L » 2 FIE7S ~ Elcogen #/ERY
elcoStack® E3000 (119 = B BR T » 22 ) S B ~ BRERIZRNER - FEEREe e V{8
FLAHET% » Elcogen AN EIAE VDB TR > (53 10,000 m* > FHE 2023/2024 2 F] FEE 50
MW(SOFC)/200 MW(SOEC)HU#itE: » BRARVIGHNIGFE LR R&D F%E « HAh - TEEIEZ
W2/ H] Kerafol Ryt B THIMLES 2 — -

(2) HA » BONHERE A SOC BH#HIMEE - T 25 Hexis(ii L) ~ SOLIDpower(ifi1: ~ 7%
KA ~ #E8E) ~ CeresPower(F[E) ~ Bosch(fE) ~ AVL(FEEL ~ B5EY)  Sunfire(fEEDF - &
EFSHER > BRIFESEBA 2 SOFC WEsh » EIRN AR 2 RS & - HEREDY
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*https://energy.cconomictimes.indiatimes.com/news/renewable/south-korea-saudi-arabia-agree-to- jointly-develop-hydrogen-economy/88996235
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©)

(4)

©)

FTKHEL > DL SOE BA S xUaE R - B AR MEHERIEE - 528
R (Power to Gas, PtG) ~ BERREPNEN Power to Liquid, PtL) @ BEMEEF(Power to X,
PtX) o HRER B Bk R 7R IRy HmeR i - WONMERAZET - DIBUMN Rt - 188
S VRTER - FKATEA - TGRSR KB ) - SOREIMERT 2 RGN - 34
BLEPE » DI ARH TS G A R SFRBIOK -

¥ -1 Hexis | —{X/& i Galileo 1000 N 1 kW SOFC #8 %4% » BB SHIEEE 25 » TR
208 (micro-Combined Heat and Power, 1 CHP)Z4tHIMER BB FIR: » 3R B {E R 20K
TREETERT 2 (Viessmann)45 BR & (F o H RTBASEHY Loenardo » &/, 1.5 kW » &R
REE 40% » BEERER 95% » Brhnt: ~ RS » B AF] - EE] - mEigEH R
sepok s BETOANENVE $ 4 (micro-Combined Heat and Power, i CHP) 245y s -

HiEH Ceres Power HYAZ/ Lol EH FEEf Imperial College, London * 4 2001 F=4¢ Imperial
College 77 #(spin-of DEKIZ /A E] - HFTFHEE IS B ST ERIAREN - B EEE(570-610
‘O SOFC #E A% » EARIIREE - INEE - BIEIRMNES - I e E
BT - BARENRVEENE - TR EES RSB E RS
I T EAEGFLATAR SR G0k > 2 SARASERPEEE L 10 kW BB 24 A T « FHURFAHTHL
REIR TSN > Ceres Power BZAEEN AL PAEEIAYFSEIFE A E] Bosch ~ AVL & FERYZ#EE »
Bosch #HE1 % 2024 = EFEHEE 400 M € 74 SOFC £1ii s - 242 100 & SOFC &4 8E R E
245 s HAR = HEEE Miura)H 2016 F2H[JEL Ceres Power &1F » 2020 £ 3 B EAR AL
Ceres Power Y& 1ERE{% » BRI HIEFTEL Cere Power & {FHhfE HAHRY « CHP 15 » A
FelEE A FC-5b » i FERTHIY R IR A A AEEIE(0.75Nm/h) - ZEE = 4.2 kW > ZEl
3.4 kW » SRR 50% » FERERER 90% - 2018 4E 5 H 16 H » thEl4LeE B EHYE 4
T - DI LR 20% ¢ B Ceres Power X ILEE /AT » 1F SOFC 4EIERH 4
&E  BRTEHRERTEE 30 kW EB RIS - MK Zm#E e 2 A 1F < 2020 4F 10
A 5B} L(Doosan)EE B T HYFARIEE M ERFTEL Ceres Power %% N Er{Elhak @ HEIEE
50 MW SOFC ¥ARIEE e B2 TR > HATSCERSE 10 kW 241 > THE S FH#E TR fn
{EAYERETT o BEAN > Ceres Power A5 6 H 28 H - B HZEETERRE(Shell) F5T2A
SOEC TR ELENETER s - THE A A A NS RS v FS(Karnataka) Y E I HEAN
S f (Bangalore) > & AR R 1 MW » FEERY 2023 FF52R0% SOBC rREiEREE 2471 -

FARANBFIEEI B RSB ~ e ~ KA IR Eurocoating-Turbocoating 58
» ZHRIA SOFC £l BAREARHYAK G » 72 2006 F-R1L SOFCpower /A ] » HiE[H
JEIA SOFC #flr Fs R ERT > %A FEI 2007 447 - Se 20 EPFL 74 2000 44938
2k HTCeramix ¥ARFEE /A 5] BERITA 2008 4-1E 3% AFI#E 72 FE T B 25 (Mezzolombardo)
EBESCE TR N R EEMETT - S R RHERS R4 2014 4 > FLaEs

=r



(©6)

THHAREER R SRR > A EIHETT A EE ¥ - 44 % SOLIDpower © 2015 BN CFCL 24
HEEHE ~ WIS - SOLIDpower - - B CFCL fE{ERINYE 7 SR FHREE
HIFEEG A B > #E A FINESIEFAES CRCL BPA AINRITRER » Vs pl 2 T 3
E R - FERRAI SRR > R CFCL A S A EE] Heinsberg Y BlueGEN EE4RE
B A6 2016 FERIHR LA S EBON A5 F s - #5 daEEng ARESS - BB E & 35T
FEER - BEBEVINGE oSS o B AHETA Shell ~ BSE] AR A B il
(Microsoft) ~ 5B TFEA1EE T HEE i (Bosch) 45587 - 7Y 2020 & > N&EAFMEE A
(Pergine) B B H B LA FERUERL - B HTIAERE 60 4HEMHE - K HATEUNITE
B ANHYEE e AR FE ALY > RAUBEERSEAH - Wi n] N EE AR A | AR B (S K
REPEELRRE S (A5 U Equinix ~ Vertiv » &{FE&E R ((Edge Data Center, EDC) Z i#5%
EfF - Bl 5G BV~ S iusss - SEEFHENS » SRERERIRHETY
RS 2 — > 4k % SOE A7 » Fyiy (R EE JTREFERV R RERL (40 kWhikg) » 1£ 2030 4FH »
TEGEE2E 100 GW > RS HVAEERT K » THMG DUFRRSR 7% 2 F 1500 - SOLIDpower 22
HFEo » HER4E1E Gas to Power ~ Power to Gas & Power to Power 55 fr_F kS #E » &
1EHBARVEA SRRl - FR AL B - EAEHE ARB ORI TTE - ERET
(Engineering) ~ $RB&(Procurement) 5 i T (Construction)Z 3 & =) (EPC) » Ayt 48k & 7F B
HEREBE L — -

ARk > 2 Sunfire AF]RFEHRA G EH  Status of Stack & System Development at
Sunfire | » RECARHFE 5 B3 Shell 22 5] Dr.-ing Srikanth Santhanam f&#; " Hydrogen’s Role
in Shell’s Journey to Net-zero ; ° Dr.-ing Santhanam Z577< » BEZR Shell A EESHE 6 H
IR S A R N B R R RN (e E B RS 2R - HRESERFERHE
HYS5FEHEES - 1R EHETEET - Shell K HAITSE By Bl &tk & KB Uim Y HE S IR 2
Tl BRI E » 18 2050 AR Ry B hkHEIVRE IR ERS © Shell A EFHEEEA -
FRFARIKREER 4 £ ZAVREIRERS - SRR RAVR BRI RE ~ BETR 7 H Z
M~ REKGERERS AR SRR RGHVINE © [ EMRAVACHEE R ~ TR
FH o~ SR - RAGERREEESY - BREADE - B - (B TELES - WEENWASRER
& DIFEH T - S iz o Fs s Shell AEIEA 7853 IVEE I i E REE HIES )
RESEAENS - HEAQRMA NIEIERH R ENERE () BEA S BN Z25E
(IDFFEFITHARE » (EARHESRNWEBERSE © (Wt Em T im0 2
LR RAVEES (VA ETERAENVART - FRSRFEERE © (iDL BUFERF T4
FraEHEN RIFRBAER (% - EREOBRYERE [ > M35 2R e R K HkE » H— AR
A BHPEEM S » BES(Blue Hydrogen) K4k &(Green Hydrogen) {5~ B AT F 77 » 7%
FEHTE S LEEERBE DA PR RS - BUN R T (LI RBhHE I 5 B SR DS B
&~ ERME . SPELLRTHRAT - SRR WA E S TR O R EM i » H
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()

Tt Bl B R K m SR R S - = L > A TERR SR 1T S RE TR oK > &R
A A RE B I M I - R FE IR FE [EIP e & F e R s X D S5 2 i K 1%
& SECRHVAIE RS - NMEWD R ATLEFT Z A AR E2E - Fo g i R I, ~
R BIFE e TR LD o $2 1L > Shell fE5RES FEEE H B Rt @A 11 & AS
HETESHREERAYE  BEENSRATEMRES - BEEFR Kinftfa i Li&E
HERE K BUddss 5 bR T HRRAREHVAE RSN - ERlnfEm - WHRHER AR SR
Rl 2 a5 DUINZRREIREEAY 2 ek S S i - TEM0E b PR In K G ER R EE S
E > BHESSE 8L S 40 fi# 1 75 ZE (end-to-end solutions) » BT Kz 3754 B EE DS K BUR
HISZHRF - AEINE I SEER K LMEET SRR » R RERAEEER B&R (T
TEMHRRTESE | - WA EHREAENEERM - HUSERAMEL - DIFRSRERE K E -
ZHRFAEON ~ IEE R ENATTE IS 2, > Shell FEIREL X EINAVEELEE R EE » B
TLE B RS K B - 2020 4F 9 H Shell BAGRZ LIEIERAC EEBGE - (4 R
IR AR RER - #E7T 20 MW BEfRZE S itiHV R E - 4548 13 {8 H AVl T s st e -
7> 2022 F)FRLGHEE - SEILPARIEA TR 2 SR - REREIRFERCRE 50~100
MW - fEEILS ~ KIRESFTFRI TSR - e AR# RS EAHRE - ZF(Khx
Fehig cp AR - #5 FHE R EATE B > Shell £ RefHyne HIEZTL 10 MW Y PEM
BEfRIEE > DUZD BV ARSI MR (Shell Rhineland Refinery) Fi{s FV IR G CIH E K
PRAREHEENSR) - BANAREELGE [TM SRR A S S ERYRTREME » R
RE] 100 MW © Shell E2faREAE IR/ H] Eneco 4R A &M B Crosswind BHEE/AE] » FIIH
A Kust BUGEEES R 759 MW)FREERYFFAREIR » THETIY 2023 AR R 26 — RIE
F5#1 (Rotterdam ) 555 » ZE 200 MW HVEERES; - THETS H wlHeft 50,000~60,000 kg HY
SR, USRS IR B AT (8 FHAY DR, » AR AR AT R P AR R - 72 2021 4F 1 H 21
H > Shell - HA === T £H (Mitsubishi Heavy Industries, MHI) ¥ # Vattenfall &8 /%
H] B B T B 5] Wirme Hamburg VU 5 % 5T &fEE W FH > H &I FIHER
Hamburg-Moorburg &z (FF 4 BB K5 RE S JEEE) ZE A2 HYEE T > R {2 & (Hamburg)
AEE 100 MW HY SR Sakliti - THEHEFEESE 11,500 W - AR DR — S bhREER
& 92,000 Mf - FZE%HETEET 2025 FErEHE - Hamburg Green Hydrogen Hub HYZRH#[E © 352
EZE - - HiE— o AR RS S T Gasubie, Groningen Seaports, {E[E RWE &8 J7 K
RIARALNHE] ~ HFEk Equinor BIZEHA ] fe A7k Shell » BSEISEETY 2020 FEAMKIL
NortH: 512 » FIFEEFEEEENFAEREIR - 72 2030 4225 3-4 GW » 2040 4£ 10 GW
PAE > &R@AE 2040 FHVFEEEE | BEW - FFROHIPRE 8~10 H &N -

2010 FERERHREIRIAEl K 8T T2 58 Neste and SMS Group H&EH » HAMERRR 1L
Sunfire 2\ &) FUEGHEEDERY SOFC w5 5 FH iy STAXERA GMBH /A &](2003 4F Bayer
FEEE Y HC-Starck K5 A Webasto AG £2E DL 50/50 BEy& & RN » MU hE
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®)

% SOFC/SOEC BYRZ OV IATIREH « DAL Ryl - A E]G PR R 35 ik S B AE 25 ) 4
RTTEZEE » AAETIEmEEE SRR NAVAETRFEEE o Sunfire AT REONMTE D
—FatEs EHE R A 25 kKW BLEAY SOFC/SOEC 4% ;5 A\ EIFY 2012 4 » #EH SOEC
BB - WD B A EETEREMN &0 ¢ 2014 FAEEE ZHATEE(Dresden)
[ REER AR R Power to Liquid, PIL)M/REI RS » 7K R ALk &R R AR
W JIAEE S ~ Al H (naphtha) K IECHSE < 2016 4F > {EEEE FCH-JU BBITEZE T » 81
TR (B R Salzgitter Flachstahl GmbH & 1EREIL GrinHy 5155 » H b & B EUA I HE
i35 —HAEEE Kopernikus program “Power-to-X” HY BE&HET - BEEE—HiztE 2 IEF]
BT > BBHA “Power-to-X”  MultiPLHY FtEE72 2020 FERRLGHETT » STFE S AR
BFFERRE CEA ~ 2 BR TRE R A fia ] ELBEE AR 2 HYFrRoK FEL (Paul Wurth) /2 5]~ JAE] ENGIE
REIREEE - BHECRIE BRIREETRAVE E W ET4S B & F - 2020 £ 6 A » Sunfire B3%1-
Climeworks 2\ &) (B2 0 = RAaF4S) » Paul Wurth SA (SMS group) and Valinor A
H > GFRESRE -ETFEEERPL) - FEFAEERE - 2 SOEC EA1E
FEAVREREHARCE » AR IRV EGLE » R TERPWIZEER » EEBUN &
1 SRR E R FEER BE 2050 AFARBRAE & IIENY - S B AERE TR SRS G RE LR TR
FCIHHRESE ~ — o 1F GrinHy 21 - B A HEERE Kk TERE EASGE AR LIE
FH 22 ol je T2E R - 2 FIMEhR BRI s » 275 181/\ » 2018 4F » Sunfire $AEEMA
WS ZEAARE » AR EE B F) RS 5 (Neubrandenburg) i 28 FHTUENEE K 2 it 4
BII&4 - 2021 4 1 H - Sunfire RPafEEEZERE - OF M 1 6 14 2 % (alkaline
electrolyzers )IHT AH] » IHT By BRimtt s AEN /8 - BA 70 LA LR - SBEME
& 240 MW © 411jtt Sunfire [FIHFF 7 TR BE AR K =580y SOEC BBAR T - TR AENY
] AR ARSI SRR L A AR T - 2022 4F 1 H > Sunfire fFf%
LA FEBIZE MR (Solingen) MTV NT GmbH =E#¥ > H A 2B RIDIREHE &I E
o DAECEOHE THT RPrfRaVBCAFERERR K « HE4h » Sunfire FrEEAHTCE - 1€
Lightrock and Planet First Partners, Carbon Direct Capital Management, HydrogenOne Capital,
Copenhagen Infrastructure Partners (CIP) and Blue Earth Capital ZF » %2 2022 & » ELIEE
ki 210 M USS - H#LE - #EHeERCAF - &% - £5  UPHREE Cate)E
B -

2012 551 VNT L&A E] ~ Wartsild A F] R ERIEE - & &KL Convion 24H] @ &
FETNRH N 22488 BFERARCTRE Wirtsild PRI E] « B AR HEE AR
JEH S0 kW SE LA RS - ANFHA TG A Kim Astrom 528 Convion
H AIBHEHY CO0 47 » AIHk SOFC Kz SOEC ST « HLIRAR ~ AHA NGRS
PREE > mIEEA: 60 KW HYERTT > 35 DUKZE R R DR Ryl A(C250e) » Hll Ky 250 kW HYZE##
& AEAEGR RN N E - H AirE AR Elcogen BB TTARLAE
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©)

TRELEEES AL EAT 5 B R P EUREEETT - Kim o » &2 2 Convion BAH
JTHTR2EZE A - EEVEIRRERE T3 SeRk CO0 S8R 2 &l R I I 22565 KM
s RUBETF & THIA 2022 4 4 H > Convion BAEF /D 85 AR i A2 B R EHY 8% Biometaan OU
ANEIEER A ERR  Convion Rz C60 #888 Z47 > L Biometaan OU FHEEZEFEEY)4
FEMVAE FRGE R ok} » HETT AR B RS 2 B0EE S A YRR ER O 28 B8 2400 2 B s AlE - Kim
WFRR » A EIFEEET ~ BUERY C50 EAE » KB RIANEE KEIE » C60 ZH 4%
SHEBOIE R LR R EE T - #20F B AL SR M - FLRTESEE T S Sl A SE D 67%HY
ThRedH: - 2FE L - /AR ~ REA | dHECHEs - fZEMNEKR ~ B Rl
THIEZEME - 2R GREE - REME - ZoTibRl 28 - REEAIZ et - HA5EE
RS o Al A SR REERE R A - 15 60 kW-AC B JEHER T » BRER 60%@LHV) L
B Bt 27 kWHTCIDREE 40 °C) - FERGRER 85%(LHV) 5 {# ] Elcogen E-3000 257
HE > 2% 20,000 hr A5 > FEIER 0.4~0.6%/kh « {EFEREEEE > Convion A& A EEERYAE A
BUPE C250 SOE B 24 » DURREAFCE W S5y < EFHREER - THEHE 2023 452
Fi C250 HYSC B RS 2147 - #5 HH 240 2 RS #E R B > Convion 7EBRHE FCH HYREZE T -
fEfiRS: Bl 28515 > 41 DEMOSOFC ~ INNOSOFC ~ LEMENE ~ NESTE 51&3%5% > HlER
HHAHBA R B TR YIEAE > 40:IKTS ~ Elcogen ~ Sunfire » 1F go M Hr & BlERE 255 T & Ef
Sk o B e g T ER A AR E AT T AL B 2 B 2% K & - Convion MR EIRF 2R 48R E
MW &R 24 » DR AR SR S %

VA By E TR FIRLRE S EeE s B %2 T AB R T-RE RS AR )R ZE B & (Commissariat
a I'énergie atomique et aux énergies alternatives, CEA)FAf/& Liten FFZE L - R E 2B (KR
H RS (CRERETERR MAEREE A A - TR AT B S RE R A
G W > TEERE: KB - BEEE - _REMNEENERLIER - ZEN
Tl B & S K it — I £E CEA-Liten A BHE 888 BR AR flg A 72 2015
6 HHZMZE 07 Bl (spin-of ) 2K » BIL Sylfen /A ] > F7487# A CEA-Liten Fif 28
HIFE il B 2R > B Y RERE VR 0 (Smart Energy Hub) » $RAEEki7BhEEZ bt SETRATHE
&~ (FH—Ee BN B BRI TR - 2021 4 3 H o AR EbR sk o #
F CEA BfZ$HY 40 THEF )2 15 LA _EAYWTEE88ES - CEA 5T ~ SR HARTS A ]
Schlumberger ~ R EEESRELESE ARIS ~ VINCI ~ VICAT % 5 FAERSMEE . &&
F1Z GENVIA AIf&EAE] - HAIKELY 60 % $1¥ T ERIRIVE-R - f2Hf i E

%0580 SOE Fris V& e ~ B TT ~ Bt - 240 R BUESE - TRt B MEyRTmT
FEEE o ARHRIHIFAE] - (A& EhEA AT R (Grenoble)y CEA-Liten {5 fhH& Ly » BT
e K B G IS A IE B BB E RS HE (Béziers) B4 4 0 248 AR HH A 72 52 fiL 55 (Clamart) HY
Schlumberger &35 @ sTEHEEER T T4 G T =0HENT - HRETIEAETT 4 SHEMHERYSEERE
FRAIE, > W FIRER IR T - FEITE 2024 F5ERER 200 ke EREA AN R E SRS
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HE > THETE 2026 FEEE GW 4R SOE EffRL - BIIFAERRET L o Fefteram e
FUER o fEAEFHE T > Sylfen A2FEEFTEE Marc Potron f5H > {EEREE EELAHRIR it
FirE FHHYRETRUBFEEIME 40% » —S(bIRMIBEREL S 36% » NIt EREZ &L EH
A REIR B E AV SR AE & - BT AR R SR TR A — AR 5 TEfthATsIER
HIZEBIH - FEREREREREE L - BEA KGR - (RFERERSE A @ SOFC #&E A4
4 > THE{TERAE MENHERTARERETE ¢ b 4 4H7% 10 kW BV EEME o HIEEME 40 kW BV
& » £ SOEC/SOFC st T i » DIRIRBE EVEARRIR » TR 2024
A FrBUYERY SOEC AT ML 400 kW AYFEEZZ [ - PE N AERE IR - L AVERE 22 R -

DA FEmhER DEEA P B 28 (I8 2245 A SOE &€ BIR MFEaR B » Hth#l AVL ~ Topsoe
IKTS ~ Julich ~ CEA ~ EPFL ~ PSI ~ DTU &% > S HHEE ~ B> ~——mik -

0. AfdErsk - ZE$5 5 (McKinsey & Company) Dr. Sebastian Mayer 5t 2030 G EEAYH&E (The
2030 Hydrogen Opportunity)#E{T B2 78 ARTEEAT o fciE McKinsey HY53H7 > #Z 2021 4
JEERT » &8 93 (EEZZ ERGFZHT H AT » 39 (@ BRELERESRES - THAL 2 2050 EEE BRBRHY
BERE ] ZE 80 GT(Giga-tons) @ GAEIESREIRE(E i > EEFHVRIRE > 5525 E -+ - 2050
FRY > GEERTERIIYENRE 7 GT » 4945 2050 JiR =75 KT 20% - HIENZ FE R E =R
3K B 660 MT(million metric tons, H & 0#) » MHER2EREERT KN 2% > 2FE+— 5
TR ERETE S REIRFE AR 2 2050 £ 2 7K E - DIHATSE RV EEY 90 MT » SR HY
ToREA T8 B EFRKE - M1 > 2RSSR RWIEIARE - R ARG
2 RERETE 5 fikiE 2021 4£JE McKinsey RHATEUR » f£3R7A 160 billion USSHYFEEE = H >
[EHLY 13%HY5 T 1B 1A & A E (Final investment decision, FID) » EERHITIER I EIFT
PERASE - Hilm LAZE%ET(Front-end engineering and design, FEED)FEEY » BE FAFARIFRES -
P& E] - McKinsey 24l > 2 2030 4F > [EESRAEE ~ RSO B B M SR > A
A EFEE ST HIEE 300 ~ 200 ~ 200 billion US$ - 7RE[IEEZE 700 billion US$HIHLE - HRERE
F1 2030 FEAY A5 28 FH K2 kb AR - PRI A KB & 1Y 160 billion US$ {7575 540 billion US$
HEEGRO - FEE M AERE RN K E SROlniVFF s # - 4ha B E(with CCS)HYER
fERAR > 2 2050 F&Y 1~1.5 US$/kg 3 IRAHIBAFE(E » EHNAEEIR R - PR AR
IR - &2 2050 449 3~4 USS$/kg » TRfEERCAR M EERZF & © McKinsey FEfE - A [EH
REHLEARAVAE & - 7€ 2020 2 2050 HyE{LE - 2FE+ = RIANE @ &SR AER
HERERY T ] - BB E S5y » e /B A (Alkaline Water Electrolysis, AWE) EL B% S &%
floHIESS » RIRFEEESHI T T HEEZ Rlr oV &G i KRR - &0 T B
(Polymer Electrolyte Membrane, PEM)EEf# » J[&ER&E (L& AM(Solide Oxide Electrolysis Cell,
SOEC)EfRFE R, > A RA L » M - 5 = 2 FE RATEE 230~500 USS/AW -
Hrf o SOEC #fEEEnm [ > A=A RER xR = - e Kk & bhx - 4R
TAERER - RACEAR - (B FER AR eEVERGS - BIESFETHIREIRR - — 5
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& 7B SRR - (HSRERIBCRIER - TRAEVEFERYE g FoPREX © Dr. Sebastian
Mayer fr &5 - ESAERIRBATERIET - Riails 5 THkER > (1) B &R ERHEE
NERE - HATasE Kiirsdests - RS NEF ISR - Bl S REr AR EEM
HAREANT - 3R 2488 » K B SR AT - WHBHEIFRHI A EE RN R S - B
JE\f 73 98 e (5 FSPECHRH] > IR - QR ERSEREESRBEIERE - (NIEMISEAVEIRIRA > 40
AR Ht & R  nSEIVE o B RV Ks ik - BRI TG R R & 2=
QVERBIBRH R - SAK R i RE R R e - BRARYER - e e 2 - A
IR R % - — DT KIZRIRRS > So— TR AN B - — 2R —RZ M A
R SE BEEN A S A HEE > MHE R MU R (R R &2 T RAVERE | BRI -
EE—HHFTTREY QBRI > A GHE I — SR E B - (H 2 RAURERE
J& o FEITERTEE o (ORBRAEERFIRGET R - 5% L BARRA
SRELR Bl ESR  NEREZFR S LSV 2V R A SRR IR R - BRERIR A A
ABZRANCER HRRET RS E GRS - BRI ~ FIFEEES - BT aA L 2R
7~ B EDES - SO Ol ke 7R K lm E BEAE L R R T BR0E ~ i lE - (5)
HTEAZIETERIER > HATE{T Ay RE G - £ H A B AR R i 1T SR I R
Kty > BECRIE LA EE Z ARG T - 5% T ey n] SERE L HREREDR - & LHATR
TE S ST A AR IR - Ze B R IRIE AN BV RN RN S A KB R
bz 3 AEELRAUETERY R EERES - R IR BRI LA E Sy -
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=~

(—) BREERRI M ERIE Y 1994 FFEFAMRERNE  FHE 25T 28 4F » AFEE(2022) 35 1 Afm mnm Y
PRI ERIE - 2020 49 » COVID-19 ¥tz iFimEss - NSl - 56T DY Esmie 5 oR
a0 T - 2021 4 7 B 1 HECEEZEH " BEEE B it R 580H > DARG{LEX
SRRk BB ASRIRE 2 BB TS - M2 2022 fEW) 0 ST ENEBITREEEE N - I EAES
FERATEERZE - SmiEEMEAL - BeBI& A L20  RamEEE E o SRR
FEERZE  BHRAEBEEESI SHEH2ERE (fully reimbursement) » RESIIA S » 28
BT BRERSIIEE 450 Ah > BFE 15 LRGS0  SmtEr R (E L3RR
TEAARERENR - —J5H > EFCF REFEITAVEE » B S RAmEEE » EREARE K
FIRIBEON » BIRFEREUE B FEAVSE MEAETE - T o] BB KRR it 2 275 - RERE R
AMEECHREZENEE » NERESHERSH  WRESFEEREHEAVATR » FFHGEE
ik FZAEBIER SR SONRIHEI TSR R SO B, - AT R RT3 IR ~ 3 SRR
ELSH .

() H 2020 F41eBkEZE COVID- 198 mthfi R &E1s @ 25 MM F - N sE = = iE
BAERBE(Basic reproductive number, Ro) > H AFEEFRFERIEAREE - BHEREGERIT IS
F o GITARSRPIRIEG T R EE - WIS B D PREGE S IERE - B T SRS i 0 DA
EIREIVEE » HINEBRIE - S BCA EIGEREACHEES - W% S5—TH - &=
BRI ERR - ¢ 5 RAERSECRE - ZBREL - BRE - BERE - & (RNA)) -
ORI EENEE > IEAE] 1 FERFREN - BIBHE B ARG R E RS 3 =T
R\  ESEERE - BERR > WRLEEINZ 2RI SEIBUFESE
DAZ = F T (Emergency Use Authorization, EUA)REH] - IzEf% AR R ] - DAERE RS
MR - BB Y E 2003 4 - bR B E S PGB E (R (Severe Acute Respiratory
Syndrome, SARS ) HYEHEE » FTEm B S H @ IRIAHYRF SARS S HT I AE S [5HfATEE » 7HER
JHTH  #5HH SARS WEIBHYESE - B T s EIYRRER JTE - TR A T
o B SEIL I COVID-19 555 - IR GBS A GHAOBERE - B 1 HR[EH[E
ATERIHVEE - SREENE TR AN UIE B &8 SHIEhRE rTRERERT A - R HifR
SR - @EIEEE Y] - WRERE R ERE B e nTEE A - 5 HmE
SARS fif RTERVEES B RE #2071l 3= B A4S T R LHVESS » BURNERAL— £51893E
Y1/ AFEHE (Non-pharmaceutical interventions, NPI) » &1-&:[HEIREE ~ EF[REE ~ [1E -
HEFFAEACEERE ~ BAEEE ~ IBEOHE - EADEE - B EEFEEHE  RERTES - ILats
AR > KBRS A RERBRL (Effective reproductive number, Rt) » 474& Al
BERZEANEE R E - EI—R 2T - GEARIINREEE S - B EIFER
SR S — - DR AR EBOR LR - S RERA R
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SR SSEEINT T~ RERRWERERES > HREER - B RF ISR - [l
AR FS B (P ETR B ES, - SRR RS » i T3S e (7 2022 £ 6 H T »
BT R BB R A TR HIEE R 91% K 83%) - & VB EARRH(E ¥ A
i, PSR ATER =PEE - DUV EESRT S » fEILFSES - B EREL - B
T NS B RS  (HEE8E AR RIS H LEAE 99.5% 2L I » IIEIESE L& » 2Bk
B BN RS — -

LRI RS - SRR - FRITER AR - B—J5H > 2ERHEE > %
SRR E AR N JE R B R i S I S8 - L R S A AR AR
TR — FERHEREVEAREFE A BBk IR EN AL - E4E
AR I ETA AR - NJEEHER b B A —18 » B B BRIV T -
18 4 TEEHEaG PR » B ~ TE - SPKPHRIBIE T I S AR - S
YIRS R I > APTBRIAHEREIR . AR Rk B WS BRI
REAFSES » TR EREL - HEMBK LIVESER - NEFI 3 - Bk - BRIk - 95
BEHLER - EAYREREA VAT ZEM - EEWIREAORGE - IR R - T EYIRTEREH
HAFNESZHEE T RO > HaEF BHbER_EIRAFIYRE nT RE N4 dy 2 M0 AR - 4
—fE(F - B > LEEME - NESBNRHER E EREEEENLORE > B
Bl K ERHERCEERE » RSB 2 2 - SRR L 2BROKIEER
A7 > BGTFZ(Thermal Pollution) VAR B HEL - £ EH TS HEFRGESIAIBRIRIRNT L
> FEEARREREN - NIt > SRESBRE RN ERS G - fi5E - BRI ETR
RHEOURERY - HAREEEREE M E AT R R ARG T > RBSHERLECIE - BRB R > DAL
IR OKERE > BE N ABWKENER  BEREASNFHELAT  SHEEHEN
ERRENEER S T ERRNRE!

2. EIRATEEAT > REREEES s S S EE I EVARETE R > AT & E COVID-19
P I IEE 38 A R BN S ] > (B8 AV Sa T I5AE (Statistical Pattern)fH LS & - £
TERHIIERF AR [ - AIHEEN AR o SEHTIT - 2 RO B L A
RIBRERME © 37 DIBEBHILT B > DIBEREN 8 » SOR(ERE UG AR {T © PEI758
FHERS > S EABHER - £ 2020 FYEBIRE Y > SERREEEEHE &5
ATRE VR E T » (HAEEUNEMRINY NPL #lE0% - EESRIBEnEs B85
APBIEEE =Ptz » CUR DAELp s LA A RIS = Yk B A R VPR > T9s 2022
47 AHBREEERE - FETE 0 G RIEIEIREIIEE LR T WAEE > 1L
SERENR BRI AT ER - BEEERS o WX & B R E (Polymerase
Chain Reaction, PCR)#735 KR » CUREVUREZEY T EER - [t EERER - AR EE
BOEE - HEERIVREEALE RIVRE « S5— 5 > (ERE B > aIet i
SRt FITER A 25 TE B A N T T i LR R (R R (R RS A s T S A B (R (iR R PR A
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JEARTUEIPREEMN S o BLABREFTEREUN — £.51 NPL #8E > Hooh 22 At
o] R 28U BHIIRET (Parametric evaluation) » BIAT: Y& ETHEFT & 2 ARBOHIR Ry 24
(G2 v i+ T 4H G B8 Ry el M E S i 78 R 0 T » NPL IS i H 2 8 LI YR o5
Eb Ay fa) 2540 B Y BB HFE /N R R E RN E 2 — R (S ARAVEEEYEH) - s(rE
Wrie &I NPL #87it » 205240 - Ol IEE 40 -

3. & 2020 I ethli R B AR S » BUMBREREL—Z:.5118Y NP1 SIS » M SR EE B ss
Bl s e 2 2020 4F 5 H » 5l i AR P EUE N B FRoT - EIES- S5 B 2% 5 AE i 5¢ e( National
Institutes of Health, NIH ) HUFHE > fEELRIEE4H S-2P WidEH - S{ER SR A R IZ & i
J 22021 5 5 A& SimE AR R 2 B S i) WL T s B I RE(EUA) »
DRI FE & FF RN FEF VN © B R s AT MR e s = 1atEs - RIE RS EUA » BA
BINFFR e ~ O RERER R BAYEE - HAERGE - RAORE » AiEmik - 28
= 0 12 2021 4F 5 ABEIAEBREA 2 FE - BlFE EEA @ 3 BB IE H (AAZ
BNT ~ E{EWNH)E A BEIERA - e HZ 2T BEREHE Z VRPN
ZHNE > BZ BARY RGP TR = - P RRRT - fET EAR SRV
HR » NEEIRER 2 UG R itidT » 5 R B ps R ABR RS B A [E1F 2 B BE R L R - P SR
32 0 ANIIFERATESE FAVERFS - Maman(] - EEREE FHVE R0 - MEIREmHIZ 2K
AR TR B FERE 2022 4F 6 H - 74k 4H &% (World Health Organization, WHO )
PkisEElm COVID-19 ¥ Ry 2R i B 45 56 = His\Emny S TEFE R ME(E 2 - Sl WHO RiZH
IS T2 BT 5 LB R IR - 2022 47 H » AR REEE
BrefE = Osmar Manuel Cuenca $27 > =il t B R B B MR BB B R - ISR BAT -
Rz B —E5e s =B E BRHY COVID-19 &g - F(MEE R » B EFE—GFIVRHA A & > &/
—EEVECETR R - KRR RIS IR - BINZ AR - BRIt AAEE » 78
IR EFEEZ A T R - A ZERFHIAE -

(=) HIEEERBRAL - PR AR - BIIESEEC R EER o SEBRE E

Jek & BBk (Nationally Determined Contributions, NDC) » J#EEZ2 4740 5% E 2050 7F =K HEHY H

& - ERRE L E N BN - S AEREEBRES - 1RSI - LB EEEN

KIER K AR EE SRR - (TEIFERER - SETREA Rt & - miit =

R R B L ATEEANER T — -

1. TEERE S (The Royal Society) 5z 35 R P (National Academy of Science, NAS)H 2014
TR > HTERHRAERIEE S - DIt HUS I R EEE E TR ARG LHVET - ZE R
SBOVBIE M RN > SN H AT RIEEBIVE R A Rtk o SRS » Ei# % 40
o KIGHRS EHERAVESES SR8 E WIS I - 7ERF54Y 11 FRVIR E T - KIGREE
AV LEAELY 0.1% - TERGER R EFTHUSHIER R RUEHIRE RS 2 ISR = -
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BURIHLER T J7HY$77 J& (troposphere) i FERFEIE A » ¥R & _E U7 HYF 7 Je& (stratosphere) i
FERIE IR T2 BRI R = RRsNVRE 2 - hkRfg L EREARHUE 2
KRG HEERBIREE AT 7 il i i 78 o5 o HIEHE - Pl f T BB o A FEORIAS SR
FFF - A L kR L CO. A= RSB LR E RCE(EER - BARA
BRWES > AR EY VRS - BN BN~ Ry Eis © siEE
FURTHI A > FEBAR T - B ERISHIIE - AT LI R R RE R
T SRS A n] gEEE R T EMATIYKE - REZBEEANYHE - (k
B BN TROR IR > EEITRENT KR ~ R ~ BEME ~ KRR RSN B E R Y
R BETRIZEBIFE FOEE - B 1960 ST RIFE S EA - HiEf5R
Fragnat ~ Wi > SHEHERIMES - FUooRiE - B8R - KEREEREEL > BEHEE
IR HaHEEGER - O AEIEFTRE > REBEREARIEESE A -

. AR EETEEWorld Inequality Lab) A #5742 R T A &IKAII BTSN 95 S
Hitgs L EalitERKE - BRI EmA - DUEHH 24 EA 70 $2EEDIRIERE
B AR AR I e &M E Z B o BC A AR - (REE T
SR B T A IESS - 17 2022 £EH ARV HE FUR P 25 v > 19 51| 2 BRERA S (Global
carbon inequality)HYam Al « EARIE & BIAHERFTa Vs BUAHER - BUN T RAIEE(LEFTZE
E (Intergovernmental Panel on Climate Change, IPCC) » £%£ 1850-2019 fEf e ER & F HE IR
AEE —SUEIREENE > 2% E = 1850-2019 £EKIEIAE  HERE > SRR
BIRREI 1850-2020 RFEHY R LBl E - KAEMIORE FAMREE 1.5 °C k2 °C
BT Fr st S b E & - 2FE 11U - SFREZEETEE 10% - T8 40% K EfE
50%={E@ERT - EHE NS HRRE - 2 FE 7 - {KIB [PCC AYFHE - BRTREREE R
b TR RAMGR TS 1 'C(E 5 12.5 BFELIKEBWIIF) S22 amFA 1.5 °C 7Y EfR-
H 2021-2050 4 > S — NTEFT neriESgRER & 1.1 8 SR ER 2 °C
— NBHCEFVAESSHEE 3.4 W Tz miiEER T 0 EFr ndrivBEE RN HaleikE
NEHPEE 6.6 i - HE2SREIRFIHTT - FEMHE RAVERS - MM S - &R FIaE
ZAERS o« FINEUTR 0 1850-2019 EERFSIEFE 2 PR ERFEN & 5 2020 4F » 52 COVID-19
TEE R > 2BREERE 353 RN - KRR 2019 AYZKSE 5 2021 FFyEiEtss - FHREM R
2 500 fEmg - B -FPUEER 1850-2020 HY FEAE S bhkHERE fy 24500 {EME - 0.k 2021
A 500 (B - At 25000 (R0 o SEEPTHEREY &bk - EEERRF > Alle A8
FL[ERYE - HE o R EREZIRES LR E R R @ E A B e S T EE S
BN AR S E BRI A HE i e PR IE R & ~ Flam a2
GBF T EME T A ) » FERKIEEZBFE REE - BN eRiEs » 7%
ST - WK% F B H AN I ERER: - % - DLEADRFA 1.5°C 1y
PR B eEtey S bk E & 3000 (HE - DAeEK 2021 F S hRFERE /K - A HE
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6+ A B SRR 77T 2 2 SR - TP R LU - 1
HIERIEBAL T ZBADRTR - WIRIUHE RIS - TR R -

3. MERGEH T T TS YA o B b RESRE A 8RB (quasi-steady state)
WY FEHREE - BB RGN E BRIV EE Er8 g4y 1.73*10Y FL(W) » HEREH
1.49*10% £EH.() » HAP KRB HELHTEY 34%M K5t - DLk HATFTRR I PI4EE
J5i&) 160,000 TWh (576*10*° fEH) » &7&[&E 75 - 1800-2019 FEF2ERA FE 14K
REIR R R - FRESE R UNGEHIE 1.5 /NIFFTRtIVEE R - BIEN2Ek 1 FEFFRnw)
REETR o B L KIGREEIVEER  E R REYRIERIE oA RT
EPER > BORAEB R O(EREIR 5 KIGEIRET Ktk B » REEMEZE - R R0E
TRHVIRED > FERRERE RO FERECRZE ~ TR ~ MY - KIEERGEEE ~ BRsS - K - 2E0)
YRR IR B KIS » R/K 18 ERVIRIR - KIGREAAREIN T G E B8 - (T3¢
By ZHf 0 AR KBAEYEERFAVARR - SN AHIREAIE R B A TR
SBRBRIE 7 T R oK) R0 /K SR SR A R S 8 i S et - S BRIRTEER K 2 BROKTE
R/ NVAEE) > BEAR LRAERRTEN - R TR (LR BREEFN AR -
IIERRYRERAER - WHENE SR E R - KRB —S/ChORERE TS aRTHY 280
ppm ZAE 2 HAi#EE 415 ppm > HEWIRGER KM - BRALHPR -

At TEERE ) RIEL > HERAYRIEEE /O HIRORER (RO 2 iR - sthBRREE=
EHH KRBT EET BB S R UERE 0 ) - BB - #himiEs) - HEI =D
FEEEFELLE TR E AT - FRERIEIR 1 2 (IR EADK @SR s T HY
BRI S AR o AE NRECT A SR SRR IR T TR S NRAE Y K
LR » BIAATT 79 FEFRFMERRBUK LS5 %L (Volcanic Explosivity Index, VEI)
5 &(VEL 5 )t fig HInk: 1600 FEALE FLAAGAE RF @K LIRS (VEI6 &) 18 pl e BREE
FHFES RORET 1815 SEEIEEMADK UGS (VEL 7 &%) K U-FERAr AR SEEE MR
o PR TEEZE  HERERE > CTAUT - AN REEL - BEAR BRI
SEAEHPKUNE SR SR F s B MR SRR 2 - TPCC AUBTFERTR » 1228
ERESE > KIN@EEATRHAVR = RARPicE - R ARHRREY 1% - & "R K

TR RJEEARE > HANERERREATTTXEARRER -

B. DLBK B AIFTRRHIHIEREETREY 160,000 TWh (576*10%° SRH)fEfL - EEIE2A I )
HE - HABHIREIRRCR/ N 33% » Hik 67%(3.86 *10° FEEH LT ZLUBERTT =
Bt s R ERIFSRBEA Y TG 240 L S SLEINHY RV - s nTRE it BR R ER
Tt - RS SRR E R EIMRZE > B E 50— PHLIRAE © B ERE R Ot
TR EAT R 2 Al L EE KRR EEY 79.71 kealkkg) - 3.86 *10" FEELAVEABERIEL K FT
FTRE E AR Ry o] 2 LA EE A ENAE AR R - s BRUK) 1R T 14y 1622,7500 ~F-J5
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N E(1.62275%10°m’) > HIEAERTEE KB EEESY 0.7mm (3.86%10"/(1.62275%10"
¥1000(kg/m’)*79.71(kcal/kg)*4.18 *10°(J/kcal))] - AAFI/KER AR 20,526 EIL AR
(2.0526%10" m)ffl > ZAEE 3.86 *10" FEEAEHEE 56 AP TKESZEMNKEERE
7K [3.86%10%(2.0526%10%1000(kg/m’) *79.71(kcal/kg)*4.18*10°(J/ keal))]  HERAF K 5
RIS ErEIERE N » RSB AT 2/ DEE DL > (eI R (Pertubation Theory)
SRR ( Butterfly Effec) 1YTHIAI2KE » [EEHVEMEB R T RS GIRE - /K1
DU 0.7 mm 2R L - HEEREREERIaisEs - F8 L srkd)iE
IR E SR - HER SRR AR Bk R B E AR — - B ATdbE K E b A s
W5 HEUFREFR IR BB LR S S BR (2R ) SR = R
TR - 72 FELRRET - KREMIRA S ERA R EENEERE  TEAR T
SEENEE  SHEMCRERE 2RISR ErI&ER - NMEME LIUR=
RENEEREY - FEANEREENKL > R EASERBCKIGREAEEK -

TEFRAMEARN TR A Z [ JRERER N - MR SRR B3 KN rRE > Ry BRI
{ERVIEEIGER T - KIENRZERE - B ) E sk EEn S5 ER > =M
R B

4. RIBEIREETRAEE R 2B N FI Y RERRE R R S A AL & B R H e AR (L3

B G RENNERFE PR AR - fEEHM AR IRV S Eb(ERE ~ BAERETRE
FIETH) - HNEERFERIAMECRE - MR EEEEER - 20K -~ R
ZNRETL  VAERER IR ~ fE B HVRREME - et S RS RAR AR AL R ARAVESIS K
EEFBRFGEETE D » SEZEIRBCER - SR - R HEEE Gl HATees
RINRHG » WNHEE BRI BB S I RAZRERE IR E S « (RIBE R EHAET » S5
BRI AR e HY B AT - HEEDAERAREIRESR - FHETAE 2050 0 - FAEREIR(JERE SR 5
RV EEARFEE 80~90% » SURE K FFAEIARE By AV REIRERS - AR RRIARH S EL TR
8-22% - f A (o1l peak) HIRAE 2024-2027 7 [ » KA G ELEETE > 55 HA—E LBl -
RINRAVEILTE 2 A E N Z RS o BIE S B2 TR A FEEER B AR - 2Bk L)
AR - TRGER(BAE 2100 4871 1.7 °C - IRSEEESEE - BRAL - HAENE - —&/bhx
AIFPE B ET {7 (Carbon Capture, Utilization and Sequestration, CCUS)fY#EEED # Ik » DIFF &
SRFHPREIE 1.5 °C BRI L -

. RERCFERGHER > SEGGENREAREIR - FAEME - SRE AR RV ERIH
R Al A S BN EE R s E RGP IHY NDC kb B iR - (FERBEE -
FrEAE IR - SMEREM S - ERMVE(LEZ SRR E I ERPEEK W8 E
Rl R R PEIRSR AR RS - BRI REEIR ARSI T2 — - (BfEHER B - GRE
PEEMEHTR L — EEUIRGEE( GV BRPE B A £ A E AR (~96%)
PRI - S AR RE AT R Ry BE R A SR EEACIR R JA (o R AR Y
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BT > DRSS EBIRETRSCR - BB SR IEWPTE AR R EE
FARRAASE » EEIIN - AT BB feBor#inh » B RH eI e~ - 2
REGRAB S R T R - DASESIE) - DURPEE: - EEESITReE 70-80% > #&
FEURAEFEFEEL 13%0VEE R > BRYE ~ BRSNS RE" > FIEA LFEH& R
SENTRETRIEHR(50-60%) R BT EFR & - JREI S AN A NG 25 Fl > BERSHVRE TR
{849 20-30% ;> 5 FE R EREUAEE =X RETRRCRIBE T - B NOx R ZE R
BEHRREN TN - & B2 e P TR R RFEfE (Bnergy Penalty) » ZHEEE /D N A EEHY
REREAZET - IR R 2 FEF DARDEE B AT Bl © TE A MRIRIEIRE H A BRIRIEREREL
HIEIEA > SCEIL S BIHAE  EEENTTE e EASHINERE - FAFEERIR
AETTEER - EEIAVRECTELEYE - BAREN G S BRBBEs G AT THIE S -
. TERBREFOFIFEHLS ~ BiaEl IPCC SIS RIEIIITEE T JBEREER STt EE
FEEERGENEZLRT » 8%E NDC - Wi A ERERIREE MER - £+ Lttt
L] > R T A R R A R R HVE R - R BN SRR 5 ]
{ERMNENTRERIATT ~ B > B E AR BEETR E IR, 28514, 5
WE - 25 RERBNEBEREETR  CEERIRE  NEZ S 2 HRE R
ZHE RN SR @B NN S EURIBEATAERE R - B TRERES > [EEUIA
FARIRNB S IER - BA: - KIGEEF ARV EREN - 22t > BBREENHA
o KSR AR~ B E R E A1 — S AN e 2T > DFIRERZ S
R R N BB R E M R I o T S ARE - R FARFEERER
TR A RN SR LSS » EE AT S R R R R - B B A 4R
& BB DU P AR AR YR s ABEAR - [LN - JBMREE F 5 [ S0 RARR S - L
HEMNER - WA - 7% - BIEWE R R URL « AEBa RofEE B 5
EHENIRE > A EERENFE - FE L AFEZEAN/KEHE - BEOBRENK
SR NI ~ B TRE) - KRS - IR EFE T F(EE - DAIRKEIRIARUE
5 BRI R AR B R BEA AR BB AR e 50 - BB 38 22 m i BE AR - 0
17 e s EEMEREE (Not in my backyard, NIMBY)RYRE » FFERFELIEE -~ B
T TS DT E RO A RE S E R R AR N [EE o R Tt e
AR - BRI IR R - L2 ROETBUSER - — BB KR EF B RS
HURERIELZR ST » AR iR A & TRES LB EENE - 5 > RIEZBE
FREE I RE R > TECEETE DB R B KRR ERRE )
M DR BURFTRE » B oREBERR IEH NN E - BRI RENGEREE BT ER A
BT DIH BRI A OISR - T RIS E DEEEE B ekl
HfviEEEs - EEFRBRAE A EERME 2 AVIES  HARIIORIER - B8 R[5
F 2 ERAE B - HNB S ANIFM B AR RR » TEEMI “RERET
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A" (Not in my term, NIMT)# 4 Byfat - (@RI LU BAIERT & - el NIMT 57
i B RILERE - BB BEAALERIVKE - HEEN REZE (Public
Acceptance, PA)AVf@ES » 47f# NIMBY HHASEEIE > HHN RS Ry 7R EIVEE ~ AIE
PR R BR SRR s R R A T RE R B & ~ SRR ~ BEE RO R
TR T-EF - PR ERVARRY - REHE - (AR S B AE - B MeA
PERRAEZR > (FHE Y INEF - 24 H A NEDO 1TEUAE NSRS TH e R 2 R lnsr G
BH&E [ BB [E 22 B2 FE(National Academies of Sciences, Engineering, and Medicine, NASEM)
HYZETERES - FHESGISVITBUA NSRS - DIUNT - BB R EENEmas - RyBIR AR
TR - 4ERFECRAVESEN: M PR  (FBE - M ARV ASE I BIIAE
71 WAANXER AT ERE > DI - 118 2 R Aok ERE -

. SEFIRAEIRYEE K S BRI F RS KT B AR & iR B R
AR AT RESE IR > INS4E 3 A 30 H > B " 6788 2050 R EHEBES R BORIE | FEHES
TR ~ BERUTRHE K 0 AEERE Y - (F 2030 SRR EISRS 9000 BT /AKETE > Bam
SRR AR - B AEAE - (IR B EIREANT - ife eREaK - EREEHIL - BIRE
B AR DRSBTS - Bt 2 2050 SFEHEGRE > 2 RE 1 o HPE
18RS » 2050 FFFAEREIR L 60-70% » REE 9-12% » X JJ+CCUS 20-27% - Hh& KT I&
5 1% AR 2019~2020 Kz 2021 4257 3 FEAVBERHHAEE"  FREE 5 51 B 0.509, 0.502
J2.0.509 kg-CO>" (Carbon dioxide equivalent) {TEERECE 2020 K 2021 7 H 5371 £ 0.492
F2 0482 kg-CO;" > ¥IARFEAZ » P S MR ) > M8 > 1% bR Et% bR
% BETRF SRR E N & BERHHABUEIAN YA LI H0U s - (RIBRER E st &kt
SRFL - FEERRAE S ERBEREEIE - 350 2005 FAVREENE RAEE - fF8
%15 5 RN S IR o A B R AR PERE . > H RTFTECEN
2050 JFEHE EAE - B S EATPkEM: - A L BAEERCKGEE - B IEERE
&> 2EREHMAR oI FIANERSIER S  (ERERE - SR =T
NRBBERE ISR % - AEIDEREEEE - FKEREYE - FEhtieE D
WS 2 N2 > THED 2026~2035 FEEFEELE EER 1.56W 0 2050 £ HitE
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14.

15.

15" European SOFC and SOE Forum, Proceedings of the Conference, Lucerne Switzerland 5-8
July, 2022

Hrdrogen for Net-Zero-A critical cost-competitive energy vector, McKinsey & Company,
Hydrogen Council, Nov., 2021

BREA > COVID-19 A7 THLR 12 X g5 - RZ et Fe FiasZ s - 8 H 3 | » 2022
Lessons learned in health professions education during the COVID-19 pandemic, partl& Z2:
Proceedings of a workshop, National Academies of Sciences, Engineering, and Medicine, The
National Academies Press, Washington, DC, 2022

Toward a Post-Pandemic World: Lessons from COVID-19 for Now and the Future: Proceedings of
a Workshop, National Academies of Sciences, Engineering, and Medicine, The National
Academies Press, Washington, DC, 2022

Climate Change: Evidence and Causes: Update 2020 , National Research Council, The National
Academies Press, Washington, DC, 2020

World Inequality Report 2022, World Inequality Lab, 2021

Global Energy Review 2021-Assessing the effects of economic recoveries on global energy
demand and CO: emissions in 2021, International Energy Agency, April, 2021

Global Energy Perspective 2022, McKinsey & Company, Hydrogen Council, Aptil, 2022
MakotoOzaki, ShigeoTomura, Ryo Ohmura,Yasuhiko H.Mori, Comparative study of large-scale
hydrogen storage technologies: Is hydrate-based storage at advantage over existing technologies?,
IJHE, Vol. 39, 3327-3341, 2014

SrE ~ BUREL » BOFT TR ] = SRR B AR ST 48 &5 5 B » 29-42
9 H > 2019

08 2050 ) FEHEKES ISR Fls 487597 > Blg5& - 3 H 30 H » 2022

109 TF/ETCEGERFIEREE — 5 (Llse I &Ra 7T » S EREIR s » 2021 A2 10 A -
Thomas A. Adams II *, Leila Hoseinzade, Pranav Bhaswanth Madabhushi and Ikenna J. Okeke,
Comparison of CO. Capture Approaches for Fossil-Based Power Generation. Review and
Meta-Study, Processes, MDPI, 2017

BOE (2022), Monthly Energy Statistics, & EERS » June 2022
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The Tutorial lecture topics are fuel cell operating principles, thermodynamics, kinetics,
efficiencies, central notions such as electrolyte ionic conductivity, electrode overpotential,
triple phase boundary, Nernst equation, fuel reforming, cell and stack architectures and
design, fuels (both fossil and renewable) for different fuel cells including their treatment, all
fuel cell families (SOFC, MCFC, PAFC, PEFC/DMFC, AFC).

Tutorial Schedule:

09:30
10:00
10:15
11.00
11:45
12.00
12:45
14:00
14:45
15.30
15:45
17:00

Registration & Get-Together

Welcome & Introduction (EFCF)

Lecture 1: Fundamentals of electrochemical energy Conversion (GGS)
Lecture 2: Characteristics of the important Fuel Cell technologies (GGS)
Coffee break

Lecture 3: Fuels for Fuel Cells, Fuel Processing (JVh)

Lunch break

Lecture 4: Applications of Polymer electrolyte Fuel Cells PeFC (GGS)

Lecture 5: system Aspects, Applications of High temp. Fuel Cells sOFC (JVh)
Coffee break

Lecture 6: state-of-the-Art, Challenges, summary (JVh)
End of Tutorial, Opportunity to visit the Exhibition

R KRRt ZE(LRIEITURSRESREZ#E

Tutorial Schedule:

09:30
10:00
10:15
11.00
11:45
12.00
12:45
14:00
14:45
15.30
15:45
17:00

Registration, welcome refreshments

Welcome & Introduction (EFCF)

Lecture 1: Fundamentals of Electrochemical Impedance Spectroscopy

Lecture 2: Applications | - Analysis of SOC - Materials and (Model-) Electrodes
Coffee break

Lecture 3: Applications Il - - Analysis of SOC - Single Cells and Stacks

Lunch Break

Lecture 4: Evaluation of Impedance Spectra - Kramers-Kronig Test, DRT-Analysis & CNLS Fit
Lecture 5: Impedance Modelling and Simulation

Coffee break

Lecture 6: ,EIS challenge” - Summary

End of EIS Tutorial, Opportunity to Visit the exhibition
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International Board of Advisors www.EFCFE.com/IBoA

Prof. Joongmyeon Bae, KAIST, Daejeon, Korea

Prof. Frano Barbir, University of Split, Croatia

Dr. UIf Bossel, ALMUS AG, Switzerland

Prof. Karel Bouzek, UCT Prague, Czech Republic

Dr. Annabelle Brisse, Eu Inst. for Energy Research, Germany

Dr. Isotta Cerri, Toyota Motor Europe, Belgium-Japan

Dr. Niels Christiansen, NCCI innovation, Denmark

Prof. Paulo Emilio V. de Miranda, Coppe - Federal Uni of Rio de Janeiro, Brazil
Prof. Michael Eikerling, Forschungszentrum Jilich, Germany

Dr. Karl Foger, formerly Ceramic Fuel Cells, Australia

Prof. K. Andreas Friedrich, DLR Stuttgart, Germany (1BoA Chair)
Dr. Nancy L. Garland, Department of Energy, USA

Prof. Hubert A. Gasteiger, Technische Universitat Minchen, Germany
John Begild Hansen, Haldor Topsee A/S, Denmark

Prof. Angelika Heinzel, Universitat Duisburg-Essen, Germany

Prof. John Irvine, University of St. Andrews, United Kingdom

Prof. Ellen Ivers-Tiffée, Karlsruhe Institute of Technology, Germany
Prof. Deborah Jones, Université Montpellier II, France

Prof. John A. Kilner, Imperial College London, United Kingdom

Dr. Jari Kiviaho, VTT Technical Research Center, Finland

Dr. Ruey-yi Lee, Institute of Nuclear Energy Research, Taiwan ROC

Dr. Florence Lefebrve-Joud, CEA, France

Niels Luchters, HySa Cathalysis, University of Cape Town, South Africa
Prof. Norbert H. Menzler, Forschungszentrum Jilich, Germany

Prof. Mogens B. Mogensen, Technical University of Denmark, Denmark
Dr. Subhasish Mukerjee, Ceres Power, UK

Prof. Vladislav A. Sadykov, Boreskov Institute of Catalysis, Russia

Prof. Massimo Santarelli, Politecnico di Torino, Italy

Prof. Kazunari Sasaki, Kyushu University, Japan

Dr. Giinther G. Scherer, formerly Paul Scherrer Institute, Switzerland

Dr. Subhash Singhal, Pacific Northwest National Laboratory, USA

Prof. Robert Steinberger-Wilckens, University of Birmingham, United Kingdom
Prof. Constantinos Vayenas, University of Patras, Greece

Prof. Wei Guo Wang NIMTE, PR China

Prof. Jianbo Zhang, Tsinghua University, China

Assoc. Prof. Zhichuan Jason Xu, NTU, Singapore
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Schedule of Events

Maonday, 4 July 2022
11:00 ~12:00 Reqistration for GSM 2022 - Grid Service Markets symposium
12:00=18:00 GSM Sessions 19:30 GSM Network Dinner

Motta 2022: From materials to systems including modeling and advanced characterisation

www.EFCF.com/Events

Tuesday, 5 July 2022
08:30 ~09:30 Registration for 2 GSM day
09:30 =16:30 GSM Sessions  16:30 GSM Goodbye coffee & travel refreshment

Tuesday, 5 July 2022

09:30 -10:00 Registration for Tutorials - 2 floor Club Rooms above Auditorium 11:00 - 16:00 Exhibition set-up

10:00 = 17:00 .../FCH: Fuel Cell, Electrolyser & H, Tutorlal, Dr. G. G. Scherer/Dr. L. Van herle 16:00 - 18:00 Poster pin-up / Opening of the exhibition

10:00 -17:00 .../[EIS: Electrach.iImpedance Spectroscopy Tutorial, Dr. A Weber/Dr. D. Klotz On-site Registration open (continued on the following days)

09:00-17:00 Group & Project Workshops. IEA AFC Annex 32, AdAstra/RUBY, Nautilus (p. 9) 18:00 -19:00 Welcome gathering in the splendid kKL exhibition hall

Wednesday, 6 July 2022

08.00 - 16:00 On-site Registration, Speakers Warmup Coffee till 09:00, info at main desk 09,00 - 18:00 Exhibition & Poster area open  12:30 Press Conference by invitation only

09:00 - 18:00 Conference Sessions 1 - 6, Keynotes K1 - 4: 13:15 - 15:00 Poster Session I: All Session Topics + Co-Electrolysis & CO,-Electrolysis
Presentations an programs & activities In varlous countries, status of industry, 12:00 ~ 14:00 Reglstration for MEEP 2022 sympasium ~ 14:00 — 18:00 MEEP Sessions
technical highlights on electrodes & cell lifetime; Networking & exhibition 18:30 - 23:00 MEEP Network Evening; Swiss Surprise Night - separate registration

Thursday, 7 July 2022

08:00 - 16:00 On-site Registration, Warmup Coffee till 09:00, Info at main desk 09:00 =18:00 Exhibition & Poster area open  13:15=15:00 Poster Session Il

09:00 -18:00 Conference Sessions 7-13, Keynate K5 - &: 09:00 - 16:15 MEEP Sessions 16:30 MEEP Apéro in the exhibition
Power to X, advanced characterisation; Networking & exhibition 19:20 - 23:25 Great Dinner on the Lake - The unique networking event

Friday, 8 July 2022

08:00 -10:00 On-site Registration, Speakers Warmup Coffee till 09:00, info at main desk 1500 - 16:15 Closing & Award Ceremony:

09:00 ~16:15 Conference Sessions 14-17, Keynotes K7 - 8: H, production + mix; Best poster, best scientific contribution & outstanding lifetime work:
Individual poster presentation, exhibition & networking K8 EFCF Gold Medal of Honour Winner Prof. Dr. Juergen Flelg TU Wien/AT

09:00 -12:00 Exhibition & Poster area open 12:00 - 14:00 Poster removal 16:15 - 17:00 Goodbye coffee and travel refreshment in front of the Luzerner Saal

TH - RESHRT RT3 R (Session A) B R Bk (Session B)RE i

Session Program

Mo & July www.GridServiceMarket.com
GSM 2022 - 6" Grid Service Market symposium

Tu 5 July

We - Fr

15" European SOFC & SOE Forum

G Auditosium

B Auditorium

KKL Lucerne, Switzerland, 4 - 8 July EFCF 2022

Partner Meeting Montana el e Toe
Um LU HS Terrassensaal Club Room:s
IEAAFC Annex 32 pgpsya/RUBY Nautilus  FCH EIS

Page Page

LLCRE 201 P1: Opening Session 14 8-7 duly
apz-K1 - 4: EU, USA, JP & Korean Programs/Partnerships 15 | 802 Fuel Electrodes 15 |MEEP 2022
ana: Technology status at industry | 16 | o3 Fuel & Oxygen Electrodes 16 AR
Auditorium Foyer AD4: Poster Session | covering All Session Topics + B09s: Co-Electrolysis & COs-Electrolysis 17, 28-39 Symposium on
A0s: Technology status at industry || 17 | Bos: Oxygen electrodes 17 Microbial,
a0é: Technology status at industry I1l & Projects Overview 18 | eoe: Lifetime Cells | 18 mt”ﬂmﬁm
ao7: K5: Power to oplimised X by Haldor Topsoe A/S 20 | Bo7: K6: Advanced characterization tools by AIST 20 Electrochemical
ao4, Lifetime Stacks 20 | Bos; Stack & System Modelling 20 RL;,’;;';{.E?;
avo: Performance Cell/Stack 21 | sow: Proton Conducting Materials, Cells & Stacks 21

5 Auditorium Foyer A1 Poster Session Il covenng All Session Topics + B0gs: Co-Electrolysis & CO-Electrolysis 2, 7054
a11. System Design, Performance & BoP z2 | 811 Lifetime Cells Il 22
A1z Cells Design & Manufacturing | 23 | 12 Interconnects, Coatings, Contact Layers & Sealants 23
a13: K7 H; production paths and the future Hz mix 24 | p13: Cells Design & Manufacturing |l 24
a14. Other Fuels 24 | 14 Lifetime Assessment & Advanced Characterisation 24
A15:S0OC Integration & Energy System Perspectives 26 | 815 Advanced Characterisations 25

il al6: Products, Demonstration & Novel Concepts i B16: Material Modelling

N 417:P2: Closing Ceremany 8 Legend: Px = Plenary, K

K& by the EFCF Gold Medal of Honour Winner 2022
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Table 1. Summary of long-term and high-efficient
operations of advanced stacks

Degradation | Observed mechanism Time
factors dependence

Flat -IR-loss
-Cathode
tube(Kyocera) 7 aion
Max. operation
Uf=80% 20,000h
Uf=85% 15,000n
Planar type -IR-loss
(MORIMURA coeles
SOFC palarization

TECHNOLOGY) e noe 7000h

i-' * . , Uf=85% 5,000 h

Planar t);pe -IR-loss
D +Anode
(OENEY polarization

Ui=80% several
1,000 h

hi Uf=85% several
1,000 h

mIR-loss:
Zirconia phasa transfarmation
Contact melal oxidation

SrZr03 inzulating layer formation

m Cathode polarization:
Sr804, SeCrO4 formation/Sr-
depletion in LSCF

u|R-loss:
Zircomia phase transformation
IC metal oxidation

SrZr03 insulaling layer farmation

Temp. distribution

m Cathode polarization:
5r504, 5eCrO4 formation/Sr-
depletion in LSCF

uR-loss:

Zirconia phase transformation
IC metal oxidation

B Anode polarization:
microsiructure change

m Cathode polarization:
Sr804, SeCrO4 formation/Sr-
depletion in LSCF

Linear,
squara root,

exponential

Linear,
square root,
exponential

Linear,
square root,
exponential

Degradation
rates, %/kh

0.32%/kh at Uf=80%
0.45%/kh at Uf=85%

0.30% at Uf=80%
0.35% at Uf=85%

0.72%/kh-some%/kh at
U=80%

*: Teruhisa Horita, AIST, 15" European SOFC and SOE Forum, A0203, Switzerland 5-8 July, 2022

F=t - 2RIEEER ZHHRE™
%A Global carbon emissions, 1850-2019

Global emissions | Emissions per capita

{billion tonnes) (tonnes per person)
1850 1.0 0.8
1880 25 1.8
1900 42 27
1920 6.6 35
1950 10.9 4.3
1980 30.2 6.8
2000 35.3 58
2019 50.1 6.6

Interpretation: Emissions of carbon dioxyde equivalent
(including all gases) from human activites (including
deforestation and land-use change). Sources and series:
wir2022.wid.world/methodology and Chancel (2021).

**: World Inequality Report 2022, World Inequality Lab, 2021.
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nz COr 3tk ¥ | m#BEERE | A3k
* Ba¥ | AEEC [AF COUr| BERCO) |24 COUA| AEECH)
| 1990 10,947 - 0.02121 - 541 -
| 1991 11,844 8.20 0.02118 -0.16 5.79 7.01
| 1992 12,606 6.43 0.02081 -1.74 6.10 541
| 1993 13,521 7.26 0.02090 0.41 6.49 6.26
| 1994 14310 5.84 0.02057 -1.55 6.80 490
1995 15,081 5.39 0.02036 -1.04 7.11 449
1996 15,858 5.15 0.02016 -0.97 7.41 430
1997 17,084 7.73 0.02048 1.58 7.92 6.78
| 1998 18.152 6.25 0.02088 1.97 8.34 5.28
| 1999 19.045 492 0.02053 -1.70 5.68 4.08
| 2000 20912 9.81 0.02120 3.28 9.45 8.95
| 2001 21,296 1383 0.021%0 328 9.56 1.13
| 2002 22,055 3.56 0.02150 -1.82 9.83 2.86
| 2003 23,061 4.56 0.02157 0.32 10.22 395
| 2004 23,993 4.04 0.02098 =272 10.59 3.66
| 2005 24796 335 0.02058 -1.93 10.91 297
| 2006 25,533 297 0.02003 -2.64 11.19 2.55
| 2007 25921 1.52 0.01903 -4.99 11.31 1.10
| 2008 24754 -4.50 0.01803 -5.26 10.76 -4.84
| 2009 23,587 471 0.01746 -3.15 10.22 -5.05
| 2010 2517 6.72 0.016%0 -3.20 10.88 6.43
2011 25710 2.14 0.01665 -1.48 11.08 1.91
2012 25317 -153 0.01604 -3.67 10.88 -1.85
2013 25,407 0.36 0.015M -2.08 10.88 0.04
| 2014 25,848 1.74 0.01526 -2.85 11.04 1.48
| 2015 25,848 0.00 0.01504 -1.45 11.02 -0.25
| 2016 26,298 1.74 0.01498 -0.41 11.18 1.51
| 2017 26,946 246 0.01486 -1.23 11.44 3.84
| 2018 26,721 -0.84 0.01433 -3.52 11.33 -0.94
| 2019 25882 -3.14 0.01348 -9.24 10.97 -4.11
| 2020 25,743 -0.54 0.01301 -3.55 10.92 -0.45
|4 348 & % (%)
2020 48 % 2005 0.25 -3.01 0.01
2020 48 4% 2016 -0.53 -3.47 -0.60

N ARMAERGERESREBR SRS RESE AL ETAM -
B AR AN AR R 0 2021 10 F -
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Chaired by:

Dr-Ing. Julie Mougin is Head of the Hydrogen Technologies Department at
CEA, French Atomic and Altemative Energies Commiission, in Grenoble, France.

After graduating from Grenable Institute of Technology (IMPG) in Electro-
chemistry, she obtained a PhD in Materials Science, and gained industrial
experience in the field of materials for energy and automotive markets
before joining CEA/Liten in 2005 as the head of the SOFC/SOEC testing
and characterization research group. From January 2010 to now, she has
[N led the Hydrogen Technologies Laboratory, focused on hydrogen pro-
dumon storage and fuel cells. She also super\.':sed a team over a 4 year period in charge of
techno-economical and life cycle assessment for new energy technologies.
In her current position, she supervises a team of 50 people in charge of the development and
characterization of SOEC and SOFC technologies, from cells to systems. She has extensive
management experience as coordinator of various past and on-going EU projects related to
hydrogen and fuel cells (RAMSES, INSIGHT, REFLEX, MULTIPLHY). She is recognised as an
international expert in the field of hydrogen, involved in several missions such as contributing
to EU roadmaps, review of national hydrogen programs for several countries, and standards.

Iulie Mougin is author/co-author of more than 50 publications in reviewed scientific journals
(100 in total), five book chapters and four patents.

Dr. Hab. Jerome Laurencin is a senior scientist at the French Atomic
and Alternative Energies Commission (CEA), where he leads a research
group on the modeling and characterization of Solid Oxide Cells (SOC).
After a Masters degree in material science and engineering, he obtained
his Ph.D. from Grenoble Institute of Technology (INPG) with a disser
tation on the performance and durability of solid oxide fuel cells. He
received his habilitation in 2013 on the modeling of high temperature
electrochemical devices.

léréime laurencin has been working in the field of SOC for more than 15 years at CEA. His
research activities are related to modelling, coupled with advanced material and mechanical
characterizations. With his research group, he has adapted methods based on synchrotron
X-ray radiation for the microstructural and physico-chemical characterizations. He has develo-
ped a multi-scale and multi-physic modeling framework that accounts for electrochemical and
mechanical cell behavior. His current research interests aim at understanding the complex re-
lationships between the electrode microstructure and the fundamental properties of materials,
to optimize the cell durability and robustness in electrolysis and fuel cell modes.

Jérdme Laurencin has participated in several National and European projects as work-package
leader. He is author/co-author of 90 articles in peer-reviewed scientific journals (more than 130
in total), three book chapters and holds 5 patents in the field of SOC.

[B— ~ EFCF-2022 SOFC &SOE &l jr Ak € + % 2~ f5E
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Featuring Hydrogen Fuel Cells (PEFC, HT-PEM, AFC, PAFC)
Direct Fuel & Microbial/Enzymatic Fuel Cells
Water Electrolysis (PEM, Alkaline} & CO; Reduction
H; Processing (Purification, Compression, Storage & Distribution)
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B — -~ EFCF-2023 {EJRWARIE St THE 2023 &£ 7 B 4-7 HERw

38



16" European SOFC & SOE Foru

Chaired by:

Prof. Albert Tarancén
ICREA and head of the Nanoionics
and Fuel Cells group at IREC

Featuring
m Solid Oxide T logies
= Fuel Cells (5O Elm.‘ruﬂyse:s (SOE) & |
Membrane Peadm {SOMR); CO; Emission deuctron & Rpu 5e
| I_Exhlbltlon. Suppli fers, Materials, Tasting, u_:mpcmentsi SO-Technologies
B Tutorials: FCH=Fuel Call; Elactrolyser-a Hydrogen -
EIS — Electrochemical Impedance Spectroscopy
B GSM 2024: Grid Service Market Symposium
Grid Flexibility & Utilities & ESCO oriented-Business

WW;\; EFCF.comsoa

European Elgctrolyser & Fuel Cell Forum
forum@efcf.com
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EFCF

Lucerne, Switzerland, 2 -5 July

2024

Scope of the Forum

The 16" EUROPEAN SOFC & SOE FORUM 2024 will address issues of science, enginearing, materials, systems, applications and
markets for all types of Solid Oxide Fuel Call and Electrolysis tachnologies, as well as for any electrochemical Reactors based on
Solid Oxide Membranes. The Forum continues the strong tradition as one of the leading international meatings on Solid Cuide
science, tachnology and implementation.

Technical Status and Achievements: The following companies have presented in the previous EFCF editions:
AVL, Boeing, Bosal, Bosch, Ceramatec, Ceres Power, Convion, EBZ, Elcogen, Fuel Cell Energy/Versa Power,
Halder Topsoe, Hexis/Viessmann, Microsoft, Plansee, SOLIDpower, Sunfire, Sylfen.

Chair of the Conference ICREA and head of the Nanoionics
and Fuel Cells group at IREC

" | ICREA Prof. Albert Tarancon is Head of the Fuel Cells Group at the Catalonia Institute
| for Energy Research (IREC). Albert holds M.5c. and PhD in Physics from the University of Barcalo-
na (2001, 2007) and an M. Eng. in Materials Scienca from the Polytechnic University of Catalonia
{2007). He has worked as a research assodate at CSIC (ES) and as a wisiting ressarcher at the
| University of Oslo (NO), Imperial College London (UK) and Caltech (USA). In 2010, Albert joined

the Catalonia Institute for Energy Research (IREC) as Head of Group. Since 2018, he is ICREA
- 4 Ressarch Professor at IREC and leads a group of 25+ people dedicated to hydrogen tachnologies

sy rd
f#,‘ and altemativa enargy sources,

o Albert has devoted mare than 20 years to tha field of Solid Oxide Cells developing innowative
| materials, cells and stacks dosa togather with the major industrial players in Europe. In recent
;‘F" times, Albert’s taam is pianearing the introduction of revolutionary 30 printing tachnologies in
v the S0C community exploring unprecedented shapes and interfaces to improve performance and
afficiency. In his active career, Albert has been Principal Imestigator of 10 European projects,
induding two ERC grants, coordinating four of them on hydrogen technologies. Mareaver, he has
bean actively imvolved in the dafinition of national and intermational research programmes in the
field of power generation and energy storage.
Albert has authored maore than 150 sdentific articles in poar-reviewed joumals collacting mare than 5000 citations and 200+ oral
presentations in intemational congresses {60+ invited and keynotes). Albert has been recently included in the 1% top-cited
sgientists in the field of "Energy”. Moreower, he is currently editor of the emerging Journal of Physics Enargy (loP publishing) and
tha well-reputed Joumal of the European Ceramic Society (Elsevier).

Exhibition
Efficient & Effective Complete & Convenient
Why Cortact with the right people who Booth fees include supples, services and T,
exhibit at understand and banefit from your added values Profit from striing offers such a5 a fuly equipped
EFCF? and paricipate In the purchasing dedsion. beoth from 800 CHF when 2 parddpants are booked.
Valuable Contacts All Inclusive Product Selling
Non-binding Exhibition Pre-Registration exhibition@efd.com
SAFEGUARD YOUR BOOTH www.EFCF.com/5yB
')JC Organised by the European Fuel Cell Forum forum@efcf.com, www.EFCF.com
i Obgardihalde 2, CH-6043 Luzamn-Adligenswil, Switzerland Olivier Buchali & Michael Spirig
|t4 Visit our free online EFCF Library — www.EFCF.comiLib Follow-us on Twitter: @EFCForum

=g

[&PY ~ EFCF-2024 SOFC &SOE a8 & 3% /& Prof. Albert Tarancon 2 ffE
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Project scheme for advanced evaluation methods & analysis of stack

(o R~~~
1

(Evaluation of long-lifetime and ||| @ Development of evaluation methods for multi- |!!
high-efficient stacks 1 purpose SOFC stacks "

1) Dynamic operation analysis for SOFC systems l:
CRIEPI, AIST (Kyocera, MORIMURA SOFC, DENSO) W

2) Development of evaluation method protocols for rapid |
1

I
11| 1) Flat tubular stack I
[
: start and load cycling of advanced cell-stacks I
I
I
I
I

H 1

! 1

H 1

I 1

: I
1

! AIST(Kyocera), CRIEPI I

1!| 2) Planar 1

[ AIST| |

: 3) Pl;ﬂ(:&g:sgg:a:g:z.ﬁcmwt 1 IMURA JAPAN, Tohoku Univ. |=

: 1 1 AIST (Kyocera, MORIMURA SOFC, DENSO, Nissan Motors) l:

1

i 1

1

1

1

1

1

1

1

i

1

1

3) Feasibility of compact SOFC stacks I

Tohoku Univ. AIST {Osaka Gas M.) 1

AIST(DENSO, Toho Gas), CRIEPI
1
1 ‘
1 . ,Jl. i i ::
! : s‘ 3 Development of advanced evaluation and ::
1 analysis methods for durability "

]
1
1
Planer for 1
1
1
1

Flat tubular (Pl:\a(;l;:-MURA Business use : 1) Evaluation of stack durability CRIEPI IE
1 (Kyocera) SOFC) (DENSO) il 2) Evaluation of chemical reliability ~ AIST I

I i 1| 3) Evaluation of mechanical reliability Tohoku & Keio Univ.
4) Evaluation of electrode microstructures  Univ. Tokyo, [i1

[

:IInteIIectual property committee | || chiba int.Tech. 1)
1| 5) Evaluation at the micro-mezzo structures Kyoto Univ. |!
1

I
]
I
6) Evaluation at the local area Kyushu Univ. Tokyo Gas |=
i
I
I

1

1

1

1

1 e = ¥l
I CRIEPI: Central Research Institute for Electric Power Industries,

I AIST: National Institute of Advanced Industrial Science and Technology

Figure 1. Project scheme for the current NEDO project, “Development of advanced
evaluation and analysis technologies for the durability of Solid Oxide Fuel Cells stacks
(2020-2024)".
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[/ ~ Elcogen BIYERY elcoStack® E3000 (119 K BHLEETT » 22K RES - BEIIRL

*: Teruhisa Horita, AIST, 15" European SOFC and SOE Forum, A0203, Switzerland 5-8 July, 2022
##: Matti Noponen et. al, Elcogen, 15" European SOFC and SOE Forum, A0503, Switzerland 5-8 July, 2022
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Hamburg Green Hydrogen Hub

GrinHy2.0

Future

Integrated Iron-

Renewable Energies Steam-Electrolyser Hydrogen Pr ing A ling Pr Direct Reduction Plant And-Steel Works
Usage of renewable  Electrochemical hydrogen production Compression, drying  Hydrogen for reducing Core aggregate of Integration into existing
electricity based on Steak from waste heat and injection of hydrogen atmosphere during  hydrogen-based, low CO, infrastructure and
into existing infrastructure annealingof  steelmaking of the future provision of steam from
cold-rolled steel waste heat sources

B/ ~ GrinHy 5158 » EEEERE KA EE K ERFE
* source: https://group.vattenfall.com/
** source: https://salcos.salzgitter-ag.com/en/grinhy-20.html
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CO, abated from hydrogen end-use, GT CO, cumulative until 2050

0 :
Power generation
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-60
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-80 Refining
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cumulative abated in 2050,
80 GT abatement by 7 GT with ~4GT CO,
2050 p-a. p.a. in 2040

B+ - FEMESAEERRERENE 2050 £ B REIERIRE"
*: Kim Astrom et. al, Convion, 15" European SOFC and SOE Forum, A0302, Switzerland 5-8 July, 2022
**: Hrdrogen for Net-Zero-A critical cost-competitive energy vector, McKinsey & Co., Hydrogen Council, Nov., 2021.
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Exhibit 3 — Global hydrogen demand by segment until 2050

Hydrogen end-use demand by segment, MT hydrogen p.a.

660

B Power generation [ New industry feedstock
B Mobility B Existing industry use
[ | Building and industry heat

660 MT

hydrogen required
p.a. in 2050 for
net-zero

22%
of global final
energy demand’

385

2020 2030 2040 2050

1. IEA net-zero scenario with 340 EJ final energy demand in 2050. HHV assumed. Excluding power.

E+— - FESEEAESREIREARE 2050 FZF/RE

Hydrogen supply by production method (indicative)
MT hydrogen p.a.

800 BGrey Mlow-Carbon ERenewable
700
600
500
~30% of grey hydrogen
400 converted to clean

in 2030
300

200

100

2020 2030 2040 2050

B+ — ~ McKinsey #FER B RAEHLIEACHERVAHE » 7 2020 = 2050 HYE(LE

* ref: Hrdrogen for Net-Zero-A critical cost-competitive energy vector, McKinsey & Company, Hydrogen Council, Nov., 2021.
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(Z101CHWN  Global annual CO2 emissions by world region, 1850-2019

60 :
Global emissions m North
- : : : : : in 2019: 50 billion America
o : : : : : tonnes
“5 m MENA
a .
g 40 Latin
5 : : America
T:l Close to half (46%) of ® Sub-Saharan
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7 : - m Russia &
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0 : ; : :
v : : : :
£ South-East
L Asia
g
c Other
é 10 East Asia
m China
0 F— T T T T f
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Interpretation: The graph shows annual global emissions by world regions. After 1990, emissions include carbon and other greenhouse
gases embedded in imports/exports of goods and services from/to other regions. Sources and series: wir2022.wid.world/methodology and
Chancel (2021). Historical data from the PRIMAP-hist dataset. Post-1990 data from Global Carbon Budset.

E+= - 1850-2019 2R & FTEERIVEE _SILIRERE'

(2101 XW4  Historical emissions vs. remaining carbon budget

3000 ;-

2500 |-

1000

Emissions (Billion tonnes of CO2)
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2000 |-

emitted (1850-2020)
[ 2450 billion
.. tonnes CO2

North America

(27% of the total)

Russia & Cent. Asia (9%)

MENA (6%)
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...to stay below
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300 billion
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budget...

o e e

1 o stay below

+2°C
900 billion
tonnes CO2

Interpretation: The graph shows historical emissions by region (left bar) and the remaining global carbon budget (center and right bars)
to have 83% chances to stay under 1.5°C and 2°C, according to IPCC AR6 (2021). Regional emissions are net of carbon embedded in
imports of goods and services from other regions. Sources and series: wir2022.wid.world/methodology and Chancel (2021). Historical
data from the PRIMAP-hist dataset.

[B+-Pd - 1850-2020 2FR Bz —HRILEREERE K 1.5°C2°C IR _S{tixBIRER
*: World Inequality Report 2022, World Inequality Lab, 2021.
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IS0 -W Y Per capita emissions across the world, 2019

tonnes of CO2e per person peryear
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Interpretation: Personal carbon footprints include emissions from domestic consumption, public and private investments as well
as imports and exports of carbon embedded in goods and services traded with the rest of the world. Modeled estimates based on the
systematic combination of tax data, household surveys and input-output tables. Emissions split equally within households. Sources and
series: wir2022.wid.world/methodology and Chancel (2021).

Tonnes of CO2e per year per person

70

60

50

40

30

20

10

- = 2ol

Bottom Middle Top Bottom Middle Top Bottom Middle Top Bottom Middle Top
50% 40% 10% 50% 40% 10% 50% 40% 10% 50% 40% 10%

Russia & Central Asia MENA Latin America Sub-Saharan Africa

Interpretation: Personal carbon footprints include emissions from domestic consumption, public and private investments as well
as imports and exports of carbon embedded in goods and services traded with the rest of the world. Modeled estimates based on the
systematic combination of tax data, household surveys and input-output tables. Emissions split equally within households. Sources and
series: wir2022.wid.world/methodology and Chancel (2021).

B+ - £RFEBRIEE - HEREEZ NITRBERE

*: World Inequality Report 2022, World Inequality Lab, 2021.
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Global primary energy consumption by source

Primary energy is calculated based on the 'substitution method' which takes account of the inefficiencies in fossil fuel
production by converting non-fossil energy into the energy inputs required if they had the same conversion losses as

fossil fuels.
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Source: Vaclay Smil (2017) & BP Statistical Review of World Energy QurWorldinData.orglenergy « CC BY
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The global energy mix is projected to shift
power and hydrogen

rapidly towards

Share of electricity and hydrogen in final consumption may grow to 32% by 2035, and

50% by 2060

Further Acceleration () CAGR 2019-50

Final energy consumption by fuel, million TJ
500

0 0

Electricity

006 660

GDP, MJ/$

Energy
consumption per
capita, GJ/cap

1280-2000

2000-2010 2010-2020 2020-2030 2030-2040 2040-2050

Energy intensity of

Global energy consumption is projected to flatten
inthe coming decades. Despite rapid growth of
the global economy and population growth of twa
billion people, energy consumption is projected to
grow by only 14%

Continued reductions in the energy intensity of
GDP are a key driver, triggered by greater end-use
efficiency in buildings, transport, and industry.
Electrification plays an important role in this, asa
shift to electrical solutions tends to come witha
step-change in efficiency in many segments, such
as space heating and passenger cars

The role of electricity in the final consumption mix
is projected to grow from ~20% today to 40% by
2050. The corresponding doubling of electricity
consumption combined with uptake of hydrogen is
projected to offset fossil-fuel consumption (which
excludes primary demand of coal and gas for
power generation), which could be ~40% lower in
2050 compared to 2020

B+/\ ~ ZE8E 2 BRAETR S LAV 8 b+

**: Global Energy Perspective 2022, McKinsey & Company, Hydrogen Council, Aptil, 2022
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Scientific Advisory Committee (SAC)

Ludger Blum, FZJ, DE

Alan Atkinson, Imp College, GB
Joongmyeon Bae, KAIST, Korea
Katherine BEagarinao, AIST, JP

Jean-Marc Bassat, CNRS/ICMCE, FR

Brian Borglum, FCE, USA

Ming Chen, DTU, DK

Pacla Costamagna, Uni Genova, IT
Kiochi Eguehi, Kyoto University, JP
Marie-Laure Fontaine, SINTEF, NO
Anke Hagen, DTU, DK

Jarn Kiviaho, VTT, FI

Mihails Kuznesoff, IKTS, DE
Jérome Laurencin, CEA, FR
Florence Lefebvre-Joud, CEA, FR

www.EFCF.com/SAC

Aline Leon, EIFER, DE
Andreas Mai, Hexis, CH
Olga Marina, PNNL, USA
Nobert Menzler, FZJ, DE
Dario Montinaro, Solidpower, IT
Julie Mougin, CEA, FR
Cesare Pianese, UNISA, IT
Oliver Pesdziech, Sunfire, DE
Massimo Santarelli, POLITO, IT
Kazunari Sasaki, Kyushu Uni, JP
Albert Tarancon, IREC, SP
Jan van Herle, EPFL, CH
Ligang Wang, NCEFU, CN
André Weber, KIT, DE

We thank the SAC for the evaluaton and

Moming - Luzerner Saal

Welcome by the Organizers (AD101)
Oivier Bucheli, Michael Spirg
European Electrobyser & Fued Cell Forum, LuzermiSwitzerdand

Welcome by the Chairs (AD102)

Julie Mowgin, Jérdme Laurencm

CEA-Liten, GrenobleFrance

Welcome to Switzerland (A0103)

Stefan Oberholzer, Rolf Schmitz, Benolt Revaz
Swiss Federal Office of Energy. Bem/Switzerland

Wednesday, 6 July 2022
A02: Keynotes: EU, USA, JP & Korean Programs/Partnerships

coninbution to structure the technical program
www.EFCF.com/SOC

Eduardo Da Rosa Silva, CEA, FR

Maxime Hubert, CEA, FR

Manon Prioux, CEA, FR

Cintia Hartmann, CEA, FR

We thank the SOC for the content and quality
contribution of the technical contributions

Scientific Advisory Committee (SOC)
Elisabeth Djurado, Uni Grenoble, FR
Karine Couturier, CEA, FR

Bertrand Morel, CEA, FR

Jérdme Aicart, CEA, FR

Marie Petitiean, CEA, FR

Auditorium - Moming

B02: Fuel Electrodes

K1 The Status of SOFC & SOEC RED in the Clean Hydrogen Partnership {A0201v)
A Aguio-Rullan, M. Atanes, B, Bicbuyck, D, Dk, D, Tsirmes
Clean Hydrogen Partnership, Brussels/Belgium;

0250 KE U5 Department of Energy Hydrogen and Fuel Cell Technologies Office
Opaning Remarks (AD202)
William T. Gabbons, ULS. Department of Energy Hydrogen and Fuel Cell Technologies Offce,
Washington/USA
10:05
110 K3: Recent achievements of advanced evaluation and analysis technologies
for the durability of Solid Oxide Fuel Cells stacks in Japan (AD203)
Teruhesa Honta, National nstule of Advanced Industnal Soence and Technology (AIST),
Tsukuba'Japan
10:20
1030 K4: Overvlew o the Korean Hydrogen and Fuel Cell Program (A0204v)
Kisuk Chung
ipas  Reresn Energy Technology Evaluation and Flannmg (KETEF), Korea
10:50 Break - Ground Floor in the Exhibition
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LSM based fuel electrode materials for SOECs operating under steam. co-glectrolysis and
COy-elactrolysis modes (BO201)

Waibhav Vibhu (1), lzaak C. Vinke (1), Ridiger-A. Eichel {12}, L.G.J. (Bert) de Haart {1)

(1) Institule of Energy and Climale Research, Fundamental Electrochemestiry {IEK-2),
Farschungszentrum JJilich GmbH, Jilich/Germany

(2} Institute of Physical Chemistry, RWTH Aachen University, Aachen/Germany;
Sulfur-Activated 5FM-Based Fully Ceramic Fuel Electrodes for Solid Oxide Cells (BO202)
Matthees Fiegral, Nonko Sata, Rém Costa

German Aerospace Center (DLR), Insbitute of Engmesring Thermodynamics, Stullgarl'Genmany,

Electrode Materials for Robust Solid Oxide Electrolysis Stacks (BO20F)
S Flango Elangavan, Tyler Hafen, Taylor Rane, Dennis Larsen, Joseph Hartvigsen, Jenna Pike
OixEon Energy, LLC., Morth Sall Lake/UISA,

Generalization and optimization of Ni exsolution with diffusion-determined model to
achieve highly active and stable ancde for solid oxide fuel cells {BO204)

o Han Kim and Jac-ha Myung, Department of Materials Science and Engineering, Incheon
Mational University, Incheon/Republic of Morea,

Reversibility imitations of metal exsolution catalysts at low dopant concentrations (B0Z03)
Maoritz | Weber (1,2 3), Regina Ditmann (1), Rainer Waser (1 4), Morbert H Menzler (2), Felix
Guenkel (1), Christian Lenser (3), Olivier Guillon (2 3);

(1) Peter Grusnberg Institute (PG T) and JARAFIT,

(2} Institute of Energy and Climate Research {IEK-1), Forschungszentrm Juelich GmbH,
JuehichiGermany,

(3} Insbitule of Mmeral Engmeenng (GHI),

(4) Insutute for Clectronic Matenals (RWE Z), By TH Aachen Universiy, Aachen/Germany,
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13:15 A04: Poster Session | covenng All Session Topics + B09s: Co-Electrolysis & CO;-Electrolysis

AD3: Technology status at industry |

Gas_to_Power and Power_te_Gas solutions from SOLIDpower [A0301)

Mazzima Bertoldi (1), Antonalla Neaei (2), Zacharie Wuillemin (2), Stefana Medena (1), Daria
Montinaro (1}, Daniele Penchini (1).

(1) SOLIDpower SpaA. Mezzolombardoitaly;

(F) SOLIDpowes 54, Yverdon-les-Bains!Swit rerland

Field Experiences and Development of C80 Platform

for Premium Efficiency SOFC and SOEC (AD302)

Kirm Astrém, Tuomas Hakata, Erkko Fontedl

Comvion Oy, EspooFmiand,

Commercialization of the Ceres SteslCollD Technology

for Power Generation and Electralysis (A0303)

Robert Leah, Adam Bone, Per Hjalmarsson, Ahmet Selcuk, Mike Lankin, Mahfujur Rahman,
Florence Felix, Jeffray De Vero, Xin'Wang, Laura Rics, Subhasish Mukerjes Mark Selby
Ceres Power Lid; Viking House, HorshamdLl K

Power-to-X and green hydregen at Haldor Topsew: status and plans [A0304)

Peter Blenmow, Thomeas Heredal-Clarsen, Jeppe Hass-Hanesen, Michael Huligees, Jobin Bogilkd
Harsen, Poul Georg Moses

Haldor Topsoe A/S; Lyngby/Denmark;

Status of Hexis and mPower’ SOFC and SOEC Activities (A0305)

Andreas Man (1,2), Jan G, Grobg (1), Venkalesh Sarda (1), Holger Bavsager (1), Alesander
Schuler (1, 2), Amarnath Chakradeo (3), Sxddharth H. Mayur (3)

(1) Hrexs AG, Winles thur Swillzes land,

{2) Hexrs GmbH, Konstanz/{Germany,

(3) mPewer GmbH, Dresden'Genmiany,

Lunch

Wednesday, § July 2022

Wednesday, 6 July 2022

Auditorium - Morning
B03: Fuel & Oxygen Electrodes

Influence of A-Site medifications on the properties of

(lay 2817, Cay) TipesF e 01 5 based fusl electrods for selid oxide cell (E0201)
5. Paydar (1), ©. Volobuieva (2), E. Lust {1}, G. Nurk (1)

(1) Institute of Chemistry, University of Taru, Tartuw/Estonia;

(2} Department of Materials Science, Tallinn University of Technology, Tallinn/Estonia

The role of noble metal current collectors in electrochemical SOC studies of MIEC
catalysts (BO302)

Mykhinlo Pidburtng, Harrs Ansan, Veola Birss

Department of Chemestry, Unnversity of Calgary, CalgandCaneada,

LSM'GDC as slectrades material for symnatrical IT - SOFC fusled by mathane (B0303)
Enrico Squizzata (1), Caterina Sanna (2), Marie Lund Traulsen (3}, Pacla Costamanna (2], Pater
Holtappels {3), Antonella GEsenti (1,4)

(1) Department of Chemical Sciences, University of Padova, Padovalttaly;

(2} Department of Chemistry and Industrial Chemistry, University of Genoa, Genoalltaly

3} Department of Encrgy Cosrversion and Storage, Tech, Ui, of Denmark, Lyngby/Denmark,
(4) CNR-ICMATE, Padova/ltaly;

Degradation behavior of LnyMii.Co,Qaes (Ln = La, Pr or Nd) and Lay sPro sNiv..Co. 0y (1=
. 0.1. 0.2) oxygen electrodes under steam electrolysis conditions [B0304)

Waibhav Vibhu (1), lzaak C. Vinke (1), ROdiger-A. Eichel (1,2), L.G.J. (Ben) de Haart (1)

(1) Institute of Energy and Climate Research, Fundamental Electrochemistry (IEK-8};
Forschungszentrum Jolich GmbH, Johich/Germany;

(2) Institute of Physical Chemistry, RWTH Aachen University, Aachen/Germany;

Caobalt-free air electrode for the next generation of Solid Oxide Cells based on (La.SrjFe0,
materials (BO305)

Clare Ferchaud, Frams van Berkel, Lock Berkeveld, Miranda Hegnk-Smith, Jakobert Veldhues,
Hams van Wees

ECN part ol THNO, PeftendThe Netherlands,
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ADS: Technology status at industry Il

Status of Stack & System Development at Sunfire (A0501)
Chrrsbian Walter, Olreer Posdawech, Mallhias Boltee
Bunfire GmbH, DresdenGermany,

AVL's 50C Portfolio for a Hydrogen Based Energy System (A0502)
Martin Hauth, Bernd Reiter, Raphael Neubauer, Manuel Tand|
AVL List GmbH; Graz'Austna;

S0C development at Elcogen (A0503)

Malti Nopenen (1), Hanna Grang-Fabnbus (1), Sergu Pylypko (2), Enn Ounpuu {2)

{1} Ebcogen, VanlaaFmland,

(2} Ekcogen; Talinn/Estonia;

Reversible SOEC! SOFC System Development and Demonstration (A0504)

Jenina Pike, 5. Elango Elangovan, Joseph Harbwgsen, Denmes Lasen, Tyler Hafen, Michele
Haollist, Abel Gomez, Amesley Yarosh, Jessica Bkl

Oixbon Energy, North Sall Lake/UISA,

Break - Ground Floor in the Exhibition & 1* Floor in the Poster Area
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B05: Oxygen electrodes

Influence of the B-cite Dopamnt (M = Ti. Nb) Content on the

Electrochemical Perfarmance of (La, (81, ) 5 Co, M0, . Oxygen Electrode (BO501)

Alar Hemsaar (1), indrek K (1), Jaan Aravah (2), Kuno Kogser (3), T, Kadmbre (3), Gunnar
Nurk (1), Enn Lust (1), (1) hrsbibute of Chemestry, University of Tartu, TarlwEstors, (2) Insblute
of Ecolegy and Earth Sciences, University of Tartu, TartwEstonia; (3) Institute of Physics,
University of Tanu, TanuwEstonia

Route to achieving high power densities

using nanostructured cathodes on anode-supported SOFCs (B0S02)

Katherine Develos-Bagarinaa (1), Tamching Ishiyama (2), Hiroyuki Shimada (3)

Haruo Kishimoto (1), Katsuhiko Yamaji (2)

{1} Global Lero Emmssion Research Center, AIST Wesl

{2) Research Inatitute for Energy Conservation, AIST Central 5;

{3 Innowvative Functional Materials Research Institute, AIST Chubu; National Institute of
Advanced Indusirial Science and Technology (AIST), Japan;

Significantly reduced area specific resistance of Pr,Niy 0, — Ce, o Gd, ,Pry .05
composite cathode by optimizing microstructures for IT-SOFCs (B0503)

Fheng Xee, Slephen J. Skinner

Department of Materials, Imperial College London, London/UK;

Oygen isotope exchange in SrFe, 5,00 (B0504)

Artur J. Mapewski (1), Nataha Porolmkova (2), Anna Bhodenchuk (2), Maam Anarnyey (3), Poter
R Skater (4), Dimitrey Zakharow (2), Hobert Stemberger-Wilckens (1)

{1} Echool of Chermcal Engmeenng, University of Birmmgham, Birmmgham/UK,

{2} Institute of High Temperature Electrochemistry, Yekaterinburg/Russia;

{3) Federal State Research and Design Institute of Rare Metal Industry, ul., Moscow/Russia;
(4) School of Chemstry, University of Girmingham, Birmmgham /UK
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The highly eMficient power source — the statlanary fuel cell system by Bosch (ADE01)
Sven Steib
Roberl Bosch GmbH, Stullgart/Gesmany,

Status of Electrayzer Development at GEMNVIA [ADED2)
Patrice Tachon, Capella Festa, Najet Agrane, Gilles lafrate
GENVIA SAS; PLAINE SAINT PIERRE, BEZIER;

Devalapmaent of a rSOC madular praduct far a sustalnable local anergy supply (A0803)
Micolas Bardi, Carcline Rozain, Mare Potron, Guillaume Préaux
Syifen; Le Cheylas;

Progress on Reversible Solid Oxide Cell, Stack. and System Technologies (ADB04)

Emir Dogdibegavic® (1), Robent Braun (2), Scott Barnett (3), Samuel Horlick (1), Anila Wallace
(1), David Kopechek (1), Gene Arkenberg {1}, Judy Garzanich (1), John Funk (1), Sergio lhanez
{1}, Aadarsh Parashar (2), Yubo Zhang (3), Scolt Swanz (1), Chad Sellers (1), Bradley Glenn
(1), Mark Evans (1)

(1) Nexcerrs, OliSA,

(2) Codorado School of Mines, Colarado/USA,

{3} Northwestern University, llinces/USA;

Large Area Solid Oxlde Electrolysis Stack [A0&05)

Kesry Meinhardt, Nathanael Rover, John Zaengle, Lorraine Seymour, Joelle Reiser, Jie Bao,
Maveen Karri Olga A Marina

Pacific Morthwest Mational Laboratory, Washington/USA;

Mn{ll}-deped scandia stabilized zirconia electrolyte: materials. cells and stack
performance [AGE0E]}

Marie-Laure Fontaine (1), Einar Vollestad (1), Vegar Qygarden (1), John Fietras (2), Jullan
Dicully {3), Baarme Coulurer (4)

(1) SINTEF AS.; Oslo/Norway;

(2) Saint-Gobain Research North America; Northborcugh/USA;

(3) EIFER, Karlsruhe/Germany,

(4) CEA; Univ. Grencble Alpes = CEA/LITEN, Grenoble/France

End of Sessions

Accelerated Fallure of Standard Selid-Oxide Electralysis Cells

from Multiscale Modeling (BOS01)

Brandon C. Wood (1), Jowl Berry (1), Mambwoon Kam (1), Richard D. Boardman {2), Gregory A
Hackell {3}, Harry W. Abernathy (3), Wilkam K. Epling (3, 4), Clga Manna (5), Janee Holladay
{5}, David Peterson (8), William T, Gibboees (B)

{1} Lawrence Livermore National Laboratory; Livermore/USA;

{2} idaho National Laboratory; idaho'USA;

{3} National Energy Technology Laboratory, Morgantown/USA;

{4} NETL Suppart Contractor, Pittsburgh, PA 7 Morgantown, WY/ Albany, OR;

{5} Pacific Northwest Mational L aboratory, WashingtonUISA, ©

(&) Hydrogen and Fuel Cell Technologies Office, 1 & Department of Energy. FERE;
ColaradoUSA;

{T} Hydrogen and Fuel Cell Technologies Office, U S, Depantment of Enargy- EERE;
Washington/LISA;

Accelerated testing of micrastructural degradation In nlckelizeria fuel electradas (BOGO2)
Yanding Liu (1), Florian Wankmaller (2}, Martin Juckel {3}, André Weher (1)

{1} Institute for Applied Materials (IAM-WET); Karsruhe Institute of Technology (KIT),
Karkruhe'Germany;

{2) Lahoratory for Electron Microscopy, Karlenuhe Institute of Technology, Kadsruhe/Germany
{3) IEK-1, Forschungszentrum Jibch GmbH, JOhch/iGemmanmy

Effact of Oparating Conditions on Durabllity of Solld Oxide Electralysiz Cells ({BOGO3)
Olga A. Marina, Long Le, Christopher Coyle, Dan Edwards, Jie Bao, Dewei W ang, Kerry
Meinhardt, Jamie Holladay

Facific Morthwest Mational Laboratory; Washington/LISA,

30,000 Hours Steam Electralysis with

3 3YSZ-Electrolyte Supported Cell at Elevated Current Density (B0G04)
Jesef Schefold (1), Aline Leon (1), Christian Waler (2)

{1} European Institute for Enengy Research (EIFER); Karlsndhe/Germany,
{2) Sunfire GmbH; Dresden/Germany;

NI migration In Solid Oxide Cells: a coupled modeling and experimental study (BOB0S)
Léa Rerato (1), Yijing Shang (2), Shenglan Yang (2,3). Maxime Hubert {1), Karine Couturier (1),
Lijun Zhang (3}, Julien Vuliet (4}, Ming Chen (Z), Jérdme Laurencin (1)

(1) Univ. Grenoble Alpes - CEALITEN; Grenohle/Frande:

(2) Department of Energy Conversion and Storage, Technical University of Denmark; Kgs.
LynagtDienmiark

(3) State Key Laboratory of Powder Metallurgy, Central South University: Changsha/China;
(4} CEA, DAM, Le Ripault, Monts/France;

Effect of Current Density on Performance Degradation and Microstructural Eveolution
in NifCGO Fuel Electrode for Steam Electrolysis Operation (BOS0E)

Morten Phan Kikou, Hennk Lund Frandsen, Peler Vang Hendnksen

Techmcal University of Denmark, Department of Energy Conversion and Slorage,
Lyngby/Denmark;

Swiss Surprise Night Registered participants meet between KKL and raitway station

ADT: Keynote - Power to optimised X by Haldor Topsee A/S

K&: Power to X: What is the optimum X from a SOEC perspective? (A0701)
John Begild Hansen, Haldor Topsee A'S, Lyngby/Dhenmark

ADB: Lifetime Stacks

Utilizing the full power of electrochemical impedance spectroscopy to identify stack
degradatlon mechanlems In commerclal S0EC stacks (A0801)

Daniel B. Drasbaek, Peter Blennow, Thomas Heiredal Clausen, Jeppe Rass-Hansen, Giovanni
Penn, Jems W T, Hogh, Anne Hauch

Topsoe A5 Haldor Denmark, Lyngby/Denmark

15000 hours test of a SOE shert stack in co-slectrelysis mods (A0802)

Stefan Diethelm (1), Audrey Wesaly (1), Samaneh Daviran (1), Hamza Moussaoui (1), Dario
Mentinars (2], Jan Van herle (1)

(1) Group of Energy Materials: Feole Polytechnique Fédérale de Lausanne/Switzerland:

(2) SOLIDpower Spa, Mezrzolombardoditaly

Combining SOEC and biomass gasification for synthesis of methanol; use of purge gases
on the axygen electrode and their impact on cell durability (ADED3)

Peter V. Hendoksen (1), Belma Tale (1.2), Jens V. T. Hegh (1,3), F. Blennow (3), R, Kiingas
(3), M. Chen (1) X Sun (1), J. Ahrenfeldt (4), U. B. Henriksen (4), W .-R. Kiebach (1)

(1) Department of Energy Conversion and Slorage, Techmcal Unversity of Densnark,

{2) Smilel, Department of Sustamable Energy Technology, Moreay,

(3) Haldor Topsoe A'S, Denmark; (4) DTU Chemical Engineering, TU of Denmark;
Benchmark Study of Performances and Durability between Different Stack Technologies
for High Temperature Electrolysis {&0804)

Jerome Aicart (1), Alexander Surrey (2), Lucas Champelovier (1), Kilian Henault (1), Chistian
Geipel (), Oliver Posdzriech (2), Julie Mougin (1)

(1) Unwv. Grenoble Alpes, CEA, Liten, Grenoble/France, {(2) Sunbie GmbH, Dresden/Germany,

Break - Ground Floor in the Exhibition
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Thursday, 7 July 2022

Auditorium - Morning

BOT: Keynote - Advanced characterization tools by AIST

K&: Cutting-edge technologies for prebing degradation phenemena

in solid oxide cells (BOT01)
kathenne Develos-Bagarinao; Global Zero Cmission Research Center (GZR), National Institute
of Advanced Industrial Science and Technology (AIST), TsukubalJapan

Stack & System Modelling

Operation & maodelling of ammonia fuelled solid oxide fuel cell, stack & systems (BO801)
Henwik Lund Frandsen, Hossein Nami, Omid Babie Rizvandi, Francesco Mondi, Claudia Goaebal,
Xiufu Sun, Anke Hagen, Peter Vang Hendriksen;

Departrment of Energy Conversion and Storage, Techomeal Uneeersity of Denmeark,
Lyngby/Denmark,

A high-throughput design of a muktfunctional tubular hydregen reactor (B0802)
Santos-Blasco Joaquin (1), Catald-Martinez David (1), Fscoldstico Sonida (1), Veensira Peter (2,
Vallestad Einar (1), Fantaine Marie-Laure (3}, Kiebach Weolf-Ragnar (4) Strandbakke Ragnar
(5), Serra José Manuwel (1):(1) Instituto de Tecnologia Guimica (C3IC-UPY); Valencia/ Spain; (2)
Shell Glohal Sohutions. Infernational B V| The Hagua/Netherlands; (3) SINTEF Industny; (4)
Technical University of Denmark, Roskilde/Denmark; (5) University of Qslo, Oslo/Manway;

Comparative assessment of gas channel flow models

for detailed multi-physics planar solid oxide cell and stack simulations (B0B03)

Oscan Furst, Lukees Wehrle, Olal Deutschmann

Karlsruhe Institute of Technology, Institute for Chemical Technology and Polymer Chemistry;
KawlsruheGenmany,

Transient simulation and experimental validation

of a solid oxide cell module in electrolysiz and polygeneration mode (B0304)

Santiago Salas Ventura, Matthias Metten, Marius Tomberg, Dirk Ullmer, Marc P. Heddnich, S.
Asif Ansar

German Aerespace Cenler (DLR), Insbibule of Engmeenng Thermodynames, SlultgartGermany,
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11:00

11:15

11:30
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Impact of GOC interlayer microstructure on strontium zirconate interphase formation and
call performance (AD801); Sadhana Galam (1), André Weber (1), Flonzn Wankmiller (2),
Wermer Herzhof (3), Christian Dellen (3). Morbert H. Menzler (3); (1) Inst. for Applied Materials -
Flectrachemical Technologies (IAM-ET}; (2] Lab, for Flectran Microscopy {LEM); Kadsnihe
Institute of hrology (KIT), Karksruhe/Germany, (3) Forschungszentrum Julich GmbH, Inst of
Energy & Climate Research (IEK), JulichiGermany;

Development and Full System Testing of Novel Co-Impregnated La0.205r0.26C a0 45Ti03
Anodes for Commercial Combined Heat and Power Units (ADS02)

Robert Price (1), Holger Bausinger (2), Gino Longe (2), Uel Weissen (2), Mark Cassidy (1), Jan
G, Grolig (2) Andreas Mai (7), John TS Irvine (1); (1) University of S5t Andrews ; School of
Chemistry, St Andrews, Fife/LIK ; (2) HEXIS AG; Winterthur/Switzerland;

Performance and Endurance Characterization of a Commercial Prototypical SOEC Stack
(A0903)

Micah Casteel (1), Cliff Lowsghmiller (1), Randy Petri {1), Tyler Westover (1), Jeremy Hartvigsen
(1), Peter Blennow (2}, John Boagikd Hansen (2). Richard Boardman (1)

(1) Idaha National Laboratory, Idaba/LISA; (2) Hakdor Topsoe A'S, LyngbyDenmark,

Solid Qxide Electrolysis Stack development and upscaling [A0304)

Stephane Di lerio, Thiault Monnet, Géraldine Paleoux, Livia Cenuti, Julie Mougin
Univ. Grenoble Alpes — CEA/LITEN, Grencble/France;

Evaluation of temperature gradients during stack operation with internal reforming {40305}
Stetan Megel, Stefan Hothe, Jens, Schnetter, Sebastian Hielscher, Jakob Sehine, Nikolal
Trotimenko, Jochen Schilm, Mihals Kusnezof

Fraunhofer IKTS; Dresden/Germany,

Performance enhancement in SOFC stacks (ADS08)
e de Haan, Qingping Fang, Norben H. Menzier, Ralt Peters
Forschungszentrum Jifich GmbH; Institute of Energy and Climate Research; Jolich/Germany;

Proton conducting ceramic based companents. cells and modules development
for high pressurized electrolysis (B0901)

Marie-Laure Fontaine

SINTEF AS Osla/Morway;

Performance of protonic ceramic cells and systems for hydrogen production {B0302)
A_A Thatte (1), M. Pastula (2), R J. Braun (1)

(1) Colorado School of Mines, Depariment of Mechanical Engineering; Colorado/USA;

(2} Versa Power Systems; Calgany/'Canada;

MH,-fed IT-Proton Conducting Ceramic Cells:

a BaCayrYoadro-based efficlent nanscemposie anode. (B0903)

Pigtro Trainotti (1), Fabrice Mauvy (2}, Antonella Glisenti (1,3)

(1) University of Padova Dept of Chemical Sciences; Padova'ltaly

(2} Université de Bordeaux - CNRS - PESSAC/FRANCE; (3) CNRAICMATE, Padovalltaly;

Proton conducting ceramic cells

with Ba,, ,Gd, Ly 5., 00,0, oxygen electrode for steam electrolysis application (B0904)
Haoyu Zheng (1), Noriko Sata (1), Matthias Riegraf (1), Amir Masoud Dayaghi (2}, Truls Norby
[2), Remi Costa (1); (1) Instiute of Engineenng Thermodynamics, German Aercspace Center
(DLR); Stuttgart/Germany; (7)) Department of Chemistry, Cenire for Materials Science and
Nanotechnology (SMN); University of Oslo, OsloiMNorway;

Towards the development of large scale proton conducting ceramic cells [B0905)
Marrya E. Ivanova (1), Wendelin Deibert (1), Norbert H. Menzier (1), Oianer Guillon (1,2); (1)
Forschungszentrum Jokch GmbH, Insttute of Energy and Climate esearch, Matenals
Synihesis and Processing (IEK-1); Jolich/Germany; (2) RWTH Aachen University, Institute of
Mineral Engineering {GHI), Department of Ceramics & Refractory Materiale; Aachen/Germany;

BO3DT is requested to be presented here

12:30 Lunch -2" Floor on the Terrace / Coffee - Ground Floor in the Exhibition & 1 Floor in the Poster Area

Afternoon - Luzemer Saal

15030

A11: System Design, Performance & BoP

Ammenia SOFC System Development (A1101)
Bernd Reiter, Martin Hauth, Raphael Neubauer, Clemens Mair, Markus Reinbacher
AVL List GmbH; Grazfausina,

Progress in the development of LNG and Diesel-fusled SOFC systems for maritime
applications (A1102)

Jan Hollmann (1), Marco Fuchs (1), Elmar Pohl (). Melanie Grote (2), Carsten Spieker (3),
Ulrich Gardemann (3), Michael Steffen (3), Stephan Kabelac (1)

(1) Instiute of Thermodynamics, Leibniz University Hannover; Hannover/Germany

(&) OWI Science for Fuels gambH; Herrogenrath; (3) Zentrum fir BrennstoffzellenTechnik (FRT
GmhHY; Duisburg;

Experimental results of a 10040 kW rSOC lab system (A1103)

Foland Peters, Nocolas Kruse, Willned Tredemann, Ingo Hoven, Roberl Deja, Cingping Fang,
Ralf Peters

Forschungsrentrum Jilich GmbH; Institute of Energy and Climate Research; Jilich/Germany
Highty efficient SOFC system with CFY-stack module operated with gasified biomass -
HIEff-BioPower - (A1104)

Marbn Hauth (1), Griwin Dumbdck (1), Chrstopher Sallan (1) Sefan Megel (2), Jers Schoetler
(2, Mihasks Kusnezol! (2), Klaws Supance: (3), Thomas Brunner (3), Ingwald Chemberger (3)
(1) AVL List GmbH; Graz/Austria; (2) Fraunhofer IKTS; Dresden/Germany; (3) BIOS
BIOENERGIESYS TEME GmbiH; Grazdfustna;

Break - Ground Floor in the Exhibition & 1¥ Floor in the Poster Area

A12: Cells Design & Manufacturing |

Thursday, 7 July 2022

13:15 A10: Poster Session Il covering All Session Topics + B08s: Co-Electrolysis & CO;-Electrolysis

Auditorium - Afternoon

Auditorium Foyer

B11: Lifetime Celis Il

Electrochemical and degradation behaviour

of Ni-G0C electrode under steam-, co- and COy-electrolysis (B1101)

Iteanyichukwu D. Unachukwu (1,2), Vahav Yiohu (1), Jan Uecker (1,2), izaak C. vinke (1),
Ridges-A. Ewchel (1,2), LG {Bert) de Hasrl (1)

(1) Inatitute of Energy and Climate Reasearch, Fundamental Electrochamistry (IEK-5);
Forschungsrentrum Jifich GmbH, lolich/Germany

12} Institute of Physical Chemistry, RWTH Aachen University; Aachen/Germany,

A systematic analysis of the durability behavior of NICGO-based slectrolyte-supported
cells in co-electrolysis (B1102 previewed to be shifted to Poster BE1107)

Matthias Riegraf (1), Noriko Sata (1), Chen-Yu Tzai (2}, Mariana Hesinger Boucas (2), Christian
Geipel (2), Rémi Costa (1)

(1) German Aerospace Center (DLR), Institute of Engineering Thermodynamics;
Suitgart/Germany

(2} Sunfire GmbH, Dresden'Germany;

Modeling of Ni Migration in Ni-Y$Z Electrodes During Solid Oxide Electrolysis (81103}

Chan Zhang, Peler W Voorhees, Scotl A Barmetl
Morthy tern Lniversity; E LSA;

Micrestructures of Ni-GDC electrodes with carbon depesition (B1104)

Anna Boazko (1), Yosuke Komatse (1), Akko Nakamura (2), Yusuke Sunada (1), Zhuleng
Ouyang (1), Toru Hara (2), Naoks Shikazono (1)

(1) Irestebute of Industrsal Scence, The University of Tokyo, TokyolJAFAN,

(2) Mational Institute for Material Science, TsukubalJAPAN;

B12: Interconnects, Coatings, Contact Layers & Sealants

1645

7
i

1745

g

18:00
19:15

Metal-Supported Solid Oxide Cells for Chemical Conversion. Electrolysis, and Power
Production [A1201)

Michael Tucker, Boxun Hu, Martha Welander, Fengyu Shen, Grace Lau

Lawrence Rerkeley National Laboratony, CALISA,;

Influence of substrate nature on electrochemical performance of electrolyte supported
cells for operation as SOFCISOEC (A1202)
Mikolas Trobmenko, Smdy Mosch, Mibaks Kusnezol

Innavative archiectural sxygen electrades for solid axlde cells using electrostatle spray
depocition (A1203)

Elisabeth Djurada (1), Rakesh Sharma (1), Ozden Celikhilek (1), Nur | Khamidy {1,2), Lydia
Yedsah {1.2h, Jérdme Laurencin (2), (1) Unee. Grenoble Alpes, Univ. Savoie Monl Blane, CHRS,
GrenoblefFrance, (2) Unav. Grenoble Alpes, CEA, LITEN, OTCH, Grenoble/France,

Praogress in the development of metal-suppertad-cell architecture with preten cendusting
ceramics (A1204) Rémi Costa, Haoyu Zheng, Feng Han, Matthias Riegral, Noriko Sata;
German Aerpspace Center, Institute of Enginesering Thermodynamics Flectrochemical Fnergy
Technology; Stuttgart/Germany;

Developmant of high-flexible SOFCs via phase-controlled YSZ for high perfermance and
mechanical durability (41205}

Bo-Fam Waon, Jae ha Myung

Department of Materials Science and Engineering, Incheon National University;
Incheon/Republic of Korea,

Status of Solid Oxide Cell development at THO (A1206)

Frans van Berkel, Mang Shinde, Michied Langerman, Clare Ferchaud -
THO, PettenThe Netherland:s, 3

1, Fraunholer IKTS, DresdeniGermany

End of Sessions
Dinner on the Lake
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[Co.CuMn)y0; contact layers: their mechanical, electrical and Cr retention properties (B1201)
Claudia Goebel (1), Yousef Alizad Farzin (1), llaria Ritucei (1), Belma Talic (1), Mareddy Reddy
(£), Jan Fromzheim (2), Ragnar Kiebach (1}, Henrk Lund Frandsen (1);

(1) DTU Energy, Technical University of Denmark; Kongens Lynghy! Denmark;

() Enerqy and Materialz, Chalmers University of Technology, Gothenburg/Sweden

Stability of glass ceramic sealants in atmospheres with increased water contents (B1202
is presented in B1206) Axcl Rost (1), Jochen Schilm (1), Hassan Javed (2), Kai Herbrig {2)
(1) Fraunholer IKTS, Oresden/Germany, (2) sundime GmbH, DresdenfGemmany,

Sintering of cebal free coatings far prevention of chremium palsening

in Solid Oxide Fuel Cells (B1203) Justyna lgnaczak (1), Sebastian Maodin (1), Ming Chen (2)
Piaitr Jasinski (1); (1) Faculty of Electronics, Telecommunications and Informatics, Gdarisk
University of Technology, Gdansk/Foland, (2) Department of Encrgy Converson and Storage,
Techmcal Unwersity of Denmark, Fysikeey, LyngbyDerumark,

Diffusion barrier coatings against the dual atmosphers effect on IT-SOFCs (B1204)
Matthieu Tomas, Alberto Visibile, Jan-Frik Svensson, Jan Froitzheim

Enengy and Materials, Chalmers, University of Technology, Gothenburg/Sweden;

Deslgn and characterization of impraved glazs sealant-imterconnect interfaces

In reversible solid oxide cells (B1205) Fedenco Smeacetto (1), Hassan Javed (2), Lhsa
Zanchi (1), Chiara Bert (3), Damenico Ferera (3), Christian Walter (2, Massimo Santarelli (3);
(1) Department of Applied Science and Technalogy (DISAT), Turindtaby; (33 Sunfire GmbiH;
Dresden/Germany, (3) Depariment of Cnergy (DENERG), Turin/Italy;

Co-Sintering of Spinel-Based Coating/Contact Dual-Layer Structure

for SOFC Cathode-Side Application (B1208 is prosenled m B1202) Yulan Yu (1), Fupeng
Cheng (1), Yue Lu{1), Chengehn Guan (1,2, Jangang Wang (1,2); {1) Shanghan Institule of
Applied Physics, Chinese Academy of Sciences.; ShanghadPR China; (2) Dalian Mational
Laboratory for Clean Cnergy, Chinese Academy of Sciences.; Liaoning Prownce/PiR China;

Boarding 19.20 - Lake side of KKL pier 5/6 - Departure 19.30
Back 23.00 (short stop in Brunnen 22.30 for return by train)



Moming - Luzemer Saal

09:00 A13: Keynote - H; production paths and the future H; mix

Friday, & July 2022

Auditorium - Morning

B13: Cells Design & Manufacturing Il

0900

KT: The various H; preduction paths and
their expected importance in the future mix (A1301)
Sebastian Mayer McKinsey & Company, Inc. Minchen/Germany

Analysis of ceramic nanccomposite fusl cell

fabricated through a hybrid of 30 printing and laser scribing [E1301)

Muhammad Imran Asghar (1.2), Peter Lund (1)

(1) New Energy Technologies Group, Department of Applied Physics, Aalto University School of
Science: Espoo/Finland;

() Faculty of Physics and Flectronic Science, Hubei Uiniversity, Hubei'China;

Metal exsolved electrode infiltrated in 8YSZ electrolyte

with porous scaffold produced by hybrid 30 printing (B1302)

Maritta Lira (1), Natalia Kostretsova (1), Simone Anelli (1), Alex Morata (1), Marc Torrell (1),
Albert Tarancon (1,2)

(1) IREC, Catalonia Institute for Energy Research; BarcelonalSpain;

(2) ICREA; Barcelona'Spain;

09:30 A14: Other Fuels B14: Lifetime Assessment & Advanced Characterisation

09:30

N&45

10-00

10:15

Ammenia as a fusl for SOFCs - Cracking kineties of ammenla over NUYSZ (A1401)
Claudia Goehel (1), Omid Babaie Rizvandi (1), John Bagild Hansen (), Henrik Lund Frandsen
(1), Anke Hagen {1}, Peter Wang Hendriksen (1)

(1) DTU Energy, Technical University of Denmark; Kongens Lynghy,

(2) Haldor Topsoe A75, Kongens/Lyngby,

Ammenia fusled SOFC for shipping — The Asgir preject (41402)
Anke Hagen, Riceardn Caldogno, Xiufu Sun
Technical University of Denmark, DTU Energy; Lyngby/Tenmark;

Effect of metal dopamts (Sn, Ag, Cu) on the electrochemical performance and carbon
resjzranes of the blagas sperated IT-S50FC anades (A1403)

Zeyu Jiang, Kun Zhang, Abigail Smowdon, Bemardo Sarmuf, Ahmad El-kharouf, Robert
Steinberger- Wilckens

Centre for Fuel Cell and Hydrogen Research, School of Chermical Engmeenng, Unneersity ol
Barmmgham, BeminghamdlIK,

Impedance analysis of chlorine poisoning on nickel-ceria anode of solid oxide fuel cell
operated in H; and biogas {A1404)

M.J. Escudero, JL. Serrano, T, Gonzabez-Ayuso

Energy Department, CIEMAT, MadndSpan,

10:30 Break - Ground Floor in the Exhibition

Morning - Luzerner Saal

A15: SOC Integration & Energy System Perspectives

Friday, 8 July 2022

Lecal investigation of a segmented reversible-S0C:

Performance mapping and durabllhy analysis supported by

slectrechemical medelling and post-mortem charasterization (B1401)

Hamza Moussaoud (1), Audrey Wesaly (1), Stefan Diethelm {1,2), Gerald Hammerschmid (1),
Zacharie Wuillemin (2), Dario Montinan (3), Jan Van herle (1)

(1) Group of Encrgy Materials, Ecole Polylechnique Fédérale de Lausanne/Switzerland;

(2) SOLIDpower SA, Yverdon. les-BainsiSwitzedand;

(3) SOLIDpower = p.A., Mezzolombardo/taly,

¥-Ray synchretren naneprebe charasterization

of diffusian barrisr layars far avaiding degradatan In SOFCe aged far 140000 (B1402)
Lucile Bernadet (1), Jaime Segura (2), Dario Montinaro {3) Marc Toerell {1), Alex Morata (1),
Albert Tarancan (1.4)

(1) IREC, Catalonia Institute for Energy Research, Dept of Advanced Materials for Energy
Apphcabons, BarcelonaSpan,

(2) 10168, European Synchrotron (EXHF ), Grenoble/France,

(3) SOLIDPower SpA, Mezzolombardoyttaly;

(4) ICREA, Darcelona’Span,

Hanoscale ¥-ray absorption spectroscopy

at the NI K-sdge an salid axide slactralysiz call (B1403)

Aline Léon (1), Jule Villanowa (2), Sabine Schlabach (3)

{1} Eurcpean Institute for Energy Research, Karlsruhe/Germany,

{2) ESRF —The European Synchrolron, Gremoble'France,

13} Karksruhe Institule for Technology, Instiule for Appled Matenals, Kartsrube NMano Mcro
Fachity and Institute of Nanolechnology, Eggensten-Leopoldshalen/Gemmany

Modelling and experimental investigation of a reversible SOC using

Total Harmonic Distortion Analysis as an advanced online manitoring tool (B1404)
Gerald Hammerschrmd (1, 2), Hamza Moussaouw (1), Vanga Subobe (2), Jan Van herle (1)
(1) Group of Energy Mater Ecole Polylechnique Fédorale de Lausanne Switzerland,
{2) Institute of Thermal Engineering, Graz University of Technology, GraefAustna,

Auditorium - Morning

B15: Advanced Characterisations

11:00

12:00

12:30

Comprahansive alectrochamical analysis of 2150 kW reversible 50C system
installed at a power plant Mellach in Austria (A1501)

‘Wanja Subotic (1), Benjamin Kanigshofer (1), Michael Hober (1), Chrstoph Hochenawer (1),
Markus Koroschelz (2), Martn Hochieliner (2), Jrg Brabandt (3), Jens Baumgartner (%)
(1) Institute of Thermal Enginesering, Graz University of Technology, GrazfAusiria,

{2) VERBUND Thermal Power GmbH; Wildon/Austria;

(3) Sunfire GmbH, DresdenGermany,

WindZHydrogen via solid oxide slestrolysis (A1502)

Ming Chen (1), Jens Hagh (1,2), Peter Blennow (2), Xiufu Sun (1), Yi Fong (3), Christopher
Graves (14}

(1) Department of Energy Conversion and Storage, Technical University of Dienmark;

(2} Topsoe ASS, Haldor Topsee, Lyngby/Denmark; (3) Depament of Electrical Engineering,
Technical Uniy of Denmark; Lyngby/Denmark (4) Moon Energy Inc | Falo Alta, Califomnia, LISA

Demeanstratien and Scale-Up of High-Temperature Electraly sls Sy=tems= [(A1503)
Kaonstantin Schwarze, Thamas Geilller, Rebert Blumentritt
Swunfire GmbH, 2 Gacanstaltstraite, Dn01237 Dresden/Germarny

Owperation strategy of the four-type energy supply system with S0FC: Focusing on CO;
enrichment for smart-farm application (A1504)

Gwangwoo Han (1), Kyoung-Ho Lee (1), Wang-Je Lee (1), Young-Sub Ahn (1), Hong-Jin Joo
{1}, Jong-Eun Hong (2), Dong Woo Joh (2], Hye-Sung Kem (2), Seung-Bok Lee (2), Tak-Hyoung
Lum {2}, Seok Joo Park {2), Rak-Hyun Song (2)

(1) Renewable Heal Integration Laboratory, Korea esbilute of Energy Rescarch,

(7} High Temperature Energy Conversion Laboratory, Korea Institute of Energy Research,
Daejeon'South Korea

Frocess Development of Synthetic Liquid Fuel Production with Solid Oxide Electrolysis
Cell and FT synthesis {A1505)

Yohe Tanaka (1), Tomohro Ishryama (2), Katsubiko Yameag (2)

Nabonal lrstilbute of Advanced Industnal Saence and Technology (AIST).

(1) AIST East, IbarakiJapan;

(21 AIST Central 5, Ibaraki'Japan;

Optimal design of SOFC-based cogeneration systems for the building sector {41508)
Faolo Marocco, Marta Gandigho, Massima Santarell

Department of Energy, Folfeomco d Tormo, Tormo/Haly,

A SOFC working In an Envirenmantal Transmission Electron Microscops (B1501)

Q. Jeangras (1), M. Bugnet (2), T. Epicier (2.3} G Franiz (4) 5. Diethelm (4). D Montinara (5), E
Tyukalowa (6), ¥ Pivak (T}, J Van herde (4) A Hescler Wiyser (1), M. Duchamp (6 8}

(1) Photovoltares and Thin-Filim Eleclronics Laboratory (PVLab), Ecole Polylechmgue Fédérake
de Lausanme (EPFL), NeuchdtelSwitzerland,

{2) Univ Lyan, CNRS, INSA-Lyon, LICBL, MATEIS, Villeurbanno/France;

{3} Urev Lyen, UCBL, IRCELYON, Villewbanne'France,

{4) Group of Encrgy Malenals (GEM), Ecole Folylechnigue Fédérale de Lausanne (EPFL)
Sion/Switzerand;

(5) S0LIDpower 5.p A . Mezzolombardo/aly;

(&) Lab. for in situ & operando Electron Nanoscopy, School of Mater. Sci. and Engineer.,
Nanyang Technological University (NTL), Singapare;

{7} DENSsolutions, DelftiThe Netherlands,

(8) MajuLab, Intermational Joint Research Unit UMI 3654, CNRE, Unive
Sorbonne Université, National University of Singapore, NTU, Singapare;

e ' Aczur,

Study of the oxygen diffusion Behaviour of (La, ;5 )y S Fegs0a,

A-zlte deflclent perovskite oxides In humid condhitions (B1502)

Zijie Sha, Fleanora Cali, Fonghao Shen, Foaterina Ware, Gwilherm Kerherve, Stephen .
Skinner

Department of Materials; Imperiad College London, London/UIK_;

Ouygen diffusion and surface exchange coefficlents determined under high pressure:
Comparizans barween axygen deflelent

we, axygen over-stolchlometric alr slectrods materials (B1503)

Jérdme Laurencin (1), Aurélien Flura (7)), Giuseppe Sdanghi (1,2), Sébacstien Fourcade (2),
Waibhav Vibhu (3), Jean-Paul Salvetat and Jean-Marc R: ()

i1) CEA Grenoble, DHT/LITEN/DTEBHSCEH, Grenoble/France,

(2) CNRS, Univ. Bordeaux, PessaciFrance,

3) Ierstitute of Energy / Climate Rescarch, IEK-9, FZ) GmbH, Julich/Germany,

(4) CNRS, Flacamat, UMS 3626, 33600 Pessac/l rance;

Investigation of a solid oxide electrolysis cell

poisoned by sulfur using lock-in thermography (B1504)

Guillaume: Jeanmonod (1), Jan Van herle (2)

1) Hydre-Quebes Research Insblule (IREQ), Varennes/Canada,

(2) Group of Energy Malenals, Faculty of Engineermg Soence, Swon/Swilzerland,

Development of Lag 1aSrs s TisasMis 240s 4 model electrodes

and characterization with EIS and NAP-XPS (B15605)

Mast Amnsaw (1), Kuno Keoser (2), Margus Kodu (2), Glen Kelp (2), Tavo Romann (1), Prat Maller
1), Tanel Kdambre (2), Michael Havecker (3), Enn Lust (1), Guonar Nurk (1)

(1) Institute of Chemistry, University of Tartu.; TartwEstonia; (2) Institute of Physics, University of
Taru.; TarwEstonia; (3) Helmholtz-Zentrum Berlin, Berlin/Gemany

Current interruption technigue for the invectigation of colid electrolyte electrolysis cells (B1506)
Marna Bockelmann, CUTEC Clausthal Research Center lor Ermvronmental Technologes, TU
Clausthal, Clausthal-ZelerteldiGSemmany,

Lunch & Coffee - 2" Floor on the Terrace & still open the Poster Area on the 1™ Floor
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Afternoon - Luzemer Saal

A16: Products, Demonstration & Novel Concepts

Friday, & July 2022

Auditorium - Afternoon

1230 Large Stack Module and System Development for SOFC, SOE and Reversible Operation in
Industrial Frocesses (A1601)

Lachane Wullemm (1), Flonan Waeber {1), Cédne Bectschen (1), Yannk Antoneth (1), Fabnce
Scharer (1), Flonan Denéve (1), Thesry Comu (1), Gabnele Prospen (1), Antonedlo Nesc (1),
Massimo Berloldr (2), (1) SOLIDpower B4, Yverdon-les-Bams/Swaleerland, (2) SOLIDpower
SpA; Mezzolombardod/italy;

Evaluation of a hybrid SOFC & battery genset for cruise ship applications {A1602)
Matthers Metben (1), Sanbago Salas Ventura (1), Dek Ullmer (1), Marc P, Heddnch (1), Cemn
Unlisbengr (23, Stefan Diethelm (3), 5. Asd Ansar (1), (1) German Aerospace Cenler (OLR),
Ievsttule of Engmecrmg Thermodynamics, Stullgar, {2) BWTH Aachen Universaly, Ioestule To
Fower Electronics and Electnical Drives (ISEA), Chair tor Electrochemical Energy Conversion
and Slorage Syslems, Aaschen, (3) SOLIDpower SA, Yverdon-les-Bans,

C2FUEL Solid Oxide Electrolyser Demonstration System (A1603)

Timio Lehtmen, Math Noponen

Elcogen, Vantaa/Finland,

13:45

14:00

Electrathermal balanced operation - A new operation methoed for improved SOEC
performance (A1604)

Soren Heygaard Jensen (1,2), Anne Lyck Smitshiesen (1), Samuel Simon Araya (2), Smon
Lehnart Sahlin (2), Xiacti Cui (2}, Chris Graves (1), Theis Loye Skafte (3), Henrik Lund Frandsen
(4), Omid Babaie Rizvandi (4}, Anne Hauch {4), Mogens Mogensen (4), John Begild Hansen (5)
(1) DynLlectro ApS; Sjaeland; (2) AAL, Department of Cnergy. Aalborg/Denmark; (3) Noon
Energy Inc. CALSA; (1) DTU, Department of Energy; (5) Haldor Topsoe AMS. Lynghy/Denmark;

Results of 200kw SOFC power generation using biomethane gas from wastewater
treatment process (416805}

Kimito Kawamura (1,2), Toshihiro Oshima (2), Tsutomu Kawabata (2), Shunsuke Taniguchi (2),
Tormomasa Randa (1), Kazunan Sasak (2], (1) Asabn Qualty and nnovations ., (2) Kyusha
University Bex-Ceneration Fuel Cell Research Center; Fukuaka-shilFukuokalJARAN;

14.20

Commercial-scale SOFC systems (ComSos) (A1606)

Jari Kiviaha (1), Aki Nieminen (1), Markus Munch (2), Flonan Waeber (3), Stefano Modena (4)
Marssimo Sanlarel (5), Marla Gandigbo (5), Jevoen Buunk (B), Aren de Jong (8), Tuomers
Hakalka (T)

(1IVTT Technical Research Centie of Fmland Ld, EspooFmland,

{2) Bunfwe GMBH, (3) SohdPower SA, (4) SolidPower Spa,

Reaction mechanisms of mided ionic and electrenic conductors used as

oxygen electrodes in Solid Oxide Cell: focus on La, Sr . Co ,Fe 0, and La,NiQ,.; (B1601)
Lydra Yelsah (1,2), Guseppe Sdanghn (2,3), Guseppe Sassone (2), Jean-Marc Bassal (3,
Maximie Hubert {2), Elrsabeth Ojorado (1), Jérdme Laurencm (2)

(1) Unv, Grenoble Alpes, CNRE, LEFMI, Grenoble/France, (2) Univ. Grenoble Alpes, CEA-
Liten, DTCH, Grenoble'France; (3) CNRS, Univ. Bordeawx, ICMCB, Pessac/France;

Microstructural opti of the hydrog k cls

for solid oxide cells by a multiscale modelling approach (B1602)

Manon PRICUX (1), Eduardo DA ROSA SILVA (1), Maome HUBERT (1), Juben VULLIET (2),
Jérdme LAURENCIM (1)

{1) Univ. Grenoble Alpes — CEALITEN, Grenoble/ rance;

(2) CEA, DAM, Le Fapault, Monts/F rance,

Development of a Fluid-Electrochemo-5Stress Coupled Simulation Method

for SOFC Degradation Prediction {B1603)

Mayu Muwamatsu (1), Mesami Sato (2), Reika Nomura (3), Kenjiro Terada (3), Kegi Yashino (4),
Tatsuya FKawada (4), Haram Yokokawa (2], (1) Department of Mechamcal Engmeenng, Keo
Universily, Yokohama!Japan, (2) Graduale School ol Engineermg, Toboku Uninversity,
Sendaillapan; (1) International Research Instiute of Dizaster Science, Tahoku Liniversity;
SendailJapan; (4) Graduate School of Environmental Studies, Tohoku University; SendailJapan;
{5) Institute of Industrial Science. the University of Tokyo: Tokyo'Japan.

Advanced linkage of multi-physics modelling

towards experimental impedance spectroscopy (B1604)

Julan Taubmann, Xy Sun, Omid Babae Revands, Hennk Lund Frandsen

Department of Energy Conversion and Storage, Technical University of Denmark;
Lyngby/Denmark;

DFT study on elementary reaction pathways for La,_5r,CoyFe, O, electrode material [B1805)
Cintia Hartrnann (1,2 3), Grégory Geneste (1,2}, Jérdme Laurencin (3}

(1) CEA, Arpajon/France;

(2) Universie Pars-Sacksy, CEA, Laboratore Maligre en Conditions Exlrémes, Bruyeres-ke-
Chatel'France: (1) Univ. Grenoble Alpes - CEA/LITEN; Grenohle/France;

Modelling of an RSO with Open Source Tools [B1606)

Maximilian Hauck (1), Macamilian Schmid (1), Stephan Herrmann (1), Burak Polat (1), Benjamin
Stewnedeken (1), Lus Poblolck (1), Fehx Frscher (1), Jeremas Waonnch (2), M. Gadener (2),
Hartrmut Splsethoff (1)

{1} Techrecal Unmnversdty of Mumich, Char of Energy Systens, Garching/Deulschland,

{2) Techrocal University of Mumich, Regeneratve Energy Systems, Straubmg/Deutschiand,

15:00 5 Min to change from Session B16 to Luzerner Saal for Plenary Session A17

Afternoon - Luzemer Saal Friday, 8 July 2022

A17 - P2: Closing Ceremony

Keynote by the EFCF Gold Medal of Honour Winner 202

Summary by the Chairs (A1T01)
Julie Mougin, Jérdme Laurencin
CEA-Liten, Grenoble/Framce
Infarmatien an Maxt EFCF:
EFCF 2024 18% European SOFC & SOE Forum
EFCF 2023 10™ FC, Electrolyser & H, Processing Forum (A1702)
Michawel Spirig (1), Albert Tarancaon Chair 2024 (2), Ofivier Bucheli (1)
{1) European Electrolyser & Fuel Cell Forum, Lucerme/Switzerland,
(2) IREC Catalonia Instiute for Energy Research, Sant Adria de Besds/Spanien
Christlan Friedrich Schénbein Award
for the Best Poster, Best Science Contribution, Medal of Honour (A1703)
Jérdme Laurencin, Julie Mougin
CEA-Liten, Grenoble/France
KE: Advanced tools and pts for inv ing electrode ki
Jurgen Flewg, EFCF Gold Medal of Honour Wnner 20222
Institule of Chermcal Technologres and Analybics, TU Wien, Vienna'Ausina
Thank yeou and Closing by the Organizers (41705)
Divier Bucheli, Michael Spirig
Furopean Flectrodyser & Fuel Cell Forum, | urerm/Switredand

End of Sessions - End of Conference
Good bye coffee and travel refreshment in front of the Luzemer Saal

15:30

ics in SOCs (A1704)

16:15
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Test beds, Tools and Instruments for Advanced SOFC Research and Development (A030T)
Wikrant Venkatzeaman

Instrumentabion & Tesl Systems Department, Fue Cell Business Unil, AVL List GmibH, GrasfAustng
Fuel Cell Innovatlons: An example of srrateglc Industrial cooperation between Asla and the
MEMA reglan for the Industrializatien of hydrogen and fuel cells. (A0308)

TaeWon Lee

Fuel Cell Innovations; Dagjeon/South Koreg;

Current status of Ceres electrolysis pregramme (AQ309)

Per Hjalmarzson, Jon Harman, Amin 7erfa, Chandra Mackuley, lan Methley, FHacib Benaigsa,
Caroline Hargrowe:

Coeres, Power, Horsham/United Kingdom

Performance and durabllity of 3YSZ electrolyte supported call and stack operated in steam
alectrolysis and co-slectrolysis (ADS0T)

Aline | &on, Cahit Renel, Alexandria Dritschler

Furopean Instiute for Fnergy Research; Karlsruhe/Germany;

SOFC stack development at INER [A0608)

Hurig-Hsiang Lin (1), Szu-Han \{f;u). Yisding W (1), Chun-Liang Chang (1), Yung-Nerg Cheng

(1), Chien-Kuo Liu (13, i Lee (1), Wei-Hsun Hsu (2), Hoei-Long Lee (2)
ca)mdﬂmwMTwcmmmocr
{2} Porite Taiwan Co, Ltd ; Miaoli County/Tawan (R

Combining SOEC and biomass gasification for synthesis of methanal; use of purge gases on
the oxygen electrode and their impact on cell durability (ADB0OT = AOBO3)

Peter ¥, Hendnksen (1), Belma Talc (1,2), Jenws V. T. Hagh (1,3}, P. Blennow (3), . Kingars (3],
B, Chemn (1) X Sun (1), J. Ahrenfedde (4), U, B. Heneiksen (4), W -R. Kicbach (1)

{1} Depariment of Energy Conversion and Storage, Technical University of Denmark;

(2) Smilef, Department of Suslanable Cnergy Technology, Morwiy |

(3) Haldor Topsee AT, Denmark, (4) DTU Chermical Engmestng, Techmcal Unnversty of Denmark,
Experimental Report an Gal tatle Op fan af Electralyte-5 d Stacks for High
Temperature Electrolyzis [A0B08)

Jerome Aicart (1), Lioned Tallobre (1), Alexander Surrey (2), Denrs Reynaud (1), Jule Mowsgn (2)
(1) Unev. Grenoble Alpes, CEA, Liten, Grenoble'France, (2) Sunfire GmbH, Dresden!Germany,

PVD Gel-dopad Cerla Layers for Electrolyts Suppored SOCs: Stack Test (A0809)

Fenq Han (1), Michael Lang (1), Patic Szabo (1), Christian Geipel (2), Christian Walter (2), Rémi
Ceosta (1)

(1) mstitute of Engmesing Thermodynamics, German Acrospace Cenler (DLR), StultgartiGermany,
(2} Sunfire GmbH, Dresden'Germany,

Long-term Degradation Analysis of SOFC Performance (2) (AD810)
Koichi Asann, Takumi Imahayashi, Akifumi ldo, Hireshi Morita, Tohru Yamamaoto, Yoshihiro
Mugikura; Central Research Instiute of Flectric Power Industry (CRIEPT); Kanagawallapan;

The influgnce of LSCF sintering atmosphere on the fermation of impurity phases and stack
parformance (A0807)

Christian Dellen (1), Qingping Fang (1), Nikolaos Margaritis (), Michasl Muller (1), Norbert H
Menzler (1)

(1) Forschungszentrum Julich GmbH | Institute of Energy and Climate Research {IEK);
JibchiGermany, (2) Forschungszentrum Johch GmbH, Central Instdule of Engineermg, Electromcs
and Anatylics, JuBchiGemmany,

Pre-reforming of liguid fuels far utilizatian in commercial SOFC systema (A1107)
Tobias Schiekel, Elmar Pohl
OWI Science for Fuels gGmbH; Herzogenrath'Germany;
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Influence of La-5r balance and A-site deficiency on surface chemistry

of [LayySry)oCro sMny 45Mis 0504.0 s0lid oxide cell electrode (BO207)

Incirek Kawi (1), Owve Korus (1), Jaam Aravah (2), Prol Woller (1) Gunnar Nurk (1)

11} Institute of Chemstry, Unversdy of Tarlu, TarlwEstomna,

{2) Institute of Ecology and Earth Sciences, Unnnersity of Tartu,, Tartud Esloni,
Physical and Electrachemical Characterization of Lag 525, 30C 2, Th aolly o0, 50,0, 4
{x =0.40,0.45; y=0...0.05) Solid Oxide Cell Fuel Electrodes (B0208)

Iartin Mande (1), Jaan Aroveil (2), Manan Edlaee (2), Enn Lust (1), Gunnar Nurk (1)
(1) Institube of Chemestry, Universdy ol Tarlu,, TarlwE stoms,
{2) Inshitute of Ecology and Earth Scrences, Umversity of Tartu,
Synergistically improved in-situ exsolution catalyst

wia NiFe alloy nano particles on perovskite electrode scaffold [BO208)

Hywongwon Jeong, Jae-ha Myung

Dhepl. Matenals soence and engineening, Incheon nabional unwersity, Incheon®South Korea,

Il of dep en reslistance in AS-S0FCs betwesen doped cerla & ¥SZ (B0210)
Alexander Schwiers, Christian Lenser, Olivier Guillon, Norbert H Menzler

Forschungszentrum Jilich GmbH, Institute of Energy and Climate Research (IFK), IEK-1- Materials
Synthesis and Processing; JuehichiGermany,

Ammenia fuslied-Solid Oxide Fusl Cells:

Architecture for suitable anode based on Ni exsolution in titanate [E0Z11)

Jonathan Cavazzani (1), Enrica Squizzato (1), Elena Bruzamarella (1), Antonella Glisenti (1,2)

{1} Depariment of Chemical Sciences, University of Padova; Padovalliaty;

{2) CNR-ICMATE, Padavalltaly;

Tanuw/Eslons,

pry

Exsolution of Ni-Ru bimetallic nanoparticles

from A-site deficient lanthanum nickel ruthenium double perovskites (B0212)

Jia Gue (1), Rengsheng Can (2), Stephen J Shnner(1)

(1) Department of Materiale; Imperial College Landon, London/IK;

{2) Department of Materials; University of Manchester, Manchester/UK:

Nickel free fuel el des for GO, el lysis (BOZ13)

Veronika Redkova (1,2), var Wasmbus (1), Nekson Thambireg (1), Mana-Elefthena Farmalka (3),
Kalliopi-Maria Papagzisi (3), Dimitrios Tsiplakides (3}, Stella Balomenou (3) Brandon Buergler (4)
(1) Clara Venture Labs, BergenMorway;

(2) Department of Inugan«: technology, UCT Prague, Prague &/Czech Republic; (3) Chemical
Process and Enengy Rescunces Institute, Centre for Research and Technology Hellas (CPERI
CERTH), ThessalonikiGreece; (4) Furopean Space Agency (ESA), MoordwijioThe Metherlands;
Finding the optimum loading of Au & Mo in NiQIGDC

and the influence of Fe for the reversible operation of solid oxide cells {E0214)

Folios Zaravehs (1,2), Stylanos G, Neophybdes (1), Danines K. Nekolas (1)

(1) Foundation for Research and Technalogy, Institute of Chemical Fngineering Sciences
(FORTHAICE-HTY, Patras/Greece; (2) Dep. of Chemical Engineering, University of Patras, Greece;
Exsolution of palladium nanoparticles from A-site layered double perovskite PrBaMn, 0y, (B0215)
Hitska VarsLam (1), Inyountg Jang (2), Eleonora Cah (1), Geolfry H. Kelsall (2), Stephen J. Skinner (1),
Sraprakash Sengodan (1) (1) Depafment of Matenals, Impenial College London, London/UK

(2) Department of Chemical Engineering, Imperial College London, London/ UK

The Europaan project NewS0OC

Mext Generation Solid Oxide Fuel Cell and Electrolysis Technology at midterm (B0307)
Anke Hagen (1), Jerome Laurenn (2), Juben Vullel (3), Nunzia Coppola (4), Lugn Mardato (4),
Prerpaclo Polvenino {4), Giovann Carapelia (5), Fobos Zaravels (8), Charalampos Neolyhides (8),
Evangelia loannidou (8), Stylianos Meophytides (8), Dimitrias K Niakolaz (8), Stella Balomenoda {T),
DCimitrios Tsiplakides (T), Kalliopi-Maria Papazisi (7), Claire Ferchaud (8). Frans van Berkel (8);
(1) Fysikvg B., LynabyDenmark; (2) Univ. Grenoble Alpes, CEALITEN, Grenoble/France; (3}
CEADAM, Morts/France; (4) Dipartimento di Ingegneria Industriale DIN, Universita degli Studi di
Salerno, Fisciano{SA)Raly: (5) Dipartimento di Fisica"F B Caianiela® Universita deqgli Studi di
Salerno, Fisciano{SA)ltaly; (6) Institute of Chemical Engineering Sciences, Foundation for
Research and Technology-Hellas (FORTH-ICEHT), Patras/Greece; (7} Chemical Process and
Energy Recources Institute/CERTH, ThescalonikifGreece; (2) THO, MNetherlands Organization for
Applied Scientific Research, Petten/The Netherlands;



Investigation on Additive Manufactured High Temperature Alloys

for SOFC Components (A1108)

Dagmar Kuckelberg, Elmar Pohl, OWI Science for Fuets GmbH, HerzogenrathiGermany,

Solid oxide fusl c#ll — Internal combustion #ngine hybrid system fusled by ammaenia (A1109)
Minkyoung Park, Wonjae Choi

Division of Mechanical and Biomedical Engineering, Ewha Womans University, SeouliSouth Korea:
Solid Oxide Fuel Cell Systems for decentralized, hydrogen based power generation (A1110}
Raphael Neubauer, Bernd Reiter, Martin Hauth;, AVL List GmbH, Graz/Austna;

Operation of Co-S0EC reactors for syngas preduction utilizing CO. from air (A1111)

Marws Tombeng (1), Marc P. Heddnch (1), Dk Ullmer (1), 5. Asd Ansar (1), K. Andreas Frednch
(1,2}

[1) German Acrospace Center (DLR), Insblule of Engineening Thermodynamecs, Stullgart,

(23 University of Stuttgart, Institute for Building Fnergetics, Thermatechnodogy and Energy Storage;
Stuttgart,

Advanced Sorbents for Desulfurization and Purification of Natural Gas, LPG and Biegas
Feedstocks (A1112)

Tiokhan Alpbekin, Sulfalrap LLC, Colorado/Uniled States,

Frem protetype. prove of concepts, towards reliable serial design and rebust preduction
processes for SOFC and SOEC Hot Balance of Plant systems. (A1113)

Jean-Paul Janssens (1), Michel Dubursson (2)

(1) R&D BOSAL Enevgy, Lummen/Belgurn,

{2) BOSAL Energy Conversion Industrees, Vianen/The Netherdands,

Techne-economic avaluation of hydrogen preduction via solid oxide #lectrolyser pawered by
solar energy (A1114)

Yumeng Zhang (1), Legang Wamng (1), Jan Van herle (2)

(1) Innovation Research Institute of Energy and Power, North China Electric Power University;
Bemg/Chana,

(2) Group of Energy Malerials, Swiss Federal Institute of Technology in Lavsanne,
BonSwitzesland,

Dwevelopmaent and validation of a reversible prototype system to test 1.5 kW SOC stacks
{A1115)

Lucile Bernaded (1), Lila Sutac (1), James Zapata (2), Mana Serra (3),

Jaume Rogueta (2), Mare Toerell (1), Alberd Tarancan (1,3}

(1) IREC, Catalons Imstilute for Encrgy Rescarch, Dept of Advanced Matenats for Energy
Apphcations, Sant Adna del Besds,

(M AESA (3) IRI, CSIC-LUPCC, (4} ICREA, DRO1D BarcelonalSpain

Manalithic Solid Oxide Cells by 3D printing (A1207)
Natala Kostrelsova (1), Smone Anell (1), Mare Nufiez (1), Alex Morata (1), Mare Toroedl (1), Albert
Tarancén (1,2)

{1) Cataloma Institute for Energy Research;, Barcelona/Spain;

2) ICREA, BarcelonalSpaan,

ReScale; Large scale manufacturing of Solid Oxide Cells (A1208)

Anne Lyck Smitshuysen (1,2), Seren Hejgaard Jensen (1,3), Karsten Klemens Hansen (1), Bhaskar
Reddy Sudireddy (2), Hennk Lund Frandsen (2)

{1} Dyntlectro ApS, Viky Sjaelland,

§2) 0TU, Departiment of Energy Conversion and Storage, Lyngby, (3) AAU, Department of Energy,
Aalborg;

Hybrid additive manufacturing fabrication of symmetric solid oxide cells {A1208)

Simone Aneldl (1), Massimo Rosa (2), Fedenco Bawth (1), Marc Torredl (1), Vincenzao Espasita {3),
Albaxrt Tarancon (1.4)

{1} Catalonia Institute for Energy Research (IREC), Department of Advanced Materials for Energy,
BarcelonaSpan,

{2} GBU Pedormance, Brambo 3.p. AL CurnadRaly,

{3} Depariment of Energy Convergion and Storage, Technical University of Denmark;
Lyngby/Denmark; {(4) ICREA, 08010 Barcelona'Spain;

Cu-doped lanthanum strontium titanate: copper exsolution to realize an efficient anode for
direct methane-Solid Oxide Fuel Cells (A1211)

Jonathan Cavazzani (1), Victor Longo (1.2), Enrico Squizzato (1), Antonella Glisenti (1,3)

{1} Department of Chemical Sciences, University of Padova; Padova/liaty,

{2) Department Chebhiol ardm, ERIC arsbl and CASPE/NS TM, Universaly of Messmia, Messina/ltaly,
{3) CNR-ICMATE , Padava/italy;

Fabrication of Sc and ¥ co-doped Zr0; selid electrolyte thin film

on a porous electrode substrate via simple drop-coating method for IT-S0OFCs (A1212)

Dl Mhar Alfeche, Hnlee Bulch M. Cervera

Energy Storage and Conversion Materials Research Laboratory, Department of Menng,
Metallurgical, & Materials Engineering; Universiy of the Philippines Diiman, Quezon
City/Philippines;
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Investigation of LSF as an anode material for SOFC (B0308)
Buse Bilbey (1.2), M. Imran Asghar (2), Leyla Colakerol Arslan (3}, Peter D. Lund (2}, Aligul
Baydkaksoy (1)
{1} Department of Matenals Soence and Engineenng, Gebeze Techrecal Universily, Gebze,
Kocael Turkey,
{2) Neew Energy Technologess Group, Aalto Universily School of Soence, Aallo, Espoofintand,
{3) Department of Physics, Gebee Techneal University, Gebee, Kocaelh'Turkey,
Pr- and Co-substitution in rare earth nickelates - application as SOEC air electrodes (BO303)
Andreas Lgger, Sarah Eisbacher-Lubensky, Kathnn Sampl, Edith Bucher, Wemer Sitte
Montanuneversdact Leoben, Char of Fhysical Chemestry, Leoben/Busine,
Innawvatlve RF-zputtering technigus far the realizatlon of the sathede/slectralyte barrier layer
on high performance large area Industrial 50FCs (B0310)
MNunzia Coppola (1), Hafiz Sami Ur Rehman (1), Pierpacle Potverino (1), Gievanni Carapella (2},
Dario Meninaro (3), Francesca Martinelli (3), Alice Galdi (1), Cesare Pianese (1), Luigi Maritato (1)
{1) Drpawtemento dh Ingegnena Indusinale DIN, Unreersita degh Sted di Salerna, Frscanol 5S4 ) Maky,
{2) Dypawtamento di Fraca "E.R. Casamelio®, Universitd degh Stud di Salemo, Frcanol SANLaly,
{2) SOLIDpower 5.pA, Mezzolombardo {TNWILaky,
Investigation of infiltrated YSZ backbone electrodes
at Intermediate temperature range (B0311)
Barlosz Kamecks (1.2), Yun Xe (2), Xsaoleng Tong (2,3), Fiolr Jasmsk (1), Sebasbian Maolin (1),
Mg Chen {2)
{1) Labaralory of Funchional Matenals, Gdarsk Uneversidy of Technology, Gdansk/Fokska,
{2) Department of Fnergy Conversion and Storage, Technical University of Denmark;
Lyngby/Denrmark,
(3} Innowation Research Institute of Enerqy amd Power North China Flectric Power University,
Beijing/China;
La;NiOy.s Thin Films with Cuh.llm:ll Manastructure

Enh d Oxygen Exch ics (B0312)
Adeet Riaz (1,2), Alexander S[mlgl (1), Laettsa Hapenne (1), Carmen Jiménez (1), Mchel Menmoux
{2}, Manica Burriel (1)
{1} Univ. Grenoble Alpes, CHRS, GrenobleFrance,
{2) Univ. Grenoble Alpes, Univ. Savoie Mant Blanc, 38000 Grenotle France:
Investigation of the effect of modulated structure
on ion transport in Mo doped LaNbOa& (B0313)
Yidong Han, Stephen Skinner,

Department of Matenals, Extubition Road, Impenal College London, London/UJK,

Electrochemical characterization of the high entropy perovskite La, Pr, Nd, .Sm, ,Sr, ,Co0,,
for solid oxide cell air electrodes (BO314)

Patrick Pretschuh (1*), Edith Bucher {1}, Andreas Egaer (1), Fereshteh Falah Chamasemani (2},
Raotand Brunmer {2}, Werner Sitte (1); (1) Montanuniversitaet Lecben, Chair of Physical Chemistry,
Lecben/Austim, (2) Malenals Center Leoben Forschung GmbH, A-8700 Leoben

High sntrapy axidas az noval slectrods materials far SOCs (BO315)

Antonio Maria Azensio (1), Lucile Bermadet (), Simon Schweidler (3), Miriam Botros (3), Marc
Torredl (2}, Antonia Barbucci (1), Albert Tarancon (2 4)

(1) UNKGE, Unsversia degh Stud) di Genova, Depl Chermscal, Coal and Environermental Engineering,
Genovallaly, {2) IREC, Calalorsa Instilute Tor Energy Research, Dept of Ad. Matersals lor Encrgy
App., Barcelona/Spain; (3) KIT, Karisruhe Instiiue of Technelogy Instiute of Nanotechnology,
Eggenstem-Leopoldshalen/Germany, (4) ICREA, BarcdonalSpam

Hanoflber-based composite electrodes

for application in intermediate temperature solid oxide cell (B0316)

Caterina Sanna (1), Enrico Squizzata (2}, Peter Holtappels. (3), Antonella Glisenti (2), Paola
Corslamagna (1)

(1) Department of Chemestry and Industrel Chemstry, Umversdy of Genoa, Genoalltaly,

{2) Department of Chermcal Seeences, Unmversity of Padua, Padualtaly,

(2) Department of Energy Conuemon and Storage, Technical Uni of Denmark; Lyngby/Denmark;

Ci L is of marine SOFC system for alternative fuels (B080T)
El-r:ncnd van Vck:lhulzcn [1:, Llndcﬁ vzn Biert (1), Klaas Visser (1), Aravind Purushothaman Vellayani
(2), Hans Hopman (1), (1) Delll Unversily of Technology, Delfl, (2) Ui of Gromngen, Gromngen,
A Fazr Opan Sourcs Salld Oxids Call Stack Madal In Pythan (E0S08)

Nicodas Kruse, Roland Peters

Forschungszentrum Julich GmbH, Instifite of Energy and Climate Recearch; Julich/Germany,
Solid Oxide Electrolysis Cell Reliability Analysis Using Modeling (B0B09)

Jie Bao, Naveen Karri, Brian Koeppel, Olga A. Marina

Pacific Northwest National Laboratory, W ashington/USA;

Hot Stand-by Dperation Effect of a SOFC Hybrid System

for Decentralized Power Generation in Single-Family Homes (BO810)

Laura Nousch, Mathias Hartmann

Fraunholer Instiule of Ceramic Technlogies and Syslems IK135, Dresden/Gesmany,



Fabrication and CFD medelling of a graded porous scaffold for Reversible Solid Oxide Cells
(rSOCs) (A1213)

Davide Cademartori {1), Flisa Mercadelli (7). Angela Gondalini (2), Alessandra Sanson (2), Abmad
El Kharouf (2), Robert Steinberger Wilckens (2}, Davide Clamatis (1), Antonio Maria Assnsis (1),
Maria Paola Carpanese (1)

(1) Department of Crl, Chermical and Erveonmental Engmesning, Unieersdy of Genoa (UNIGE-
DICCA), Genoalialy,

(2 Institute of Science and Technology for Ceramics, national research council (CNRASTEC),
Faenealaly,

(3) School of Chemcal Enginecrng, Unmversty of Binmimgham, Brmmgham/United Kngdom,
Planar matal zuppartsd SOFC fabricatad by lal taps eazting, canstralned
cosintering and screen-printing. (A1214)

Laura Parvaix, Pascal Lenormand, Patrick Rarier, Damien Quéné

CIRIMAT,, Unmversdé Toulouse 3 — Paul Sabatier, Toulouse cedex SFrance,

Effect of ancde thickness on thin-film solid oxide fuel cells deposited on naneporous
substrates (A1215)

Myung Seck Lee, Suk Won Cha

Senul National University; SeaulRepublic of Karea;

Direct Methane Low Temperature Solid Oxide Fuel Cells (DM-LT-S0FC): a dream come true
(A1218)

Enrica Squizzato (1), Giovanni Carollo (1), Daniele Rossi (2), Antonella Glisenti {1,3)

(1) Department of Chemical Sciences, University of Padova; Padovallialy;

(2) Pietro Fiorentini 5.p.A, Arcugnancltaly; (3) CNR-ICMATE, Padovallialy;

A hybrid sy is-fabrication for SOFCs using carboxylic composite as a novel
self-pore forming and sintering agent (A1217)

Mohammadmehd Choolael, (hong Cal, Bahman Amini Hom

Unmeersity of Surrey Stag Hill, Department of Chermical amd Process Engineermg, Facully of
Phy=zical Science= and Fngineering; Guildford/LIK;

Production and Characterisation of Tubular NiQ-ScCeSZ Solid Oxide Fuel Cells Produced by
Hot Extrusion (A1218)

Hewep Akdeniz (1), Atmad El-Kharoul (1), Robert Stemberger-Wilckens (1), Al Murat Soydan (2)
[1) School of Chemical Engmecnng, Universidy of Birmingham, Edgbaston, Birmmgham/UEK]

(2) Gebze Technical University, Institute of Energy Technologies; KocaeliTurkey,

SFE and SFS, spray processes: chemical new routes to produce disruptive materials (A1218)
Dienis Spitzer

MNS3E Laboratory, SAINT-LOUIS France,

Ammonia decompesition and utilization as fuel in solid oxide fuel cells (A1207)

Beima Talc, Fer Martn Rervik, Vegar @ygarden

SINTEF Industry, Department of Su Energy 1 ay, DsloMoreay,

Operating an SOFC single call an refarmed blogas with pariodie sulfide poizanings (A1408)
Cédric Frantz, Jan Van herle

Group of Energy Materiaks, Faculty of Engineering Sciences (STI),

Exole Polytechnique Fédérale de Lausanne (EPFL), Sion/Switzerand,

Coupling a 30FC Short Stack with an Entrained Flow Gasifier (A1409}

Benjamin Steinritcken (1), Stephan Herrmann (1), Maximilian Hauck (1), Phifipp Johne (1), Philipp
Leuter (1), Andreas Ewald (1), Lukas Fusterhofer (1), Alexander Schwiers (2,3), Christian Lenser
(2), Norbert H. Menzler (2,3), Hartmut Spliethoff (1)

(1) Technical University of Munich, Chair of Energy Systems; Garching/Germany,

(#) Forschungszentrum Jilich Gmbi, Institute of Energy and Climate Research - Materials
Synthesis and Processing (IEK-1), 52425 Julich/Germany

(3) RWTH Aachen University, Insfitute of Mineral Enginesring; Aachen'Germany,

Deep biogas cleaning for exploitation in Solid Oxide Fuel Cells: experimental and techno-
economic evaluation (A1410)

Gandigho Marla, Elena Hozn, Andrea Lanzim, Messmmo Santarelh

Depariment of Encrgy, Poldecnco di Tonno, Tonmo/Raly,

SOFC-Stack coupled with wood gasification: Influence on the Performance and Degradation
(A1411)

Fabian Grimm, Federica Torriging, Jurgen Karl

FALl Erdangen Murnberg: Lehrstuhl fur Energieverfabrenstechni; Nurnberg/Germany;

Effect of ammonia fuel on single cell degradation (41412}

Maryam Asghari (1,2), Suhas Nuggehalli Sampathkumar (1), Jack Brouwer (2), Jan Van herle (1)
(1) Ecode Polytechnique Fédérale de | ausanne (FFFL), Sion/Switzerland,

() University of California, Advanced Power and Fnengy Program; Engineering |ahoralony Facility,
Calfornia’lJSA;

The biogas-oxyfuel process as a carbon source for high-temperature co-electrolysiz and
degradation by oxidized trace contaminants {A1413)

Dominik Schater, Felix Schorm, Remzi Can Samsun, Qingping Fang, Ralf Peters
Forschungszentrum Jahch GmbH, Institule of Energy and Chmate Rescsrch J@ich/Germany
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Multiphysics modeling of high-temperature slectrolysis for SOCs on lab-scale level (S0311)
Markus Nohl (1,2), Stephanie E Wolf (1,2), Lucy Dittrich, (1), lzaak € Vinke (1), Ridiger-A_Eichel
{1.2), LG.J. (Bert) de Haart (1)

{1} Institute of Energy and Climate Research, Fundamental Electrochemistry (IEK 9);
Forschungszentrum Julich GmbH, JubchiGermany;

{2} Institute of Physcal Chempestry, BW TH Aachen Universily, AachentGemany,

Davelopment of SOEC Stack Dy e Model and \ (B0812)

Dongkeun Lee (1), Young Sang Kim {1,2), Kook Young Ahn (1,2}

{1} Korea Institute of Machinery & Materials (KIMM); Dasjeon/South Korea:

{2) University of Science and Technology (LIST);

Off=design cperation of proton conducting Solid oxide Fuel Cell (HY30FC) (B0E13)

Jaroskaw Milewska, Arkadiusz Scczgsnak, Warsaw Unneeraity of Technology, Faculty of Power and
Aeronauticsl Enginearing, Institute of Heat Engineering, Warssw/Poland;

(BOB14)

S0E srack pravatyping thraugh modeling and Imegratian of advanced materiale (B0815)
Gonzalo Jiménez Martin, Xabier Judez, Paula Ciaurriz, Ménica Aguado Alonso, Ifigo Garbayo
Hydrogen Area, Gnd Integration, Mational Renewabde Energy Center of Spain (CENER), Sanguesa
{Navarra)Spain

Numerical Investigation of a Hybrid Micro-Grid with Photovoltaic Energy Production and
Hydragen Sterage (BOE1E)

Wano lamanne (1), Antonello Damato (1), Antonio Ferrare (1), Antonio LrAngoda (1), Marco
Borgarella (2}, Lorenzo Croci (2); (1) Scucla di Ingegneria, Universitd della Basificata, Potenzaftaly
{2} RSF Sph - Ricerca sul Sistemna Energetico, Milano/ltaly

Cold Sintering Process contribution to BaZrCe,0y , electrolyte densification (B80T is
requested to be presented orally in BO908)

Fablo Castellani, Ciément Nicollet, Eric Quarez, Olivier Joubert, Annie Le Gal La Salle

Institut des Matériaw: Jean-Rouxel de Mantes (IMN-CHRS); Nantes/France;

Fabrication and testing

of thin-film based metal-supported proton ceramic electrochemical cells (BO90E)

M. Stange (1), C. Denonville (1), E. Stefan (1), AM. Dayaghi (2), Y. Larmng1, P.M Rervk (1), R
Haugsiud {2), T Morby (2)

(1) SINTEF Industry; OsloNorway; (2) Uni of Oslo, Department of Chemistry, SMN, OsloMNorway;

Proten World class Innevative Novel Hanoscale

eptimized alectrodes and electrolytes for Electrochemical Reactions: WINMER {E0909)
Marie-Laure Fontaine

SINTEF AS Czlo; Celo/Monway;

Char ion of metal-supperted BZCYT21 protonic conducting ceramic membranes

for pressurized hydrogen separation (B0910)

Luca Mastropasqua, Jack Brouwer

Maticnal Fuel Cell Research Center, University of Calfornia, California/USA;

Direct measurements of hydrogen exchange and diffusion kinetics

at elevated tem; < in prot ducting solid oxide materials (B0811)

Mudasir & Yaloo, Stephen J Skinnes

Depariment of Materials, Faculty of Engineering, Imperial College London; Royal School of Mines,
Londan/ULK.,

Self-assembly S5rCo; Fe, 0, ;/Fe, 0, heterostructure proton membrane

for advanced semiconductor lenls fusl cell (B0912)

Mabeel Akbar (1), Sara Paydar (1), Wu Yan (1), Rin Zhu (1,2)

(1) Engineering Research Center of Nano-Gea Materials of Minisiry of Education, Faculty of
Materiale Science and Chemistry, China University of Geosciences, Wuhan/China;

(2 Jiangsu Provincial Key Labaratory of Solar Fnergy Science and Technology! Fnergy Storage
Joint Research Center, School of Energy and Environment; Southeast University, Manjing/China;
Melen salt synthesis of perovskite as electrelyte material for preten-conducting cell (20213}
Linguan Zhang, Ze L, Yuxuan Zhang, Jan-Orang Wang

Shanghai Institute of Applied Physics; Chinese Academy of Sciences, Shanghai'China;
Characterization of Mechanical Froperties of Half-Cells

for Proton-Conducting Ceramic Cells and Effect of Ageing and Operating Conditions (B0914)
Federsco Palmerini (1), Peyman Khajavi (1), Henrik Lund Frandsen (1), Peter Vang Hendriksen (1),
Dustin Beealt (2), Hagnar Kwebach (1)

(1) DT Energy, Department of Energy Conversion and Storage, Techmcal University of Denmark,
Lyngby/Denmark,

[2) CoorsTek Membrane Soences, UsleiNorwiy,

Syntheslz & characterization of BSCF alr electrads material far pretonle eanducting cells (B0915)
Castellani Pabla (1), Schmider Daniel (2), Notar Gatherine (2), Micallet Clément (1), Quarez Fric (1),
Dailly Julian (2), Joubert Clivier (1), Le Gal La Salle Annie {1)

(1) Institut des. Matériaux Jean Rouxel de Nantes, (IMN-CHRS); Nantes/France;

(2) European Institute for Energy Rescarch (EIFER), Karlsruhe/Deutschliand,




Solld Oxide Fuel Cells Operated on Hydrogen and Natural Gas Blends and the Impact on
‘Waste Heat Recovery (A1607T)

Algjandro C. Lavernia, Maryam Asghari, Luca Mastropasqua, Jack Brouwer

MNatsonal Fuel Cell Research Center, Unversily of Califormea, CALSA,

Davelopment of a Highly Efficlent Co-50EC-Based Power-to-Liquid Plant (41508)

Martin Hauth {1), Bernd Reiter (1), Manue! Tandi (1), Fabian Zapf (2), Stefan Megel (3)

AVL List GmbH; GrazfAusina;

(1) AVL List GmbH, Graz/Austria;

(2} Prozess Optmal CAP GmbH, VorawAusing,

(3} Fraunhofer-Institut for Keramische Technologien und Systeme IKTS, Dresden/Germarny
Azzazzing reversible zolld oxide call 2yztems for grid.anergy =torage based an Hy/H; 0 and
CHyH,0-CO, chamistries (A1509)

A. Parashar, J, Hosseinpour, E. Reznicek, R.J. Braun

Colorado School of Mines, Depariment of Mechanical Engineering; Golden, Colorado/lU. 5.4 ;
i

Green hydrogen pr
(A1611)

Luca Mastropasqua (1), Jun Yong Kim (1), Andrea Giostr {2), Marco Binotti {2), Paclo Silva (2},
Jack Brouwer (1)

(1} National Fuel Cell Research Center, Uiniversity of California, CAUSA;

(2} Department of Enerqy, Politecnico di Milano; Milano/Itaty;

Hydrogen and syngas production by solid oxide slectrolysis with solar heat integration
(A1612)

Michael Lang (1), Patne Szabo (1), Bruno Lachmann (2), Vamsh Kreshna Thanda (2), Mathalie
Muonnerie (2), Remi Costa (1)

{1} German Avospace Center {OLR), Instlute for Engmecnng Thoemmodynamcs,
Stuttgart/Germany;

(2} German Aerospace Center (DLR), Institute for Future Fuels: Koln-Porz;

Waste2Watts: Techno-economic evaluation of biogas-fed SOFC power system integrated
with CCS and CCU (A1513)

Hangyu Yu (1), Ligang Wang (2), Jan Van herle (1)

(1) Group of Energy Materials, Facully of Engineering Sciences (STI), Exole Polytechnigue
Fidérabe de Lavsanne (EFFL), SondSwilzerland,

{2) Inncvation Research Institute of Energy and Power, Morth China Electric Power University
(NCEFL); Beijing/China;

with g solar tower system coupled with SOE

The analysis of the status of industrial ecology system and technical level in Korea's fuel cell
Technology sector (A1514)

Ran Yoo, Seongkon | ee

Encrgy Policy Rescarch Center, Korea Instiute of Encrgy Rescarch, Dacjeon/Republic of Korea

Rebust remote power supply [ReRePower) (A1807)

Jari Kiviahe (1), Jyrki Mikkola (1), Markue Mineh (2), Daniele Penchini (3) Matthiae Raltza (4),
Michael Spirig (5), Mari Tuomaala (6)

(1) ¥TT Technical Research Centre of Finland Ltd, Fspoa/Finland;

() Sunfire GMBH, (3} SalidPower Sph - (4) Sunfire Fuel Cells GmbH,

(&) Ewropean Fuel Cell Forum AG (8) 3& Energy Oy,

Developmant status of a T0% efficient hybrid SOFC system for 100 kW-class distributed
generation applications (A1608)

R.J, Braun, G Floerchinger, N Sullivan, T Vincent (1), R Danforth (2}, | Frampton {2), T
Bandhauer, O Cisen, B. Wndom (3)

(1) Colaado School of Mmes, Golden, ColoradaU 8.4,

(2) Kohler Power Sysferns, Kohler, Wsoonsin/LLS A,

[3) Colorado State University, Ft. Colling, Coloradoll.5.A

ShipFC project: NH3-50FC to decarbonise commercial shipping application (A1608)
Codm Bettu (1), Ivar Waembus (2), Trahe Magnusson Svendsen (3), Laurence Grand-Clement {1},
Valentina Ruiz (1)

(1) Pers-ee, Smarter Energy, Lyon/France,

(2) Clara Venlure Labs, Bergen™Morway,

(3) Alma Clean Power, Bergen™onway

Electrochemical processes and energy systems towards step-wise emizssion reductlon of
marine transport (A1610)

5. Asd Ansar, Maithers Metlen, Santiago Sales Ventura, Dk Ulimer, Chasbian Schnegelberger
German Asrespace Cenler (DLR), Instfule of Engineenng Thermodynamics, Stullgart’Germanny,
Techno-econemle analysis of maritime fuel cell hybrid power system In commercial
operations (A1611)

Colin Bettini, Laurence Grand-Clément, Valentina Ruiz

Pars-we, Smarter Energy, LyonFrance,

Lightweight tubular solid oxide fuel cell for asronautical application (A16812)

Vignessh Atulam (1), Pediro Nehiter (1), Helge Gersler (1), Ower Rota (2), Hugo Vulin (2), Maoosralian
Kolb (), Aurehe Waller (4), Stéphane Suel [4),

(1) Electrification Technologies {1XRE), Airbus Operations GmbH, Hamburg/Germany; (2) Matesials
(IXEMT), Arrbus Deflense and 5 . OtobrunndCrermany, (3) X-Labs (1TRXP) Arbus Delense and
Space, Ottobrunn/Germany; (4) Materials {1XRM1), Airbus SAS, Nantes/France;

High Fressure Water Electrolyser Development for Space Exploration Surface Missions (A1613)
MNebson Thambesy (1), har Waembhs (1), Crna lhea (1), Anld Vik (1), Mana-Eletheria Farmak (2),
Kalliopi-Maria Papazisi (2), Dimitios Tsiplasides (2), Stolla Balomenou (2), Brandon Buergler (3),
Brigite Lamaze (3, {1) Clara Venture Labs, BergenMorway; (2) Chemical Procese and Energy
Resources Institule, Cenlre for Hesearch and Technology Hellas (CPERI-CERTH),
Thessalomki'Greece, (3) Ewopean Space Agency (ESA), Moordwke The Netherlands,

Solid Oxide Fusl Call Technolegy develop for . (A1615)

Brandon Buergler, Brigitte Lamaze, Geraldine Palissat; FSTEC: Nnadqu.l'ThE Metherlands;
Reducing green hydregen production costs by improving the S0EC cell technology {A1616)
Hua Ll 1), Lasse Rengaard Clausen(2), Lygang Wangi3), Ming Cheni1)

(1) Dep t of Energy Conversion & Slorage, (2) Dep. of Mechamcal Engmeenmg, DU, Lyngby!
Drenmiark, (3) Institute of Energy Power Innovabion, North China Electne Power Uni, BegingiChimay,
Raeyeling pozzibilitisz and stratagiss far solld axlde call seacks (A1647)

Stephan Samer (1,2), Norbert H Menzler (1,2), Andreas Mai (3), Venkatesh Sarda (3), Dmitry
Serqeew (1), Nikolaos. Margaritic (4), Qlivier Guillan (1,3 5)

{1} Forschungszentrum Jolich GmbH, Instiute of Energy and Climate Research; (2) RWTH Aachen
University, Institute of Mineral Engineering; (3) Hexis GmbH; {4) Forschungszentrum Julich GmbH,
Central Institute of Engineening: (5) JARA® Julich-Aachen. Research-Alliance; Julich/Germany,
Training Staff in Fuel Cell and Hydrogen Technologies — Continuous Professional
Davelopment and Blended Learning [A1618)

Raobert Steinberger-Wilckens, Maser Al-Mufachi, Ahmad Fl-kharoaf, Yousif Al-Sagheer, Kun Zhang,
Artur Majewski, John Hmper University of Blrmmgnam B«mnghwnMK

CO, methanation over NiYSZ catalysts: Effect of operating conditions (A1618)

Oisaee Omoregbe, Ahmad El-kharow!, Roberl Stemberger-Wilckens, Cenlre for Fued Cell and
Hydrogen Rescarch, School of Chemical Engineering, University of Birmingham;, Birmingham/U_K;
Tabls-Top SOFC Damanstration in Flve Minutss (A1820)

UifBossd ALMUS AG Oberrohldm'ﬂ’smﬁ‘land
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Design, development. and characterization

of BCZY(Yb}-based proton-conducting ceramic cells and stacks for H, extraction (BU816)
Stéven Pirou (1), Federico Palmerini (1), Peyman Khajavi (1), Xanthi Georgalamprou (1), Qingjie
Wang {1), Ming Chen (1), Sandnne Ricole (2), Ragnar Ksebach (1)

(1) Technical University of Denmark, Department of Enengy Conversion and Storage;
Lyngbyw/Dienmark;

() Coborado School of Mines, Department of Mechanical Engineering, Golden/USA;

Flexible sclid oxide cells for low carbon fusl willsatlon
and syngas production by | lysis (BO9=0T)
Bemardo Jord3o Moreira Samuf, Robert Steinberger-Wilckens.
Centre for Fugl Cells and Hydrogen R Schoal of Ch
Rirmingham, Edgbaston, Birmingharm/LK;

{B03<08)

0 ural char

of Ni'YSZ electrodes in term CO; electrolysis (B09s08)

ijing Shang (1), Anne Lyck Smitshuysen (1), Miao Yu (1), Yuliang Liu {1,2), Peter Stanley

(1 Chen (1)
(mmgw Conversion and Storage, Technical University of Denmark,

¢£ ghoolduatﬁals&nemeand&ng:mm Henan University of Science & Technology;

LuewangiChina,

ERES

Effect of PH2 and of the PH,O/PCO; ratlo on the CO origin and the occurring
interactions on NIGDC during H:QICO; co-slectralysis (B09511)

| Engineering: Link

FEvangelia loannidou (1.2), Malal:mamﬂ,zj Stylianos. G Neophytides (1), Dimitrios. K. Niakolas (1)
(1) Foundation for R hand T gy, Institute of Chemical Engineering Sciences
(FORTHIICE-HT), Patras/Greece;

& i

(2) Dep t of Ch University of Pafras, Greece;

Electrochemical per

of solid oxide cells operated in oo, electrolysis [bnos‘szj

Miao Yu (1), Xiufu Sun (1), Yukiang Liu (1,2), Yying Shang (1), Ming Chen (1)

{1) Department l:l' Energy Conversion and Storage, Technical Liniversity of Denmark;
Lynghyi D enmiark:

(2) Sehool of Materials Science and Engineering, Henan University of Seience & Technalogy;
Luoyang/China,

o

Analysis of the hysteresis in
during zalld axide alactralysis (B00213)

Lucy Dittrich {1}, zaak C. Vinke (1), Ridiger-& Eichel (1,2}, L G J (Bert) de Haart (1)
(1) Instifute of Energy and Climate Research, Fundamental Electrochemistry (IEK-8);
Farschungszentrum Julich GmbH_ JulichiGermany

(2} Institute of Physical Chamistry, RWTH

CUryes

Takumi Imabayashi, Koichi Asano, Yoshihiro M
Central Research Institute of Electnic Power Industry (CRIEPI); Kanagawallapan;

Degradation studies of 1000 h aged SOECs: From lab analysis to lecal level simulation
(E1107 Is requested 1o be presented orally in B1106)

Aiswarya Krishnakumar Padinjarethil (1), Fiammetta Rita Bianchi {2}, Anke Hagen (1}, Barhara
Rasia (2)

(1) Department of Energy Conversion and Storage, Technical University of Denmeark (DTL),
Lyngby/Denmark,

{2) Department of Civil, GChemical and Environmental Engineering, University of Genoa, Genoag

Accelerated Stress Testing of Standard Solid-Oxide Electrolysis Cells (B1108)

Cameron Pres (1,8), Jush Gomez (1), Jeremy Harbagsen (1), Lucun Wang (1), Micah Casteed (1),
Hichard Boardman (1), Dong Ding (1), Scoll Swarlz (2) Gene Arkenberg (2), Olga Marna (3), Daved
Ginley (4), Mike Tucker (5), David Peterson (&), Wiliam T. Gibbons (T), Gang W (&)

{1} Kasho Mational Laborstory, idaho/USA,

(2) Wexceris:

{3} Pacific Morthwest National Laboratory, WA/USA,

{4) National Renewable Energy Laboratory, COMISA

{5) Lawrence Berkley National | aboratory, CALISA;

{6} Hydrogen & Fuel Cell Technologies Office (HFTQ), EERE, U 5. Dep. of Energy. CO/USA;

{T) Hydrogen and Fuel Cell Technologies Office (HFTO), U5, Department of Energy- EERE,
Washinglon/USA

{B) State Univerzity of New York at Buffale, Department of Chemical and Biologic al Engineering,
Buffalo/NY

of Co-Fe
on Sr,Fe. 5, G0 Moy 2Oy uluclwdrs fur symmetrical RS0OCs (B1109)
Hye-jm Jeon, Jac-ha Myung
Department of Matenaks Soence and Engimeenng, Incheon Nabonal Univ. Incheon®orea,
Sulfur palsoning of HICGO fuel slectrodes at low operating temperature (E1110)
Felix Kullmann {1}, Martin Juckel {2}, André Weber (1)
{1} Institute of Applied Materials - Flectirochemical Technologies; Kareruhe Instiite of Technology
{KIT). KarlsruheGermany,
{2} Institute of Energy and Climate Research - Materials Synthesis and Processing;
Forschungszentnem Jibch, JuhchiGermany,
[Effect of inlet gas compesition on the durability of solid exide electrelysis cells [B1111)
Xiufu Sun (1), Anders Kring Clauzen (1), Peter Wang Hendrikzen (1), Anne Hauch (1), Tima
Lehtinen (2}, Matti Nopanen (2)
{1) Dep. of Energy Conversion & Storage, Technical University of Denmark ; Lyngby/Denmark;
{2} Flengen; Vantaa/Finland;
Time-Dependent Degradation Process ldentification of Solid Oxide Electralysis Cells (B1112)
Slephame B, Woll (1,2), Erc Trdsler (1), Vasbhay Wibhu (1), Lzask C. Vinke (1), Ridiger-A. Exchel
{1,2), L.G.J, (Bert) de Hat (1)
£1) Institute of Energy and Chmale Hesearch, Fundamental Elecrochemstry (IEK-9),
Forschungszentrum Jibch GmbH, JOichGermany,
{2) Institule of Physical Chemstry, BW TH Aachen University, Aachen/Genmany,



Investigation of interface & electrolyte processes of a state-of-the-art SOFC (B1507T)

Fehix Kullmann (1), Cedne Gresselndemann (1), Luss Salamen (1), Frane-Martn Fuchs (2), André
Weber (1

{1 Insn[lu!r: of Apphed Matenals - Electrochemcal Technologues, Karlsruhe Instlule of Technology
(KIT), Karlsruhe/Germany; (2) Keratol Keramische Folien Gmbi & Co. Eschenbach/Germany;
Grey-Box Data-Oriven Model for the p of the i d. B of an IT-50FC for
fast cell and barch characterization (B1508)

Andrea Monforti Ferrario (1,2), Davide Pumiglia (1), Massimiliano Della Pistra (1), Stephen McPhail
{1}, NN {3)

(1) ENEA, Laboratory of Energy Storage, Batteries and Hydrogen Production & Use (TERIN-PSU-
ARl C R Casaccia, Rome/Raly;

{?) Department of Industrial Enginesring and Mathematical Sciences {DISM), Universita
Politecnica delle Marche, Anconafitaly, (3) Elcogen AS, Talinn/Estonia,

FiB-SEM 3D of 30C for ining micrestructure modeling data
(B1603)

Markus Mohl (1,2), Retand Schierholz (1), Krzysztof Dzieciol (1), Vaibhav Vibhu (1), lzaak C. Vinke
{1}, Radiger-A. Bichel (1,2), L.G.J. (Bert) de Haart (1)

{1} Institute of Enerqy and Climate Research, Fundetnerl.’!l Electrochemistry {IFK .9);
Forschungszentrum Jalich GmbH, Jalich/Germany

{2} Institute of Physical Chemistry, RWTH Aachen Unruetsn)r Aachen/Germany;

MNumerical model of Steam Electrolysis in Solid Oxide Cells with Ni'Gd-Doped Ceria (CGO)

fuel Electrode (B160T)

Andrey Koksharow, Matthias Fiegrall, Rém Costa, Armull Latz, Thomas Jahnke

German Acrespace Center (DLR), o T Therr Elullgart/Germany,
Composhe conductivity of MIEC-based SOFC des: Im for mk .
optimization (B1608)

Philip Marmet (1), Thamas Hocker (1), Jan G Grolig (2), Holger Bausmger (2), Andreas Mai (2),
Joseph M, Brader (3), Lorenz Holzer (1)

{1} Zwrich University of Appled Sciences, Institute of Computational Physics:

{2) Hewrs A, WinterthurSwilzerland,

Comparison of an SOC with NVCGO Fusl Electrode

during Operation with Hy/H;0 and COICO, [B1809)

Cedric Grosselindemann (1), Felix Kullmann {1}, Tibor Lehnert {2}, Hendrik Pépke {3}, André
Weber (1): (1) Institute for Applied Materials - Flectrachemical Technalogies (IAM-ETY; (2) Lab. far
Electron Micrascopy (LEM), Karlanhe Instituie of Technology, Karsrmuhe/Germany; (3) Kerafal
Keramische Folien GmbH & Co KG, Fachenbach

Mumerical analysis of the effects of tar components on single planar SOFC under high fuel
utilization (B1610)

foung Li, Fabwan Grenm, Jorgen Farl

FAL Erlangen-Nirnberg, Lebrstubl 1 Energreverfahrenstechnds, Nomberg/Germany,

Hi ized three-di ional modeling on the chemical reactions coupled transport
phenomena in solid oxide cell {SOC) stacks with an open-source library (B1611)

Shidong Zhang, Roland Peters, Nicolas Kiuse, Robert Deja, Rall Peters

Forschimgszentrum Julich GmbH, Instiiute of Energy and Climate Research; Julich/Germany;

10 Modeling of an Electrolyte Supported Planar SOFC with 8YSZ and 108¢1CeSZ based on
Hen-Equilibrium Thermedynamics (B1612)

Aydan Gedik (1), Gerardo Valadez Huerta (2), Nico Lubos (1), Stephan Kabelac (1)

(1) Institute of Thermadynamics, Leibniz University Hannover, Hannoves/Germ any,

(2) Research Initiative for Supra-Matenials, Shinshu University, Nagano/Japan;

Computational design for tailoring the distortion of surface octahedra in Lat-xSrxFe03-5
({LSF) as a cathode for H-SOFC (B1613)

Xi Xu (1), Lei Bi (Z), Stephen Skinner; Dep.t of Materials, Imperial College London; London/U.K.; (2)
Sechoal of Resounce Envronment and Salely Engmecting, Un, of South China, Hengyang! China,
Translent study of heat & mass transfer phenomena In selid oxide fusl cells - SOFCs (B1614)
Chen Lin (1), Stephan Herrmann (1), Benjamin Steinnecken (1), Sebastian Wilhelm (1), Hartmut
Spliethaff (1,2)

(1) Institute for Energy System, TUM School of Engineering and Design; Technical Uiniversity of
Munich, Garching/Germany; {2} Bavarian Center for Applied Energy Research; Garching'Germany;
An Integrated Modeling Appreach to Link Structural Degradation

with the Performance of Solid Oxide Cells (B1616)

Marsa Knappe (1,2), Feloe Schmd) (1,2), Thomas Kadyk (1,3), Michael Ekerling {1,2,3)

(1) Theory and Computation of Energy Materials (IEK-13), Institute of Energy and Climate
Research, Forschungszentrum Johch GmbH, JEich/Germany; (2) Chair of Theory and Computation
of Encrgy Matenials, Facully ol Georesources and Malensals Engmecrmg, RW TH Aachen
University, Aachen/Germany, (3) Jolich Aachen Research Alliance, JARA Energy, Jalich/Germany,
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LT-SOFCs: Effect of Molybdenum Doping on Carbon Deposition

and Anode Performance of Lag5r, (C oy sFey 5hyMo, 0 5 (B1113)

Kimia Y. Javan, Vincenzo M. Sglavo

University of Trento, Department of Industrial Engineening. Trentadtaly;

Comparative study

on solid oxide fuel cell anode microstructure evelution after long-term operation (B1114)
Diong Yan (1), Jalh Geng (1), Zhendun Jao(2), LiChao Ja (1), kanLi (1)

(1) School of Matenals Science and Engineering, State Key Lab of Material Processing and
DiedMoukd Technelogy, Huazhong Unversity of Science and Technofogy, Wuhan/China,

(2) College of Science, Harben Instiute of Technology, ShenzhenfChina,

Investigation protocols on SOFC anodes

after accelerated aging: micrestructural and electrochemical characterization (B1115)
Paolo Piccardo {1,2), Daria Viadikova (3), Blagoy Burdin (3), Roberto Spotomo (1)

(1) Metal Group, DCCI, University of Genoa, Genoalltaly;

() ICMATE -CNR; Genovalltaly; {3) Institute of Flectrochemistry and Energy Systems. - Bulgarian
Academy of Scences, IEES, SohyBulgars,

Deconvalution of the electrechemical Impedance spectra

of solid oxide electrolysis cells: A quantitative and time-dependent analysis (B1118)
Vasileios Bilalis, Xiufu Sun, Henrik Lund Frandsen, Ming Chen

Department of Energy Conversion and Storage, Technical University of Denmark; Lyngby/Denmark;
Development of strategies to mitigate degradation of solid oxide electrolysis cells (B1117)
Benjamin Konigshofer (1), Michael Hober (1), Pavie Bodkoski (2), Bani Jurifi (2), Gjorgij Musey (3],
Chrstoph Hochenaoer (1), Vanya Subolic (1)

(1) Instdute of Thermal Engmeening, Graz Unrvul';ﬂyd Technology, GrazfAosing,

(2) Jokef Stefan Institute; Ljub§ana/Slovenia;
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Abstract

The Institute of Nuclear Energy Research (INER) has committed to developing the SOFC
technology for years. Substantial efforts are paid to cells, sealants, stacks, catalysts,
components of balance of plant as well as system integration. Of which, the stack,
composed of cells, sealants, interconnects, contact and coating layers, is considered as the
core element for a SOFC power system. A series of short-stack tests under different test
conditions are carried out to get a comprehensive understanding on the characteristics and
performance of SOFC stacks. Accordingly, operating procedures are progressively adjusted
to enhance the stack performance. Consistent and reproducible stack performance can then
be achieved through quality control procedures. To facilitate the progress of stack
technology, versatile configurations are designed and tested for different types of cells. In
the study, we employ the anode-supporied cells (Elcogen) and Crofer-22H (VDM) ferritic
steel for interconnects to assemble successively 5 sets of 30-cell stacks. Performance
results, under an elevated temperature of 700 °C, indicate consistent and minor variations
of current-voltage and power (I-V-P) curves for § sets of stacks. The OCV of a stack is
around 336 V (1.12 V/cell), while stack voltage at 28 2 V (0.94 V/cell) the power output is
~1.2 KW (330 mW/cm?). Additionally, the metal-supported-cells (MSC, INER) and Fe-Cr
alloy interconnects (Porite Taiwan) are utilized to assemble & sets of 36-MSC stacks. The
Fe-Cr interconnects are formulated in accordance with designated shapes through a
patented powder metallurgy process to minimize extra machining work. For the 36-MSC
stack, the OCV is 37.8 V (1.05V) under an elevated temperature of 750 °C. As the power
output around 1.2 kW (420 mW/cm?), the stack voltage is ~ 30.6 V (0.85 V/cell). Consistent
I-V-P curves are observed for the 36-MSC stacks as well.
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1. Introduction

The solid oxide fuel cell is an inherently high efficient energy conversion device, which
converts the chemical energy of hydrogen, ammeoenia, syngas or hydro-carbon rich fuels into
electricity and thermal power. Contemporarily, the SOFC is considered as an essential
bridge from the fossil fuels to next generation power systems. As a national energy research
laboratory, INER has committed and devoted substantial efforts to developing the SOFC
technology. From a holistic point of view, the stack, composed of cells, sealants,
interconnects, contact and coating layers, involved with materials, thermal and mechanical
designs as well as characteristic of electro-chemistry, is the most important key element for
a SOFC power system. In the past decade, we have made progressive progress in related
technological development. Both ceramic anode supported cells (ASC) by convectional tape
casting, spin coating, screening printing and metal supported cells (MSC) by the
atmospheric plasma spraying (APS) have been well developed'™#!. A series of tests for both
types of cells under specific test procedures are carried out for prolonged periods. The
electrochemical impedance spectroscopy (EIS) analyses and microstructural examinations
are vital to provide insight information to modify the receipts and manufacture techniques. A
barium-aluminum-borosilicate glass associated with its paste formulation, designated as
GC9Y, is employed as a high-temperature seals in SOFC applications. Extensive testing and
evaluation regarding its mechanical properties, interfacial fracture resistance, joint strength,
creep under elevated temperatures are intensively investigated to validate its stability and
compatibility with adjacent components in a stack 5! To increase the oxidation resistance
and mitigate the Cr evaporation from interconnects, thin protective films are deposited onto
the interconnect surfaces by pulsed-DC magnetron sputtering technique (PFDCMS) and/or
atmospheric plasma spraying method (APS). Ewvolution of area specific resistance (ASR)
as well as microstructural and electrical properiies of protective films are evaluated for
specimens undergone thousands of hours testing so as to meet the functional requirements
for interconnects™®. While the cells, sealants, interconnects and protective coated fims
manifested satisfactory performance, it is beneficial to produce a robust SOFC stack.
Thermo-electrochemical and thermal stress analysis provides the foundation to optimize the
flow patterns in the gas manifolds and acceptable stress distribution for a stack™®). Taguchi
method is utilized to optimize the operating parameters, performance maps of a celland a
short stack are obtained under different flow rates, fuel utilizations, current densities and
temperatures. Standard operation procedures for assembly, curing and reduction processes
are subseguently established through a series of short-stack validation tests!'?),

In this study, on the basis of aforementioned progress, we employ two schemes to assemble
SOFC stacks with designated power output of 1.2 kW. Firstly, we take advantage of
commercial available products, the anode-supported cells (Elcogen) and Crofer-22H (VDM)
ferritic steels as interconnects, to assemble successively 5 sets of 30-cell stacks. The other
approach, we utilize thin metal-supported cells fabricated at INER!"'-'2) and patented Cr-Fe
alloy interconnects!'® (Parite Taiwan) with innovative stack design+'% to assemble 5 sets
of 36-cell stacks. The innovative design is particularly invented for compact size, high
efficiency, easy packing and assembly, and modular arrangement for flat type stacks.

2. Experimental
l. Metal-Supported Cells
In this study, thin Ni-Mo substrates, developed at INER, by tape casting and sintering
processes are employed for SOFC stacks. The green Ni-Mo slurries mixed with solvent,

binder, dispersant and plasticizer are casted to form green sheets. The sheets are then
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sintered at temperature 1200 °C for 4 h in a reducing atmosphere to form a porous Ni-Mo
substrate. The thickness, permeability and average thermal expansion coefficient of the
porous Ni-Mo substrate are around 0.2 mm, 0.2 Darcy and 14.8 ppm/°C, respectively.
Powders such as YSZ(8 mol % yttrium doped zirconia)-NiQ, GDC (Ceg:Gdp202.:)-NiQ, LDC
(CeosslaosasOz-5 ), LSGM (LaoseSro2GaosMgo20s:-:), SDC (Smo.1sCeossOs- ) and SSC
(SmosSrosCo0s- 5 ) available in the commaodity, are sequentially sprayed by the APS
processes onto the porous Ni-Mo substrate to form anode layer, anode functional layer,
electrolyte, composite cathode layer and cathode current collector. A schematic
configuration for the MSC is illustrated as Figure 1. Prior to the APS, around 1% additive
LizO powder is mixed with the LSGM to lower the sintering temperature and improve the
tightness of the electrolyte. An annealed process with a constant load of 500 g/cm? at
elevated temperature is applied to minimize the residual thermal stresses of the MSC cell
after the APS processes.

Il. Fe-Cr alloy interconnect

Instead of conventional powder metallurgy (PM) method to formulate interconnect by
chrome (Cr) powder and iron (Fe) powder, we employ an innovative formulation process
with Cr powder and Cr-Fe alloy powder. The invented interconnect possesses an easier
heating procedure and stabilized properties after heating. Different compaositions of Cr-Fe
alloys are formulated and evaluated their material properties and compatibility with adjacent
components of a SOFC stack. The evaluation items include mass density, thermal
conductivity, coefficient of thermal expansion, mechanical strength, surface morphology,
oxidation resistance, adhesion test with sealant (GC9), leakage rate test and ASR
measurement. The bulk density is obtained by the balance measurement of the mass for a
specific size of alloy specimen. Thermal conductivity is measured by HotDisk TPS25005
and the coefficient of thermal expansion by a high temperature dilatometer (Diamond TMA,
PerkinElmer, USA) for temperature ranging from 50~800 °C. The weight-gain rate, oxidation
test, is executed to examine the oxidation resistance of the alloy for a test period of 1200
hours. Adhesion test with sealant (GC9) is observed to check the adhesive behavior and
suitability for the alloy with the sealant. Additionally, leakage rate test for the alloy with the
GCY sealant is performed at a temperature of 800 °C for a period of 700 hours. Evolution of
area specific resistance (ASR) of the PM alloy (LSM coated) aging at 800 °C is evaluated
for a period of 1000 hours in air. Test results indicate that the 78Fe-Cr alloy suffices the
functional requirements of a SOFC stack in this study. Examination of cross-sectional micro-
structure and elemental profile of the adhesion test for the PM alloy and GCY seals is shown
as Figure 2 after aging at 800 °C for 500 hours. The measured data for the 78Fe-Cr alloy
are summarized as Table 1.

lll. SOFC stack

In this study, we employ two schemes to assemble SOFC stacks with designated power
output of 1.2 kW. Planar stack design, which generally offers a higher performance than
tubular one and commercially viable for further applications, is developed. In the first scheme,
planar configuration with internal manifold, counter flow for fuelloxidant gases, and
inlet/outlet gas channels in parallel is adopted. A schematic diagram for the planar type
design for a stack is illustrated as Figure 3. Where a stack is assembled with repeated units
jointed by sealant from lower to upper end plates. Of which, a unit is formed by an
interconnect, a cell, current collectors and a frame to separate the oxidant and fuel gases in
the cathode and anode sides. A protective layer (LSM) is deposited onto the interconnect
surface to improve the oxidation resistance and mitigate Cr evaporation through the
interconnect surface. In the practice, commercial available product, Elcogen ASC-400B,
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anode-supported cells with a size of 12em*12 cm (effective area 11ecm™11cm) and total
thickness of 415 pm are utilized to assemble the stacks. A more detail technical data of the
ASC-400B can be found in Elcogon’s official website. Planar Crofer-22H (VDM), a ferritic
high-temperature stainless steel, specially designed for use in high-temperature fuel cells
(SOFC), is selected as interconnect in this study. Once the stack was assembled, it is
transferred into a furnace to go through the curing and reduction proposes. In order to
minimize the temperature variation inside the stack, a benign heating rate of 1 °C/min is
used. Two temperature plateaus at 350 °C and 600 °C for 1 hour, respectively, are set to
remove the organic/binder and flatten the temperature profile of the stack. In compliance
with the transition and sofien temperatures of the sealant, the stack is curing at a
temperature of 850 °C for 4 hours. During the curing process, a small amount of nitrogen/air
gases at a flow rate of 400 ml/min/cell are flowing into the anode and cathode sides of the
stack, respectively. After the curing process, the furnace temperature gradually decreases
to the elevated temperature of 700 °C for the reduction process with a constant current
around 130 mA/cm? for 4 hours. Hydrogen at a flow rate of 9.8 mli/min/cm? with 20% of
nitrogen and air inlet at a flow rate of 24.7 ml/min/cm? (lamda~1) are used in the reduction
and Tafel power performance measurement. Standard operation procedures (SOP) are
established and applied to assemble and test for 5 successive sets of 30-cell stacks.

For the other scheme, planar configuration with internal manifold, radially distributed flow for
fuel gas, and a parallel flow pattern for oxidant gas is applied. To increase the flatness of
sealant on the stack components, glass-ceramic tape sealant is produced via tape casting
and shaped in accordance with the designated geometry'®. In this study, thin metal-
supported cells fabricated at INER, as mentioned above, are utilized to assemble the stacks.
To integrate the capabilities of Taiwan SOFC Industry Alliance (TSIA), a collaborative
framework for the stack is conducted by INER. In the framework, Cr-Fe alloy interconnects
are provided by Paorite Taiwan Co., glass-ceramic tapes and LSM coating (via APS) on the
interconnects are commissioned to domestic companies of TSIA. Subsequently, under the
guidelines of standard operation procedures, stacking, curing, reduction, performance
testing are carried out at INER. Consistent results of power performance are achieved for 5
successive sets of 36-cell MSC stacks.

3. Results and Discussion

Figure 4 indicates the current-voltage-power (I-V-P) curves for two types of planar MS-
SOFC cells (10%10 cm?®). The power densities for a MSC cell with pure LSGM electrolyte
reach to 380, 630 and 890 mW/cm? at a cell voltage of 0.6 V and operating temperatures of
650, 700 and 750 =C, respectively. As a MSC cell with LizO-doped LSGM electrolyte, the
power densities increase to 540, 855 and 1060 mW/cm?2, under the same cell voltage and
operating temperatures as above. Observations reveal that the gas tightness, density and
QOCV for Liz0-doped LSGM electrolyte are superior to that of the pure LSGM ones. Thus,
the LizO-doped LSGM electrolyte is adopted. To validate the reliability of SOP for stacking
processes, a series of short stack tests for 1-cell and 3-cell stack are conducted. Typically,
hydrogen at a flow rate of 9.8 ml/min/cm? with 20% of nitrogen and air inlet at a flow rate of
24 7 ml/min/cm? are used in this study. Figure 5 shows the Nyquist plot and I-V-P curves for
a single-cell MSC stack at elevated temperatures of 700 and 750 2C. The Nyquist plot
reveals the ohmic resistance and polarization resistance are 0.198 and 3.22 Q cm? and
0.148 and 2.68 O cm?, respectively. The power outputs reach to 443 and 547 W at 0.7 V
and 700 and 750 °C, respectively. A durability test of the MS-SOFC single-cell stack for
3,500 hours at a constant current density of 400 mA/cm? and 700°C, where the cell voltage
drops from 780 to 754 mV, indicates its degradation rate less than 1 %/1000hr.
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Table 1 shows the measured material properties for the 78Fe-Cr alloy formed by the powder
metallurgy (PM) method. The measured density is 7.31 g/em?®, around 95% of theoretical
density under the specific weight fraction of Fe/Cr alloy. The thermal conductivity of 10.47
Wim-K is lower than that of alloy for SOFC application, such as: ZMG232 or Crofer-22 (both
in the range of 20-30 W/m-K). The tensile strength is 334 MPa at room temperature and
around 25 MPa at 800 °C, respectively. These lower values of material properties imply a
weaker metallic bond between atoms for the alloy formed by the PM method. The coefficient
of thermal expansion, 12.4 ppm/°C, is compatible to the sealant. The weight gain rate of
3.60/cm3-h, leak rate 3.47 3. 47*10® mbar-t/s/cm, and area specific resistance 7.04 mQ-cm?
are all within acceptance criteria for current SOFC applications. Examination of cross-
sectional micro-structure and elemental profile of the PM alloy adhered to GC9 seals after
aging at 800 °C for 500 hours, as shown in Figure 2, indicates the wettability and adherence
properties are satisfactory. In overall, the 78Fe-Cr alloy fulfills the functional requirements in
this study.

Figure 6 illustrates two type of SOFC stacks. The sizes of stack-E (Elcogen cells inside)
and stack-M (MSC cells) are 210 x 140 x175 mm?® and 138 x 110 x 142 mm?, respectively.
The weight of stack-E is 23 kg and stack-M 10.3 kg. The volume and mass ratios for the
stack-M to stack-E are around 42% and 45%, respectively. The active area per cell in the
stack-M is approximately 65% of the stack-E. Figure 7 shows the I-V-P curves for 5
successive stack performance for these two types of stacks. The excellent consistence of
the I-V-P curves of stack-E, as shown in Figure 7(a), indicates the high quality of the cells,
good compatibility and stability among stack components, and well-established stacking and
testing SOPs. The OCV of a stack-E is around 33.6 V (1.12 V/cell) at nominal fuel/oxidant
gas flow rates and elevated temperature of 700 °C. As stack voltage at 28.2 V (0.94 V/cell),
the power output is ~1.2 kW (40 W/cell, or 330 mW/cm?) and the fuel utilization about 28 9%.
As the flow rate reduced to 53% of origin, the fuel utilization reaches to 51.9% for the power
output at 1.1 kW. Figure 8 shows the voltage variations of clusters for five sets of stack-E at
power output of 1.2 kW. There are 6 clusters in a stack (5 cells/cluster) for temperature
monitoring and voltage measurement. The volitage variations of clusters for the 5 sets of
stack-E reveal only a small deviation (~0.6%) from a 5-cell voltage of 4.71 V (0.94/cell). The
I-V-P curves for 5 successive sets of stack-M, as shown in Figure 7 (b}, indicate consistent
performance is achieved for the stack-M. The OCV of a stack-M is around 37 .8 V (1.05 V/cell)
at nominal fuelloxidant gas flow rates and elevated temperature of 750 °C, while stack
voltage at 30.6 V (0.85 V/cell) with a power output of 1.2 kW (33.3 W/cell, or 420 mW/cm?).
The fuel utilization is about 39.2%. As the flow rate reduced to 53% of orgin, the fuel
utilization is about 47 5% for the power output at 800 W. For the 36-cell stack-M, each cluster
consists of 6 cells. Figure 9 shows the voltage variations of clusters for the 5 sets of stack-
M at power output of 1.2 kW. The results indicate small variations (~2%) exist amaong
clusters of a stack-M. A lower cell OCV of stack-M than that of stack-E indicates the tightness
of MSC cells remains rooms for improvement. Methods for a thinner thickness and lower
permeability (sub-micron or nanc-powders) of the electrolyte for MSC cells are being
undertaken. Meanwhile, skills to minimize the curvature of the cells attributed to the thermal
residual stresses in the high temperature plasma spraying processes are evaluated for a
new version of MSC cells. Findings and observations in the stack-M stacking and testing
serve as the technical foundation for further improvements. Essentially, it indicates that the
innovative planar configuration of modular stack design, which possesses a symmetric
geometry configuration and a shorter uniformly-distributed travelling length of fuel gas,
consequently lower thermal and stress gradients for stack components, is viable for
commercial applications in the near future.

ADB08 / Page 5-10

64



EFCF 2022: 15" European SOFC & SOE Forum 5 - 8 July 2022, Luceme Switzerland

K

4, Conclusions

In this study, we successfully assemble 5 successive SOFC stacks with two different planar
stack configurations and demonstrate the power output of each stack reach to 1.2 kW.
Some remarks are listed as follows:

+  MSC cell: thin flexible MSC-cell with porous nickel-molybdenum substrate formed by
conventional tape casting and sintering processes is developed. Multi-layers including
anode, anode function, electrolyte, composite cathode and current collector layers are
sequentially sprayed onto the substrate. The thin flexible MSC cells with stable and
consistent quality are utilized for the innovative planar stack.

+ Fe-Crinterconnect: interconnect formulated by an innovative powder metallurgy (PM}
process with Cr powder and Cr-Fe alloy powder is employed. Measurement of the
material properties indicates the 78Fe-Cr alloy fulfills the functional requirements for the
designated stack.

=  Stack-E: planar configuration with internal manifold, counter flow for fuel/oxidant gases,
and inlet/outlet gas channels in parallel is adopted. Commercial available products,
Elcogen ASC-400B and Crofer-22 H (VDM), are used in the stack. Excellent agreement
of I-V-P curves and insignificant voltage variations for & successive stacks indicate high
guality and high performance of cells and stacks as well as establishment of
sophisticated SOP for SOFC stacks.

+  Stack-M: planar configuration with internal manifold, radially distributed flow for fuel gas,
and a parallel flow pattern for oxidant gas is applied. Thin flexible MSC cells made at
INER and 78Fe-Cr interconnects provided by Taiwan Porite Co_, are used. The 78Fe-
Crinterconnect is produced in accordance with the designated shape to minimize extra
machining work afterwards. With a significant volume and mass reduction of the
innovative stack design, consistent performance and high performance of stack-M is
observed, while there exists rooms for further improvements.
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Table 1. Material properties for bulk density, thermal conductivity (K), coefficient of

thermal expansion (CTE), tensile strength (TS), weight gain rate (WGR), leakage rate (Lr)
and area specific resistance (ASR) of the 78Fe-Cr alloy by powder metallurgy method

Parameter K CTE s WGR L ASR
unit glcm? wim-K ppm/°C MPa mgl/cm®h | mbar¥sicm | mQ-cm?
Measured [ 1047 124 334 3.60M10* 3.47=10-% 7.04

7 Porous S8C carvent collector

7 Porous S5C-5DC compasite cothmde
(B Dense Li;0-doped LSGM electralyte
LDC diffusion barrer

Porons LIHC-NEO anode layer
Porous ¥5Z-Nild nnode lnyer

Highly porous Ni-Mao substrate
{ahout 1.2 mm)

Cell size: 10x10 cm? LD Ly seltgasin

J LSGR: Lay Sy 3Gy g 1054
- 2 rd
Active area: 80 cm K0 Sy o8ry <0000

Figure 1. Schematic configuration of a MSC cell with multiple layers by APS.

Figure 2. Cross-sectional micro-structure and elemental profiles of 78 Fe-Cr alloy adhered to
GC9Y seals after aging at 800 °C for 500 hours.
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Figure 3. A schematic diagram for the planar type design for a stack.
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(a) Pure LSGM electrolyte (b) LizO-doped LSGM electrolyte
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Figure 4. Current density-voltage-power curves for (a) pure LSGM cell and (b) LizO-doped
LSGM cell at temperatures of 650, 700 and 750°C.
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Figure 5. Nyquist plot and current-voltage-power curves for a single-cell MSC stack at
temperatures of 700 and 750°C.

(a) Stack-E (b) Stack-M

Figure 6. Two types of stacks, stack-E and stack-M, after performance testing
(stack-E 210x140x175 mm?, stack-M138x110x142 mm?, not to scale).
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(a) Stack-E (b) Stack-M
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-I;"ibure 7. 1'V-P curves for 5 successive stacks of stack-E (@ 700°=C)and
Stake-M (@750°C) for a designated power output of 1.2 kW.
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Figure 8. Voltage variations of clusters for five sets of stack-E at power output 1.2 kW.
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Figure 9. Voltage variations of clusters for five sets of stack-M at power output 1.2 KW.
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Introduction
SOFC Technology-From Powder to Power

Peowder

Oxide Powder
(MiD, ¥SZ, LSM, ete.} Call L

Sl En =

Power System

<

&
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Experimental
» Metal-Supported Cells(MSC)

Ni-Mo substrate manufacture

A schematic diagram for an atmospheric
plasma spraying (APS) system

Solvent

Ball milling
acant Dispersant

Maing tor 4 min.

Add Ni-Mo Powder

Funer

E Supply
—

Add & Binder '
[Er= = Plasticizer 3
'-:I-_'j [Pawder Feeder
=i 3 LiInternal Powde
Wt waiieng b 1 st 1.1 b Sy = R o] _ [ e
| Powder Feeder System 11
I (Extermal Pawder Injector)
e arivg e
E—(': 13 Camers Hesl
‘ L} sintering at 1200°C for ahr |

Cutmng s shageng

W Subrstrate
e e,

7 Porous SSC current collector

Soundpeool Cabinet

r Porous S5C-5SDC composite cathode
¥ _— Dense LiO-doped LSGM electrolyte
LDC diffusion barrier

> Porous LDC-NiO anode layer
Porous YSZ-NiO anode layer

Highly porous Ni-Mo substrate
(about 1.2 mm)
Cell size: 10x10 cm?

LDC: Lag eeCey geDay

2 LSGM: Lay S, .Ga, Mg, .0
» 2 #1023 5MBo M54

Active area: 80 cm SSC: Sty 51y €00 s
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Experimental(contd)

» Fe-Cr alloy interconnect

‘powder metallurgy Fe-Cr
(PM) interconnect

aging at 800 °C
for 500 hours

Aromic Energy Council, R. 0. C.

Baramoiors bulk thermal coefficient of tensile weight leakage rate | 22 specific
density | conductivity | thermal expansion | sirength | gain rate 9 resistance

m g/em? w/m-K ppm/°C mg/cm®h mbar-/s/cm
7.31 10.47 12.4 334 3.60*104  3.47x10% 7.04
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Experimentalcontd)
» SOFC stacks | Characienstics | __StackE | __smckm___|

Cell Elcogen cells MEES PRata e

(MSC)
Size 210 x 140 x 175 mm? 138 x 110 x 142 mm?
Weight 23 kg 10.3 kg
Active area per cell 121 cm? 80 cm?
Interconnect Crofer 22H (VDM) Fe-Cr alloy
Number of cells
per stack / cluster S Hle
H 9.8 ml/min/cm?
Flow rate N, 20% of H»
Air 24.7 ml/min/cm?
Stack
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Results and Discussion
» MSC single cell and single stack

MSC single cell
Pure LSGM electrolyte Li,O-doped LSGM electrolyte
Fuel Urilization / %4 Fuel Utilization / @
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Degradation < 1%/khr

Results and Discussion contd)

» Stack E (at 700 °C)
® Consistent IVP curves
® OCV™33.6 V for 30 cells (1.12 V/cell)

® Power output™1.2 kW (40 W/cell or 330 mW/cm?) while stack voltage
~28.2 V(4.71 V/cluster or 0.94 V/cell)

® Small voltage variations ~0.6% for 5 successive stacks

m Stack E1 = Stack E2 = Stack E3 = Stack E4 - Stack E5

Voltage (V)

—w=Siack_E1 ==Stack_EI
——Siack_E3 —Stack_E4
Stack S

L] " m S0 0 50
Current (A}

Cluster

Institule of Nuclear Enargy Research
Atomic Energy Council, R. 0. C.

Performances of Stack E17ES at 700 °C

Voltage distributions of power output at 1.2 kW for stack E17E5 at 700 °C
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Results and Discussion(contd)

» Stack M (at 750 °C)

® Consistent IVP curves

® OCV™37.8V for 36 cells(1.05 V/cell)

® Power output™1.2 kW (33.3 W/cell, or 420 mW/cm?) while stack voltage
~30.6 V (5.10 V/cluster or 0.85 V/cell)

® \/oltage variations ~2% for 5 successive stacks

mStack M1 = Stack M2 = Stack M3 wStackM4 © Stack M5

Voltage (V)
H
Power (W)

L o~ —a=Stack_MI ——Stack_M2
/ ——Siack M3 —=Sinck M4
il — =Stack_MS

o 10 0 L) 40 50
Current (A)

Alomic Energy Councll, R. 0. C.

Cluster

E
s
:
|

Perfarmances of Stack M17M5 at 750 °C
Voltage distributions of power output at 1.2 kW for stack M1™M5 at 750 °C
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Conclusions

» MSC cell
® Thin flexible MSC cells with stable and consistent quality

» Fe-Crinterconnect
® Measurement of the material properties indicates the 78Fe-Cr alloy fulfills the
functional requirements for the designated stack.

» Stack-E
Counter flow for fuel/oxidant gases, and inlet/outlet gas channels in parallel

Consistent |-V-P curves
Small voltage variations ~0.6% for 5 successive stacks

Stack-M

Radially distributed flow for fuel gas, and a parallel flow pattern for oxidant gas.
Consistent IVP curves

Voltage variations “2% for 5 successive stacks
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