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(L) B 1960 FEF4E - BIFEE BRI Me 4RI A SOFC £iift 2 FHss RIEMA » FEEL
&] ~ GE /AH] (Applied Signal, Honeywell ) ~ Sulzer Hexis ~ Global Thermoelectric 73 &%
F o KIS RIVIEE KA #EE - NIRRT R S BN G A RS
/NECHEA AT © SOFC £ firaf i RIS HIRREE - BEA A = ARV L - ([Hif5
B2 8By AT AR ERER R0 - 2S5 H - RlrE R ARy iaiise - ¥
EREERE - HAlBEE AR M CELMED > WAAMIESE SOFC #8245 HI5H
2 KB THEATEEEE N SOFC 2 B o £ bAFEEY -

(+) FREE] Julich 8EJR &% & i 52 th 0 B BB Real-SOFC & & £ FF A Dr. Robert
Steinberger-Wilckens » $£75<[E] University of Birmingham HYHESE » Ay B SRR EE AT
Z2 o0 FAEEZ 0 H AT EAF Prof. Kevin Kendall 7 2000 4 F &% 1T) » W& & SOFC
Rty FEs  Tilich g EEEIA5T S0 SOFC 5185 B Prof. Ludger Blum /T - PNNL
FE R E NS 0 E(E Dr. Subhash C. Singhal JRERFESHATEEAE] > BERER(L
YRk Ay ZR S 2 — > A 2012 4E 1 H H PNNL Z2B{K - HRETA$26E SOFC £iffr 2 5%
A K2 EARY © Dr. Nguyen Minh J& B GE /A 5] SOFC 5182 FATTA2ET » BATEEIIINA
R O o R IR OB AT 0 W BhER RS EN L R R R il B HLTE FH B fE - e
ECN Bz Bz 0 > 2009 4 10 H BRI E B F SOFC 51 » [FatE FFF A Dr. Bert
Rietvelt KBEA A JJHEZ AR » BIME A EERE ~ HE ~ 9 SIRIR ~ BRI
REE AR 2 Brg% - ANEECE SOFC fwiE @ FHHERE%45 Dr. Bert Rietvelt © R&E
fttAE SOFC Feffahrss FAY M KR firHERE FAVERL - CFCL A 5] £ 4F TAZAT Dr.
Karl Foger £ CEFCL AEHIEIEE AN Z — » RHEATEEE SOFC £l 2 B - H 2kW BlueGen
HEAMAVERRA]EE 60% » Fy'E Rl B PER /N ENEE S A4 2 4B Sk HysldE © & T A8
HYE A > Dr. Karl Foger JE\EE B2 A% fE 1R BRI B I BION » TR BIOMEY TS > HH
¥ SOFC i flayH HE1E -

(+—) IZBEWHIERTIE 2003 FEEERI4ATEEE SOFC Fiithypass » FEMFEE s th Bl N EE 2%
Bl EAS R E R A TENEERIR - KRRV CEEEM IR 2R E A
&t( from powder to power) FThZEHYBASEIZ ORIl - BIE © BEMEETT ~ M RS
Bl 2%t BOP a8l « 248 GBI SE RS LRl - BT Ry SOFC 2 8
ZERAY O, > Ry LB E S AR Y F BRI o H AT e ISR T - Brss el
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TR B R < s S FEA 7 SRR EE AN BE T » AR BRI BPE/KSF » fEDhR g ~ RHAR
RERUTEEFE T - MIEBEENVERE - EEEMR 400 mA/em’ AVHERGRET » ZEERE
IR 1%/khr - EEZREHAE 18 7 AEEE/MMERSAH - AHDIR B Tl 2 SO0W » HARURE e R 2=
FAE 2% LA - BREEHVRIT A A R EEAORL - BESERVREN - HRARAVEHR
HE=R 95% &I E R EUE T - e S AYIRTUR AV B 4H 28 S A 25
HIREET M BUE > FTETEEAMIIHEERE K - kW 4 SOFC 388 4t R AU L 5 W) HAR 7
BSOS Bo & R HAVTIRE T K > B8 1= SRR - Dh3ae - sHsREN -
PR - &0 — 25 HVERE I - HERD S A S RAR AT M HIDIREIE R «
FAIRIRRFERENERRS > 24 TR0 160W > PREHE IR 64% » BERCE 35.1% - FiE
HEIHI A & AFTE NI kW BB RS - REE AR A T e%ET
BUENRlTRE & -

(+=)  ZWETEGET A SOFC Feiiy_LATRHFREI%S 7 » EE i I ~ AR il R Bl
EEF BT R - EIH SR EEE ¢ SOFC BEHERET S 4R AR finha 2%
Finz - SOFC #E et EpsaE = - SOFC PR At BB I B 5 B
FER= - KEFEREFEEERE  REFFEIR ORor 250 R K ER
FEmaE S BN E B 2R R - W BB N SE AT B BN GRS R
WNEHFRUEESS RN AR ERE - DUETL BB R oV EEH - 2
R SRR SOFC Hfla iz SE R e Ry Pl je B AR IRV B S 2 — -

(T=)  TEREAIFEET7 1 RIS o PARIEE Rl 78 BL s IR <« RALBUF LS &
DR AR ~ MRS kB E » 85 © (DB BEEE B3 E A
SZHATEAER 5 QFEMHEBINRI S 2 AH BT S 2 &g it » (3L IGFC

(Integrated Gasification Fuel Cell Combined Cycle) Z4i%& &yl EH 2 % 0 FER -
BEAL - FH A BRI SRAE T B 3 - (CHESRRE R I RS E » BE (V&S
BIANES) - MRAMEES - E1UrEE S - BE RIS EE » Q= RKIEEMEZE
TS RS B S AN ARGl 5 Q)RS T RS E AR LS © (DIEREIE S
{E » ABINIBSA  BUGZERIE: - PR 785 meS -

(TP EERKE S5 - A LR IR H eSS [EAR R &R - R FREIRAVAR K H B
=% SOFC PRI R A (LRE IR 2 R ACEEIRAY EE 2R iy » FHEA SOFC EZE#KF
A Ry 2R RE RV EE B 2 — B S B R IE A5 88 IR Reg Y K 23K
HETRERHEER HEEVIE LT » ©84FF SOFC K IGFC %1 Fyle 28 2 il ek
HEs —IHEEAETR ROl - BIN#EAIAREE R E E= - #ORRRFEEE 99%
DAk FE 2 ERAER EAS AR T » BMERNBUN R BCZ tHEE - MBS
SRR EFEBF ] - SOFC #f it AR SRR ~ B A bR R K E KRR E
RAE A ChRPEIAIERS - Bk B SoE B R S » IRE VAR A B RS
FEEE » DASERE A Rl T A RA RE R SR -
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(T5) ERTEINEREIL SOFC SRR Z Bz O Riln 2 FeEaE & > R E A E T
By o RS RIHET R RV UERR > SRR GE - B - 2 &
JRo DR AA G > 2R A LIEENSETLH 2R R > Wi B N RIS AE
FEREE G A NIRRT - BURBRF IHEE H i A A e B SR AR PR I A - it
W) - EHERES IR  EC B R TL R B PR R IR SR - SRR
i~ ERCR AR RS -
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-~ BEEH
()RR B L BARERN . SOFC BRPRGmIE ROPAR BRI R R Ea i — 2 > FR AP
{£ 5% SOFC HISHIBIFE N B s B SR 5R—(EEE RSV & » R(EEIA SOFC Hybft% Al

ERARRFEER - S SR PR 2 SRR KORG8 S, R SOFC sl - 5 NE
RME  IRES - LR EINRITEERCR ~ R EIPR ANREE (f - R0 2R 51 & 2
1T RERY -

() H AT H AT SOFC R i L am ~ 5B R AR IR R B BSURTE 58 07 S s EC B A
WFFErRE - B A R FEST - MR BRI KRR R iR 2% - SIS S HEES MY
il DAhnERL ity > s 5 P RAVEEE SOFC #wiE FHRH AR /EE A 200
IR SOFC Ffrss fRrys@ A O« H H I e B = Bl 22 e M & SOFC &
18 - DI RS EAVIRE] > RAPRAVESE R AJTER » 8t H RIS SOFC 5T 725
I U A AR 2 i S N RES SR  RIIDUTIRER A #E&(L 2 - Bk
A LBIES . B F  NIZREoZE ZE(CRVHERE § APl R BAEE SR SS » SoRE
FLBRE R o e EI R B RGZER - A BEAE AR K SOFC #Y~F-& BALH —F 3 -

(ZE)ERCE SOFC BARMEM Ry (LRE IR 2 I ABERAY B BT - PHEA SOFC
R R BRE R E S EE 2 — - BUNIREHRESE - B - 2 EFR > A
FEE > 2T ALIERI T H L2 RlstE - WEHBNELERET) - 2558 E
AR T RRAVFF & 5 ARREEN I E 2 o 28 R SRR I A - IR Y - B
HERES R - AR E AN L B B R AV E R - SR E R — (R ~ s
Z TR -

(MOTE 1R GBI 7 3] R SR E - AR SRR il 75 B e R~ RALEBL R Liiss & - DU A
REJR(E RS ~ IME S LB E - B © (DET D BEUEVE N R E A
oM Q)R HEEARL B~ FHRAITERE K A 4igag et © (3) @17 IGFC(Integrated
Gasification Fuel Cell Combined Cycle ) Z 4B Fe Tl fEH 2% O Be = © [EAN » B
BI4RRERTELAESE - (CHESRRERUT R R AERLER S - BFE - (DESBENES ~
ROLERESE > BIUREETE - BEFINEEE © Q= KIEEMEENEREEE
JRAFEART MG 5 Q)R afeigiE T RS A (R AL B  (DIIREIFEATE - DIEINE
7 BLEFERE > R T e -
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Intermational conference on SOLID OXIDE FUELL CELL and ELECTROLYSER

10" EUROPEAN SOFC FORUM 2012

26 - 29 June 2012
Kuftur- und Kongresszentrum Luzem (KKL) Luceme / Switzerland

Schedule of Events

Tuesday - 26 June 2012 1000- 1600 Exhbiton set-up
1D00-16:00 Tutorlal by Dr Ganther Scharar & Dr Jan Van herle
1400- 1800 Poster pin-up
16:00 Ofhoal opening of the axhibition
1600-18:00 Regstraton (continued on folowing days)
1600- 1900 Waelcome gathering on terrace above registraton area
from 1500 Thank-You Dinner according to specal mvitation and Networking meetings (in mdinwdoal groups)

Wednesday ~ 27 June 2012 0800.0900 Speoakers Breakfast (World Café at ground fioor KKL)
0900- 18:00 Conrference Sessions 1-5 includng keynotes on mlernational averview from Europe, China, Japan, Kotea and USA
Poster presentation by authoes, notworking and exhibstion
1230 Press Conference (by imatation anly)
1B830-2300 Swiss Surprise Event (optional separate regestration )

Thursdoy - 28 June 2012 0E00-09.00 Speakers Breakfas! (World Calé a1 ground Boor KKL)
09.00- 18.00 Conference Sessions 6-10 inciuding technical keynoled on sdvanced charactensaton and diagnosis
Poster presentation by authors, networking and exhibition
0900- 183.00 Access to poster area
1930-23.00 Geeat Dinner on the Lake

Friday — 29 June 2012 0800 - 09:00  Speakers Breaktast (World Cafa a1 ground foor KKL)
0500- 1600 Conference Sessions 11.15 nclding keynotes on SOFC for Distributed Power Generation,
natworkng and axhibiion
0500-12:00 Access 1o poster area
1200- 1400  Poster ramoval
16.00- 17.00 Award & Closing Ceremony — Chrstan Fredich Schonbein & Hemann Gahr Awards

Conference Session Overview

rmer Saal (ground fioor) Auditorium (1

Plenary 1 - Opening Session & International Overview

Plenary 2 - International Overview

AT ERCR Nl Wl Poster Session | wih topics fom Sessions ADS, A0S, ADZ, AD9, A10, B10', A1, A12, A1) froe

Company & Major groups development status | (EU) [ L3 Cell materials development |

Company & Major groups development status || (WW) R:=IEl Diagnostic, advanced characterisation & modelling |

Plenary 3 - Advanced Characterisation and Diagnosis ’

Cell and stack design | SOE cell material development

RS TR G TR Nl (LT Poster Session || with topics from Sessions B04, BOS, B07, B09, ', B11, B12, B12 n Seasi

Cell and stack design Il (Mstal Supported Cata) Cell materials development Il (iT & Proton Conducting SOFC)

Cell operation Diagnostic. advanced characterisation & modelling Il

SOE cell and stack operation Fuels bio reforming

Cell and stack operation Interconnects, coatings & seals

Seals

Stack integration, system operation and modeliing

Plenary 4 - SOFC for Distributed Power Generation

Plenary 5 - Closing Ceremony

ae 10th EURQPEAN SOFC FORUM 2012 -3
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Conference Schedule and Program

Wednesday, June 27, 2012

Sall(gomdlbu)

Moming

International Board of Advisors
0o L ¢ Prol. Robert Steinberger (Chair; FZJ | Germany)
Weicome by the Organizers YADIOY » Prof. Frano Barbw (Unidovichet / Croatia)
Ofivier Bucheli, Michael Spirig H ¢ Dr Ulf Bossal (MLMUS AG / Switzerdand)
E E L Switzedand . o Dr Nieis Chostiansen (TOFC / Danmark)
. . o Dr Kart Foger (Caramic Fuel Cells / Australia)
: ¢ Prol. Angelka Hemzel (Z8T / Germany)
0905 | Weicome by the Chairwoman ;"mm o Prof. Eban bers-Titse { KIT / Germany)
Florence Lefetvre-Joud : » Prof Deborah Jones (CNRS / France)
CEALfen. Grenoble/France ‘ « Prof John A Kiner (Impenal College London  United Kingdom)
H « Dr Jan Kiviaho (VTT / Finland)
1 15 | Welcome to Switzerland the Smart Research Place :A0103 o Dr Rusyn Lee((VNERrY.;wan)
Rolf Schimitz ' o Dr Florence Lefebrve-Joud (CEA / France)
Swiss Federal Ofice of Energy SFOE, Berm/Switzertand . o Prof. Garan Lingbergh, (KT1/ Swedan )
H ¢ Dr. Mogens Mogensen (Rse / Denmark)
0530 | The Status of SOFC Programs in USA - 2012 LADIDA o Dr. Angelo Moreno (ENEA / Raly) )
Danied Driscoll &ms M White ' o Prof Kazunan Sasaki (Kyushu Univarsity / Japan)
(.S DOE v T H « Dr. Ginther Scheret (PSI { Switzertand)
3. DOE Naicnal Enengy Tacknoligy Labaoraory: MseganiomntiSA s « Dr_Ganter Schilier (DLR Stuttgart / Germany)
S : « Dr. Subhash Singhal (Pacific Northwest National Laboratory / USA)
1000 | Current SOFC Development in China: Challenges and :A0|05 » Dr. Martin Smith {Uni St Andrews / United Kingdom)
Solutions for SOFC Technologies H o Prof. Constantinos Vayenas (Uneversity of Patrss / Greecs)
Wei Guo Wang : o Prof. Mastin Winter (Ui Manster { Germany)
?uwwag%m!mm. &m&lrmned H o Dr. Christian Wunderich (IKTS ! Germany)
echnology ngneenng, Chinese Academy of Scences; .
Ningba/China .

Moming

Europe's Fuel Cells and Hydrogen Joint Undertaking

Berl de Colvaneert
FCH JU; Brussels/FU
1130 | Commercialization of SOFC m-CHP In the Japanese
Market
M. Atsushi Nanjou, Mr. Yamaguchi , Tomonarn Komiyama,
Toshiya Nakahara
JX Nippon O & Energy Corporation, Tokyo'Japan
1200 |High Temperature Fuel Cell Activities in Korea
Nigel Sammes, Jong-Shik Chung
POSTECH, Pohang/South Korea
1230 Lunch Break - Lunchis served on 2 Floor - Terrace
. > Coffes ts served on Ground Floo in the Exhibition
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Wednesday, June 27, 2012
]
4A Luz r Saal | 4' Auditoriu
14:30| Company & Major groups development status | (EU) (A04) 1430 Cell materials development 1 (B04)
SOFC Syitem Development ot AVL (A0401) L | Matetial Properti detlying Selid Oxide El A (B0a01)
Forgen Recntee: Michae] Fetasiy, Martn Mauth, Fetss Prasmnger AVL List Sl Graer Ausia Magers Mogensen, £ Veb Haroes, Pedey Hoftapoess, Torbes Jcodeen, Fusd Cods and Said State Chemmssy
Oivesion, s Maseeal Laborassry ke Sestainabie Erengy, DU, Rosidde /Dew
Stats of the Saltd Oride Tuel Cell Develagment ot Topsoe hurl ol ArS are Sise DTV (A0402) e L
Nieh Oheutimnnen (1), Somn Prandadd (1), Mace Wande! (7] Srwsten Rarsousee {71 Ao Magen (1) La ared Ca doped STIO - A vem Acsite defichent stronshen Tanates o SOFC sedes (80402}
1) Tuguase Fonl Col AZK, yrghey/Dervvak, (33 St DFLL Ravishlel Oonsunt Master £ Vedraeler (1], ot Smarnedes 00, Atdheas M G 12be 15 bview ()
(e ol 4 s UL s { el
nte odthe and the 1000 N P (1) Urenarsity of 51 Andomwny 5 Andoesn /UC () ean A Wimet Bt /Satderlend
(ADAOY) h ch J af Re-omd. Stable ¥5(MO, Ceramic Anode Schewae Maserial
ot N, Dom samchez, Solng Deader Uel Wssen, Dk Maberimaok, Voler Nerkcr, Slrsanae: Schuser B0ANT) Viocne b vm Bogan Maarg, Ooed Ma, Park Tetz, Xrpes Malzhencer
Henks Lo Wirmerthae Switoeslonsd Foncsengmrum Nioh GeM, inttute of Esergy and Climunte Researth (XY Nach Getrary
Development and Mansfacturing of SOFC-based produxts at SOFCpower SpA (AD404) Doped La, oM, (0,0, (A=Fy, N& B=Ca, Z1, Y) a5 (TSOFC cathode (B0304)
Maigwo Beradl. Olwer Buchel Aens ¥ Ravegtd, SOFChower T Peagie Valugaes taly Laeta havorene, Marks Faboel, Ceolla S5, Jood M. Sens, dnidtato de Tecnaiogia Quirics (Uaieeriddad Melndonkcs
de ¥ Seseder e tigecenes Genifiin) Valescla s
Becent Sewilts in KICH SOFC Tochnalogy Develapment (A0404) oo e conamacee | octaisooy
Lustger Sam (1), Bt e tamt (1], rpen Mulibmrcier (1), Nodet Meonrier (1), soed Rerveaed () and Ch ol LSCH/CG0 thades for SOFCy (3040
fubert Semberges Widions (1) Arrs Cante (1), Moberts “pomormn {11, Norbert Wegeet | 1], Seymeg M (1) Viaby Pty (1] 04
(1) romchongmrertrem Nikch Gmést, Swatioe < Erergy 90¢ Chezme Revegnch GEX) Micr 7/ Gemvany Wogeng G Deier (1), {2 Auff Ansar (1L (1] Gerwnan Acraspan Coree (DUAL inatiute o Pechranal
{2} Femitergguentran Wh Gedds, Crntosl mainge of Techookogy (Z27], GRS/ Cerrmany Mharrehyrurscs, Quttgan /Cirmany, () Usserstin Staagat, raitets of Trerecdmurss aed Purr
{3] Univenty tf Barangham, Schodl of (hreacsl Ingremieg: Brreeghan /UL fragreenng (TW) Ratigat/ Corrary
Compact and haghly efficiem S0PC Syvtems for ofi-gnd powes sakstions (ADI08) tffect af Ultra-then Zwcoma Blocking Layer os Perfoemance of 1 pm-thick Gadolinadoped Certe
Marfun Sokae, Greger Noboermann, Ame Sommerield. Alssander theog SOPC (DOMIE) Doz-Hwan Meong (11 421 Jongl Heng LI yengioong Yoon [1), Byseg-tock
rew aversay Grbit Nesbomdesbon | Gemany 0 (1), Moe-Vieon Lew (1), joog-Ho toe 1) F-Wom Son (1), Tus! Cafle Fonewen, i ; Seoul ISouth ey
() Verwel Lrvaeridy Degaryresd oF Materids ‘Canir ond ngmenmg Sennd 7South Yore
16:00| Coffee Break - Ground Floor in the Exhibition and 2* Floor in the Poster Session

5.

Wednesday, June 27, 2012

Luzemer Saal

| Auditorium

16:30| Company & Major groups development status I (Worldwide) (A0S) 16:30| Disgnostic, advanced characterisation and modelling | (B0S)
Latest Update an Deiphi's Solld Oadde Fuel Cell Stack for ared o MNi Growsh/Volasization Picare (BOS01) | Aroeas Schader (1) Boss weractez G}
(ADSOT) Carl Hattney, Scbdasinh Moo, S0t o, Delot Corporaton; W Hesiena /USA NY Lodere Mot [3), Marce Castasd (0], Tiomes Gaade [1), {1 ENFR, Dideaderd Smetreried, {J] Mews AL
Ode Develspaentat Varsa A58, ot/ Savine 20 DA, Wimte Ywrtre e e
Sclid Fonl Coll s ™ Wimterthar /Savierianed, () DRAN. Wemterthor Sartedand. (4] 1L Lasamre Switerlond
Bdae Sogium Sric lang Mithael Pastals Codation of nicke! In selid conde fuel cell anodes: A 1D Kinetic modebng spproach (80562
Wernd Powet Syiens;, Cagary 28 (Canads forathan P Neshash (1), (21 Wolgang G Besster {11 21 (1) Gevmean Acsmpace Contre OUN), bnnt of Techric
< Themodyraekcy; (7) Stegan Usky, . of Teemmadynamics and Thesral [ngineesrg; Taunzen /Germarny
SlwGen far turope — Commercialisation of Cerarmic huel Cols’ resiceertiol SOIC Product (A0S03) ) : T
el Poges, Comama Pasd Corly Gl Sewmimy (Gerramny NO studied by TEM and i situ XRD {B0503)
@ Jeangron [1), TW Mavsen (2], 1 8 Wageer (23, C.0. Dermagooet (2, B £. Ourin-Sofowak) (3], 1 Vo Peste (4)
SOFC system Imegration activities in HIMTE (20504 A vesaier-Wner (1), 1) UYL insevciotpinary Crmm v ecoyon Smmsergy, Lunams (Swtreviens],
Shuang e, ler Ferg, Ba Wasg, S U Chen, Gn Waag, Wet Gao Warg (21 57U, Cormer for Uectrom Mavmaupy, gty / Desmart. (1) Jtlch Seseasch Contre, tmat Pustas Comme.
Chinece Acadermy of Soeaces, Feet Cof sod Evagy Tevaohogy Divisan, Nngdo Srattute of Materah WA Germany (& DL Lsbmamiary b Sndastol Dnevgy Svstere Lasarre Swtaeriand
Techrolugy s Engeesg: M T
= s LETS of Oxide Al Dlectrode Surfaces (BUSOA) kv Kirey, Stepher Srnee Morica Sarde,
Marce Syrsanal &, bvperil Cotiage London, Degerment of Marerisbe London (UK
Rany ' Low, YangNeng Cheng Charg Sing Haasg, Maw Onass Lo
witiate of Madesr Eoergy Research; Longian Towmship! tewan BOC deMuhmmmdmmmp
Fith Suxtwe Wereet S0 Moamanarsvenitnt (soben, Char of Myscdl Chemvctry: [sctant A
W
md?mmm,dl,omlﬂhﬁm waumwamuwuauumummme
T o Alean (AUS06) c 3 0. Wt (1), A Wienzzaroe (1), W Ceett (0. W Padn
i 4“":”~ .- mu Taghviont (0L 7 Veber (11 ) Srweier (11 LA Xty (28, $1) Urwvemsae o Bordhesen, CMRY, SCMCE, Pesac
oien St Dinivartoonany Coew Prmce. (7} smpecial Cobege {ondor. Deparyment of Masviske LondonLE, (1] LERA, LUK £157-ONK-CEA,
Bl Ceden/franan, (4] nrscti dn bamnen, e e
18:00| End of Sessions
18:30| Swiss Swrprise Registered Participants meet at the Lakeside of KKL around the large Fountain
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Studies of Solid Oxide Fuel Cell Electrode Evolution
Using 3D Tomography

Scott A Barnelt, J Scolt Cronan, Kyle Yakal Kremski
Northwestem University, Department of Matenals Scence;
Evanston/USA-IL

impedance Spectroscopy: A Key Tool
for SOFC

André Leonide (1), André Weber (2), Ellen Ivers.- Tillée (2)
(1) Siemens AG, CT T DE HW4,; Edangen/Gemany

(2) Kastsnuher Institut Sor Technologe (KIT), institut for Werkstoffe der
Elekyotechnk (IWE); Karlsruhe ¢ Germany

In-operando Raman spectroscopy of carbon

from Carbon Monoxide and Syngas on SOFC nickel

Gregory J Offer (1), Robert C Maher (2) , Viadislav

Duboviks (1), Edward Brghtman (1), Lesley F Cohen (2)

and Nigel P Brandon (1)

(1) Impenal Colege London, Departiment of Earth Science Engineenng
LondonUK

and,
(2) Department of Physics, imperial College London, London/UK

Thursday, June 28, 2012

Scientific Advisory Committee
Dr. Florence Lefebvre-Joud, CEA, Grenoble, France (Chair)
Dr John Boagikd Hansen, Haldor Topsoe, Denmark

h‘wl’ﬂn Karlsruhe lnum:dT'd'nobgy Germany
A Kiner, Impenial College London, London, UX
Matti Noponen, Wartsds, Findande
Nathalie Peog\y Sant Gobain, Cavailion, Franos,
Lide Rod

[y TOurS

1

1%

The Scemific Adenary Commones munh«mbnmmmwmnvln
10" CUMOPEAN SOPC FOMUM 3012 Thix zamed kan
a5 schnizal manen

 Intermittence with Refreshmants served on Ground Floor in the Exhibition

7.

11:00

Thursday, June 28, 2012

7. | Auditorium

Luzerner Saal

Cell and stack design | (AD7)

Co-sintering of Solid Oxide Fusl Cellt made by Aqeenes Tape Casting (A0701)
Srhanng Shutratesd (1), [J1 Bl Catutedon {11 Sengr £ Noleder {0

(1) Swverea IVF A8, MO0 Seden

() Outwmrs Usesrsty of Techasogy Cesamrest of Apged My Gltedbong /Saeden

Powder Meiding of Sofid Quide Fust Cell (20702)
Aovoren Py (1), Apvedie ey (1), b Gampsd (11 £ Cameng-Mowll (11, Jan Yoy Hevle (2
Lacrare Wighne (1)

(1) Ussersty of Appiest Scwmos Westen Switzwriand, Deagn and Matedah Unk; Sion [ Seitreriend
(0 UMY Labnatary of Medontid Eomegy Yystmens (LEAG) Lantww | Smtpwriared

(1) T emvamun ~ SO8C posmer, Ywerdons-doy. Banmy/ Soviperiond

Inkjet Printimg of Segmented-m-Series Solld-Omde Fuel Cefl Architectures (A3703)

Ve Fogeresteet [ 1], Wicolaes Famo (1}, Brion Gosvan (21 Nead P Sulisan (1)

(1) Tolmeado Scvool of Mines, Coleado Fuet Cell Certer Coden/LSA-C0

{2) Cofemady Puei Cell Corme: Tndonaddo Sthool of Mines, Menafirpics! amd Material Engissenng Cepenvent
U0

Miriaterioed brew-standing SOFC mersbeanes on wican chps (A0J04)

Mo P (0L A Symes (V)L A ThEe (1) MVF SChho 1) & Sohemey 0] 2 Yiag (11 L Manyscauk (1)

O Petha (11 M Ma (1) S Latbanchind (1] A Babwele Hiner |11 L4 Guathder (1) ¥ Saks 120 T Faniies (2
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Poster Session Il - B04, BOS, B07, B09, B11, B12, B13
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Luzerner Saal

9

14:30| Cell and stack design Il (Metal Supported Cells) (A09) 14:30| Cell materials development Il (IT & Proton Conducting SOFC) (B09)
Micro-SOFC supported by a thick Ni film (A0901) Nanostructured Electrodes for Low-Temperature Sofid Oxide Fuel Celis (B0901)
Younki Lee, G Gyeong Man Choi, Pman; University of Science and Technology (POSTECH), Fuel Cell Research Thongliang Zhan, Da Han, Tianzhi W, Shacsong Wang, Tinglian Wen, Chinese Acsdemy of Soences (SICCAS),
Centar and Departmant of Matenais Science and Enginaering: Pohang/South Korea Shanghai institute of Ceramics, CAS Key Laboratory of Materials for Energy Conversion; Shanghai/China
Thin Electrolytes on Metal-Supported Cells (A0902) Protonic Ceramic Fuel Cells based on reactive sintered BaCey 2ry ;Yy o3 electrolytes (B0902)
S. Viewager (1), R. Micke {1). N. H. Menzler (1), M. Ritinger {2}, Th. Franca P. Buchkremes (1) Shay Robinsan (1), Anthory Manerbino (1), (2}, Sean Babinec (1), Neal P Sulfvan (1), Jiznhua Tong (1),
(1) Forschungszentrum Jifich GmbH, insttuts of Energy and Climate Resean ; Julich! Germany W. Grover Coars (1), (2), (1) Coforada School of Mines, Department of Mecharical Engineering,
(2) PLANSEE SE Innowation Senvicas; Reutte/Austria Colorada Fuel (el Center; Golden/USA-CO, (2) CoorsTek Inc; Golden/USA-CO
Advances in Metal Supported Cells in the METSOFC EU Consortium (A0903) Ezandon | McKenrs (1), ITSOFC based on i and electrodes (B0903) Messsoad Benhamira {
Niefs Christiansen (1), Richard Schauper! (2], Pater Prenninger {2), Peter Blennow {3), Trine Kiemensa (3), Anndlise Beill {2), Anne Morandi (4), M.L E!th (1% A Le Gal L2 Safie (1), J. Bassat 2], ). Sami (3).R.
Severine Ramousse (3, (1) Topsoe Fuel Cell A/S; yngby/ Denmark, (2) AVL List Gmih; Graz/Austria, (3) Rise M. Caides (1), M. Marrony (4), 0. Joubest (1), (1} Inst. des Mstériauux Jean Rouxel (MN): Nantes
DTU: Rosiide/Danmark i 2 de 13 Matitse Condansée de Sordesi; PESSAC/ France., (3) Marion Technologie (MT); Vermio®
Eusopean Inst. fur Energy Research Karlsruhe/ Gammany, (5) CEA-Grencble/LITEN/ DTBH/LTH; Grenoble! France

Stack Tests of Metal-Supported Plasma- red SOFC (AD904} Patric Szabo (1}, Asif Ansar (1), Thomas 3 & 2 :
Franco {7), Mao Gindrat (3), Thomas Kisfier (4] (SWJVI German A :efmpa()e Centra (DU ‘7( Institute of ‘\Em"al New c”,‘" (zl_hode_s of Electronic and mr'ml!( ‘°““E“"9 (e\lanlc_(yu?osﬂe‘s_for:m}on' X
Thermodyramics; Stuttgart/ Germany (2) PLAN Innovation Senvices Reutte/ A, G Sulzer Metco AG Conducting Solid Oxide Fuel Cells (B0904) Cesilia Sois Vicerie B.Vert, Maria fabuel Lausa Navanete (1),
Wosilen/ Switzerland, (4) ElringKlinger AG; Dettingen, Exms/ Germany José M. Serrz (1), Francesco Bazza (2), Nikoizos Bonanos (2), Universidad Poftécnica de Valenca, instituto de

- —_— : Tacroingia Quimica; Valenca/Spain, (2) DTU, Rise National Laboratory for Sustainable Energy, Fuel Calls and
Tubular metal supported solid oxide fuel cell resistant to high fuel utilization {A0905) Sofid State Chemistry Department; Roskilde/ Denmark
Lide M. Rodniguez-Martinez, Laida Otaegy, Amaia Arregi, Igor Villareal, lkerian, Centro Tecrologico; Alava/Spain Cathode Materials for Low Temperature Protonic Oxide Fuel Cells (B0905)
Quality Assurance Aspects for Metal-Supported Cells (A0906) M.D. Sharp, 1L A. Kilner, Imperisl College London, Dapartment of Matesials; London/ UK
M f{zy:m (1), Th. Franco (1), R. \lkk‘e.ﬁ’ /{‘.VRL'::n;er (1), N.H. Manzier (2"v HP il_\d]kr{arﬁ @ Characterisation of PCFC-Electrolytes Dep d by Reactive Magr q (BOS06)
A_ \:’ef'::knml _1;.\L 5.5 (1).(1) P.:‘_A. ESE, |n|:l7l?'.:)’| &T’I'ﬂCES,' R?u:tz.fwsha. {2} Forschungszentrum Mofammad Azab Pour Yazd {1), Pascal Briois (1), Samus! Georges (2), Alain Bibard (1), (1) LERMPS-UTBM;
Jdich GrbH, Insttute of Enesgy and Climete Research; Xifich/Germany Belfort cedex) France, (7) LEPMI, INPG, ENSEEG; Saint Martin d'Héses Cedex/ France

|16:00| Coffee Break — Ground Floor in the Exhibition and 2 Floor in the Poster Session

Thursday, June 28, 2012

Luzerner Saal

0

16:30| Cell operation (A10) 16:30| Diagnostic, advanced characterisation and modelling 11 (B10)
Ni-agglomeration in Solid Oxide Fuel Cells under different operating conditions (A1001) Elementary Kinetics and Mass Transport in LSCF-Based Cathodes: Modeling and Experimental Valida-
Boris wanschitz (1), Lorere Hofzes, Andeeas Mai (1), Michae! Schitze, (1) Hexis Ltd.; Winterthur i Switzeriand tion (B1001) Vitalry Yurkiv (1}, (2}, Rémi Costa (1), Zeynep lihan (1), Asif Ansar (1), Wotigang G. Besskes (1), (2)

b N (1) Gesman Aesospace Centre IDL";. Institute of Technical Thermodynamics; Stuttgart Germary
and of High Per e Cathodes (A1002) Martin Segaard, Alfred " < : 2
1 Samson, Nikoios Bonanos, J. Hielm, P. Haimarsson, S.P.V. Foghmoes, T Ramos, Technical Univ. of Denmerk, Rise (2 ekt Stuticrn. Insfituke o The oo . Theraal Engiaesing UTW: St gatt/ Gegmany
National Lab for Sustainable Energy, Fuel Cels and Solid State Chemistry Division; Roskilde Deamark Three and p of porous LSCF cathodes (81002}
= Chen, Xn Wang, Finn G A College of ) UK
Chromium Poisoning of LaMnO;-based Ca within ralized Approach (A1003) Haruri Thangwei Chen, Xim Wang, Finn Giufiani, Alan Atkinson, n‘wts College London, Dep. of Materiaks; London/
Yokokawa {1), Tesubusa Honta (1), Katsubeko Yamaii (1), H. Kishimota (1), T. Yamamoto (2), M. Yoshikawa (7], Modelling of Coupled Transport Phenomena within Detailed Oxide Fuel Cell Electrode
Y. Mugikura {2), T. Kabata (3), K. Tomida (3), (1) National Inst. of Advanced Industral Science and Techmology, Microstructures (B1003) Duncan A W. Gawe!, Jon G. Pharoah, Queen’s University, Degartment of Mechanical
Enengy Technology Research Inst.; Nagasaki/Japan, (2) Centsal Resesech Inst. of Electnic Power Industry (CRIEPI) and Matesials Engineering; Kingston/Canada
/ (3) Mitsubi 5 s 1.

Kanagawal Japan, (3) Mitsubishi Heavy Industry, Ltd.; Nagasaiif lspan Mechanical Char istics of Bl with R Ultrasound Sp oy (B1004)
Chromium poisoning of La, ;Sr, [Co, JFe,,0, , in Solid Oxide Fuel Calls (SOFCs) (A1004) Wakako Araki (1), Hiderori Azuma (1), Takahiro Yot (1), ¥ Arai (1), L Maizbender (2), (1) Ssama University,
Soo-Na Lee, Alan Atkinson, John A Kilner, Impena! College London, Department of Materiaks; London/UK Graduate School of Soence and Engineering; Satamal lapan, (7} Forschungszentnum Jich GmbH; Kisch/Germany
Evaluation of Sulfur Dioxide Poisoning for LSCF Cathodes (A1005) fangfang Wang ¥atsuhiko Yamaj, 3D FEM hq)edam:e Modem" LSCF-Cathodes (B1005) Andreas Haffelin (1), Jochen Joos (1), Jan Hayd (1),
Manee! E. Brito, Do-Hyung Che, Taro Shimonasano, Mina Nishi, Haruo Kishimoto, Teruhisa Horita, Harumi A Weber {1 (1), (2), Karisnsher Institut fir Techmologie (K }Institut fir Werkstoffe des
Yokokaws, Nationa! Institute of Advanced Industrial Soence and Techrology (AISTY, Ibarakif lapan Hektrotachaik () G (em— for Functional Nanostructures (OFN): Karseube/ Germany
Reversibility of Cathode Degradation in Anode Supported Solid Oxide Fuel Celis (A1006) Detailed electrochemical characterisation of large SOFC stacks (B1006) 2. R. Mosbak (1), 1. Hjelm (2),
Cornelia Endies-Schuck (1), (2), André Leomide (1), André Weber (1), Elien lvers-Tiifée (1), (2), A. Barfod (2}, J. Hegh (1), L Mikkelsen (1), PVl Handriksen (1), 1) Technical University of Denmark, Fue! Cells
Karisruher Institut iir Technologie (KIT), (1) Institut far Werkstoffe der Elektrotechnic (IWE), and Sofid State Chemistry Division, Risa Nationa! Laboratory for Sustainable Energy; Frederiksbosgvej/ Denmark,
(2) DFG Center for Functional Nanostructures {CFN): Karlsrube/ Gesmany (2} Topsoe Fusl Call A/S; Lynghy! Denmark

18:00| End of Sessions

19:20| Dinner on the Lake Boarding 19:20, Lakeside of KKL pier 5/6 — back 23:30 (short stop in Brunnen 22:30 for early return by train)
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09:00( SOE cell and stack operation (A11) 09:00| Fuels bio reforming (B11)
High Temperatura Co-electrolysis of Steam and CO, in an SOC stack: and i istry of Fuelled Anode-Supported SOFC (B1101)
(A1101) Ming Chen (1), Jens Valdemar Thonald Hagh (1), Jens Ulrik Nielsen (2), Janet Jonna Bentzen (1), Alexander Kromp (1}, Ancré Leonide (1), Andsé Weber (1), Eien ivers-Tifiée (1), (2), (1) Karisruher Institut fis
Sune Dalgaard Ebbasen (1), Petar Vang Hendriksen (1), (1) Technical Uriversity of Denmark, Fuel Cells and Technologie (KIT), Institut fir Weskstofie der Elsktrotechnik (WE); Karlsrube/! Gemminy, (2) DFG Center for
Soiid State Chemistry Division, Rise Nationa! Laboratory for Sustainable Energy; Roskilde/ Deneark, (2) Topsoe Functional Nanastructures (CFN), Karisruher institut fir Technologe (KIT), Karlsruhe / Germany
Fuel Cell A/S, Nymosdieyej I Denmark
1 Col AT Nymoelleve G5, yogty/ Derimak Catalytic properties of a Ni-based anode under dry reforming of methane (81102)
4 kW Test of Solid Oxide is Stacks with Elec upp Cells (A1102) Cosimo Guersa (1), Andrea Lanzini {1}, Pierluigi Leone (1), Massimo Santanelki (1), Nige! Brandon (2)
LE.O'Brien (1) X Zhang {1).R, C O"Brien (1}, G. K. Housiey (1), L Moore-McAteer (1), G.Tao (2) {1) Department of Energetics, Folitecrico d Torino; Torina/ltaly, {2} Imperial College London, Department
(1} idzho National Laboratory; idsho Falls/USA-D, {Z) Materials and Systems Research, inc.; Salt Lake City/USA-UT of Earth Science and Enginesring; London /UK
Enhanced Performance and Durability of a High Temperature Steam Electrolysis stack (A1103) Minimising the Sulphur Interactions with a SOFC Anode based on Cu-Ca Doped Ceria (B1103)
A. Chatrowx, K. Couturies, M. Petitiean, M. Reyties, A. Brevet, 1. Mougin, . Lefietnre-loud Asaceli Fuerte (1), Rita X. Valerzuela {1), Maria José Escudero (1), Loreto Daza (2), (1) Centro de Investigaciones
CEA-Grenoble, LITEN;, Grenobla/ France Enespéticas Medioambientales y Tecrologias (OEMAT); Madrid/Spam, (Z) ICP-CSIC; Madrid/Spain
Electrolysis and Co-electrolysis performance of a SOEC short stack (A1104) Gas Transport and Methane Internal-Reforming Chemistry in Ni-YSZ and Metallic Anode Supports
Stefan Déethelm (1), Jan Van Here {1), Dano Montinaro (Z), Ofivier Buched (3), Ecole Polytechnique Fédérale (B1104) Amy E. Richards, Neal P. Suliiven, Colorado School of Mines, Colarada Fuel Cell Center, Mecharical
de Lausanne, STHGM-LEN ME A2 435; Lausanne/ Switzerland, (2) SOFCPOWER; Mezzolombardo/ Italy, Engineering Department; Golden /USA-CO
3) Htcesamix; Yverdon-les-bains/ Swetzerland = 2 N N _
@ T TN Hi biogas electrification by an SOFC-system with combined steam- & dry-reforming
SOEC enabled Methanol Synthesis (A1105) (B1105) lara Oelze, Raiph-Uwe Dietrich, Andreas Lindermei;, Clausthaier UrmweRttechnik-insEtut GmbH;
John Bagild Hansen (1), Claus Friis Patersen (1), B Dybigzer (1), Jens Ulric Nielsen (2}, Niefs Christiarsen (2) Clausthal-Zellerfeld/ Germary
1) Haldor T AJS; lyngby/Denmark, {7) Topsoe Fuel Cell ASS; L | Denmark A i\ Y 3 % A
1) akdor-Topase A% tynghy Deuairk, (7} el CellASS; yngby/ Deamark Adiabatic prereforming of ultra-low sulfur diesal: Potential for marine SOFC-systems and
Direct and Reversible Solid Oxide Fuel Cell Energy Systems (A1106) experimental results (B1106) Fedro Nehter (1), Hassan Modarmesi (1), Nis Keinch! (2), John Bagild
Nguyen Q. Minh, Center for Energy Research, University of Caifomia, San Diego; Lz joda/USA-CA Hansen (3), Ansgar Bauschubte (Z), Jorg vom Schioss {2, Klsus Lucka (2), (1) TOPSOE FUEL CELL; Lyngby/ Denmark,
{2) Ot Waerme-Institut GrmbH; Lyngby/Denmark, (3} Halder Topsoe AJS; Lyngby/Denmark
'[10:30| Coffee Break — Ground Floor in the Exhibition

Friday, June 29, 2012
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11:00| Cell and stack operation (A12) 11:00( Interconnects, coatings & seals (B12)
Chemical Degradation of SOFCs: External impurity poisoning + intemal diffusion-related phenomena SOFC Stack with Composite Interconnect (B1201)
(A1201) Kazunar Sasaki (1), (2, (3), Kengo Haga (2), Tomoa Yoshizuzm (Z), H. Yoshitomi (2), K. Miyoshi (21 Sergey Samav, Heinz Nabielek, Soid Cel, Inc.; Rochester/ USA-NY
S, Taniguch (1), Y. Sniratoni (1), (2).3), yushe Univ, (1) Intem, Research Center for Hydrogen Energy; Fuluoka/Japan, . . = o o
(2) Facufity of Engineering: Fukuoka/lapan, (3) Intern. inst. for Carbon-Meutral Energy Research; Fukuoka/Japan :kclem D"?:S:;“ in Pre-coating of Stainless Strips for Interconnects at Sandvik Materials
Effect of pressure variation on power density and efficiency of sofid oxide fuel cells (A1202) H&ian Holmiberg, Mats W Luncbesg, Jargen Westiinder
Moritz Henke, Caroline Wilich, Christire Westnet, Florian Leucht, Josef Kallo, K. Andress Friedrich Al Sandwik Matesials Technology, Surface Technology RED Cantes; Sardhiken) Sweden
German Aerospace Center (DLR), institute of Techrical Thermodynamics; Stuttgart/Gesmany A % A 4 k:
A o Corrosion beh. of steel and coating in solid oxide
CFY-Stack Tednology from em: supported cells to high efficiency SOFC-stacks (A1203) cell (SOEC) (B1203) X W Kim (1), Cyril Rado (2), Aude Brevet (2), Seul Cham Kim (3}, Yong Seak Choi (3],
Stefan Meged (1), Mihaifs Kusnezoff (1), Nikokai Trofimenka (1), V Sauchuk (1), L. Schim (1), A. Michaels (1), Karine Couturier {2}, Florence Lefebvre-loud (2), Kyu Hwan O (3), Utrich F- Vogt (1), Andreas Zittsl {1)
C. Benest (2), M. Brandrer (2), A. Venskutonis (2), 5. Skrabs (2), LS. Sigl (2), (1) Fraunhofies Institute of (1) Siwiss Feckeral Lsboratonies for Matesials Science and Technology, Hydrogen and Erergy: Dibendort/
Ceramic Technologies and Systems; Dresden /Germany, (2) PLANSEE SE Innavation Services; Reutte /Austna Switzeriand, (2) CEA-Geanobie, LITEN; Grenoble Cedex 9/Fzance, (3) Secu National University, Dept. of
Development of Robust and Durable SOFC Stacks (A1204) Materials Science and Engineering; Seout/ South Korea
Rasmus G Barfod, Kresten Juel Jensen, Thomas Heireda!-Clausen, Topsoe Fual (e, Lynghy/Denmark Multifunctional na tings on FeCr Js— i e
Long-term Testing of SOFC Stacks at Forschungszentrum Jalich (A1205) Ludger Blum, Ute Packbrer, lzaak and scale growth (B1204)
Vinike, L. G 1. [Bert) d2 Haart, Forschungszentr. Jillich GmbH, Inst. of Energy + (hmate Resessth (K, Kiich/ Gesmany 1. Froitzheim, 5. Canovic, R. Sachitanand, M. Nikumaa, LE. Svensson
Study on y of i d Tubular in-Series Type SOFC Stacks {A1206) Kazo The High Temperatire Cormsion Centre, Chalmers University of Technology; Gateborg/ Swaden
Nakamera 1), Takaaki Somekawa (1), Kangro Fujza (1), K. Horachi (1), Y. Matsuzaks (1), S, Yamashita (1), # Characterization of a Cobalt-Tungsten Interconnect Coating (B1205)
Yokokawa (2), T. Horita (2), K. Yamaj (2), H. Kishimote (2), M. Yoshikawa (3), T. Yamamoto (3), ¥ Mugikura 3), N. Anders Harthosj, The Technical University of Denmark; Lyngby/ Dermark
Kasagi {4), N. Shikazono (4), K. Eguchi (5), T Matsui (5), S. Watanabe (6}, K. Sato (8), T Hashida (6), T Kawada (61, _ 3
K. Sasali (7), Y. Shisatori (7). {1) Tokyo Gas Co, Lid., {2) Nat. Inst. of Adranced Industral Science + Technology, (3) Barium-free sealing materials for high ¢ m cont: alioys (B1206)
Centzal Research inst. of Electric Fower Industry, (4) The Univ. of Tokya; Tokyo/ Japan, [5) Univ, Kyota/ fzpan, (6) Usi Dister Gadeka, lers Suffner SCHOTT Blectronic Packaging GrmibH, Product Division Glass; Landshut / Gemmany
Tohokul zpan, {7) Univ. Kyushu/Japan
12:30| Lunch - 2™ Floor on the Terrace Coffee - Ground Floor in the Exhibition
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A
13:30| Stack integration, system operation and modelling (A13) 13:30| Seals (B13)
Coupling and thermal integration of a solid oxide fuel cell to a magnesium hydride tank (A1301) Synthesis and characterization of glass ceramic seals for solid oxide fuel cells (B1301) Mavae! Jose
Baptiste Defhamme (1), {3), Andrea Laraini (2), Gustavo Adolfo Ortigoza-Vilialba (2), Paoio Squillari (2), Sitva 1), Saniz R. H. de Mello Castanhy o Tadeu Reis (2). (1) institutn de Pesquisas Energéticas e
Patrica De Rango {3). Semeon Nacher (3, 2 ). Massimo Santasalfi (2], (1) UIF-Grenoble Nuceares-IPENIUSP; 530 Paula/Braz, (2) Sant-Gobain innovative Matarials; Northborough/ USA-MA
G - P - CN noble/ F {2} Politecnico di Toring, D nergetica; Tonna/ % b
( rem':)le JF_. :ot\e rﬁ"(a .1) R J‘r:uuad ring, Dipartimento di Energetica; Torina/ Italy, Development of glass-ceramic sealants by a sol-gel route for an SOFC application (B1302)
(3) instinue Need Grenobla cedex /France i P - z N YAREDE
1. Pug{1), E Ansart 1), P. Lenormand (1), L Cadly (2), L. Artoine (3), R. Consadt (2), A. Pranger (d), S.Grass {5)
Effects of Multiple Stacks with Varying Performances in SOFC System (A1302) Betriz Cela (5), (1) CIRIMAT; Toulouse cedex 9/Fance, (2) EDF/EIFER; Karisruhe! Germany, (3) ADEME;
Matti Noponen, Tops Korhorer, Wartsi&, Fuel Cells; Espoo/Finland Angers Cadex 01/Franca, (4) GH RWTH Aachen; Aachen! Germany, (5) FZI; Jifich/Germarny
CFCL SOFC system tested at GDF SUEZ CRIGEN ~ thermal cycles, Electric Vehicle charging, Strength Evaluation of Multilayer Glass-Ceramic Sealants (B1303) Bzatrz Cela (1), Sorja M. Gross (1),
and ageing (A1303) Dirk Fedesmann (1), Renhard Cansadt (2), (1) Forschungszentsum Jisich GmbH, Centrzl Technology Division;
ane Hody, Krzysrtof Kanawka Jciich/Gen RWTH-University Aachen, Department of Glass and Caramic Composites, institute of Mineral
GDF SUEZ, Research & innovation Division, CRIGEN; Szint-Denis |z Piaine cedex/ France Engineering; Aachen ! Gammany
Modeling of the Dynamic Behavior of a Solid Oxide Fuel Cell System with Diesel Reformer (A1304) Self-healing sealants as a solution for improved thermal cydability of SOFC (81304}
Michael Dragan, Stephan Kabelac Sandra Castarie (1), Daniel Coillot {1), Frangois O Mear (1), Lionel Morzage (1), Renaud Fodos (2)
Labnz Unwversitat Hannover, institute for Thermodynamics; Hannover/ Germany {1) Université Lile Nord de France, Unité de Catalyse et Chimie du Solide; Villenewve d'Ascq (France
(2) CEA-CNRS-UMZ-ENSCM, Institut de Chimie Séparative de Marg Bagnols-sur-Céze cedex! France
System Concept and Process Layout for a Micro-CHP Unit based on Low Temperature SOFC (A1305) - ‘ . L N B o
Thomas Piadar, Laura Nousch, Wieland Beckert Long term stability of glasses in SOFC {B1305) Lars Christiznsen, Jonathan Love, Thomas Ludwig,
Fraunhofes Irstitute for Casamic Technofogies and Systems IKTS; Dresden/ Germany Nicolas Maee, David Selvey, Xiao Zheng, Ceramic Fuel Cells Limited; Victonia/ Austraia
Large SOFC Systems: Challenges and Implications of Using Muitiple Stacks (A1306) Impact of thermal cycling in dual itions on the mi stability of
Taro Hottinen reactive air brazed metal/ceramic joints (B1306) Jorg Brandenberg (1), Barnd Kubi (1), Tilmann Beck (1),
Wartsia Finfand Oy, Fuef Cals; Espoo/Finiand L. Singhesses (1), Moritz Pausch (2), Uwe Maier (2), Stefan Homas ), {1) Forschungszentrum Jiifich GmbH,
\nstitute of 7y and Clmate Research ([EK); Jifich/Germany, (2) EringKinger AG; Dettingen; Erms/Gamany
15:00| Coffee Break — Ground Floor around Registration Desk, 15 Floor in front of Auditorium

Friday, June 29, 2012

Luzerner Saal

15:30

A

Plenary 4 - SOFC for Distributed Power Generation (A14)
Potential and impact of distributed pawer generation for Europe (A1401)

Jonathan Lewis. Lotdon/ UK

Friday, June 29, 2012

Luzerner Saal

16:00| Plenary 5 - Closing Ceremony (A15)
Summary by the Chairwoman (A1401)
Florence Lafebwre Soud. CEAZDENT (tien; Glarobile/ france
Information on Next EFCF: 4™ P perc g all low funl cells) and N2 forum 2013 (A1502)
Michsd Spirkeg (1), 10 bo urnaunced, Clrver Buchest (1), (1) Europman §use Call Forum; Lusem /Sl
Hermann Gobr Award for the Best Paper (A1503)
Nttt Wagner, Gurirun Avtaspucs Contan [DUR) and Zuboss Elkteik GnbH & Cu. XG; Kranach/ Gaematy
Frindrich Schonbein Award for the Best Postec llast Sclence Contribution, Medal of Hanow (A1504)
Flarancn Latebyre-boud (1), UI tosanl (2), 1) CEAZDENT/Lsten; Genrotiln) France. (7] Earnpean Fanl ol barim
Thank you and Closing by the Orgonizers (A1505)
Ot Buchell Mchaal Spirg. Furapean Fuel Call Forum; Lussm/ Switzerand

17:00| End of Sessions - End of Conference
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Development of SOFC Technology at INER
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Tel . +886-3-471-1400 Ext. 7358
Fax +886-3-471-1408
| e gov tw

Abstract

The Institute of Nuclear Energy Research has committed to developing the SOFC technology
since 2003. Through elaborate works for years, substantial progresses have been made on cell,
stack, BOP components as well as system integration. Fabrication processes for planar anode-
supported-cell (ASC) by conventional methods and metal-supported-cell (MSC) by atmospheric
plasma spraying are well established. ASC cells with various compositions of electrodes and
electrolytes are investigated for different applncattons At this stage, the maximum power
densities of INER's ASCs are 652 mWicm® at 800 °C for IT-SOFC (600~800 °C) and 608
mWIcm at 650 °C for LT- SOFC (400~650 °C). The power densities of INER's MSCs are 540
mWi/em® and 473 mWi/cm® at 0.7 V and 700 °C for a cell and a stack tests, respectnvely
Durability test for MSCs at constant current densities of 300 mA/cm” and 400 mA/cm” indicates
the degradation rate is less than 1%/khr. Procedures and techniques for stacking and cell/stack
performance tests are continuously improved to enhance the quality and reliability. Comparable
or higher power performance is now achieved with respect to the specs of commercial cells at
similar operating conditions. Consistent performance within a variation of 2% is obtained for 3
modules of 18-cell stacks at a nominal power output of 500 W. Meanwhile, INER's MSC 18-cell
stack has brought a power output higher than 500 W as well.

Innovative nano-structured catalysts, in which reduced Pt and CeO; particles dispersed onto the
AlO; carriers can effectively prevent the migration and coalescence of the metal crystaliites, are
thermal stable and possess a conversion ratio higher than 95% for reforming of natural gas. A
non-premixed after-burner/reformer is designed and fabricated, and it has passed the
prerequisite functional tests. Layouts including stacks, components of BOP, power conditioning
and control as well as gases and water supply, are designated for a 1-kW SOFC power system.
In compliance with system requirements, operating modes, data acquisition, power conditioning,
instrumentations, and control logics have been identified and settled. A series of system
validation tests are carried out to check functions and interfaces of components and to resolve
potential problems for a power system. After successive system validation tests, two modules of
18-cell stacks are allocated into the SOFC system. Test results indicate a thermal self-sustaining
system on natural gas is achieved with a power output of around 760 watts.
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Introduction

The lack of indigenous energy resources and high dependence on energy imports (~99%)
indicate Taiwan's energy security is crucial. As a member of this global village, Taiwan has
committed itself to fulfilling the obligation of common but differential responsibility with regard to
the reduction of greenhouse gas (GHG) emissions. As a result of the nuclear accidents at
Fukushima in Japan, a newly announced nuclear energy policy promises eventually to make the
island 'nuclear free' and no life extensions will be granted to existing nuclear power plants in
Taiwan. Countermeasures against electricity shortages and revised national energy policy, while
keeping benign or moderate growth of economy and continuing reduction of carbon dioxide
emissions to meet international goals, are being comprehensively pursued. Nowadays, the Solid
Oxide Fuel Cell (SOFC) technology, with the main features of high fuel flexibility, modular design,
less pollutant emissions and high energy conversion efficiency, is considered as a promising
clean technology beneficial to resolve the dilemma of economic growth, energy security and
environmental protection [1].

In compliance with the national energy policy, the SOFC project at the Institute of Nuclear
Energy Research (INER) focuses on establishing manufacture capability of SOFC components
and integration technology of SOFC power system. Since the commitment to developing the
SOFC technology in 2003, this institute has set its short-term target of 1~5 kW SOFC distributed
power generation systems and will then extend its long-term prospect to integration with the
Integrated Gasification Combined Cycle (IGCC) technology for biomass and coal based central
power generation and large demonstration systems. To accelerate the progress on SOFC
development, three main sub-projects are formed, i.e., MEA development, stack development
and power system development. Each sub-project has its own main tasks to identify the key
technical issues and then to find out proper resolutions. Meanwhile, it should intensively
incorporate with other sub-projects to clarify interfaces and avoid erroneous discrepancy among
different groups.

After years of elaborate efforts, INER has now possessed the critical core technologies from
powder to power for a distributed kilowatt SOFC power system. On the basis of current progress,
a national SOFC technology roadmap from now to 2030 is proposed, where the operating
temperatures, power densities, efficiencies, degradation rates, cost and power levels are
discreetly projected. In what follows, the progressive achievements in the past few years on the
SOFC research and development work at INER are briefly described.

1. MEA Development

The planar type SOFCs with Anode Supported Cell (ASC) and Metal Supported Cell (MSC),
attributed to the merits of potentially higher power density and lower fabrication cost, are
selected. For the ASC cells, key materials for anode, electrolyte, and cathode are
NiO+8YSZ/NIO+SDC/NiO+GDC, 8YSZ/GDC/SDC/LSGM/BYCZ, and LSM/LSCF/BSCF/SSC/
BSSC, respectively. Both anode and electrolyte substrates (dimensions: 10X10 cm’, thickness:
150~800um) are fabricated either via tape casting or innovative processes. The screen printer,
plasma spray, sputtering and spin coating techniques are alternatively applied to fabricate
SOFC-MEA for product orientation. The nano-scale powders of YSZ/LSGM/SDC/GDC/
pyrochlore are prepared and processed as well as used for fabrication of SOFC-MEA with thin
(<10pm) and dense films of electrolytes to obtain high power densities. The maximum power
density (MPD) of INER-SOFC-MEA is over 600 mW/cm® (OCV>1.0 V for temperature range of
600-800 “C) and only slight degradation after a durability test for over 7000 hours. The quality is
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proven to be reliable and advanced [2-14). Key parameters for three types of INER's ASC cells
are summarized in Table 1 and Table 2. The LT-SOFC, IT-SOFC, and HT-SOFC are
alternatively selected for diverse purposes in the INER's SOFC project. Among these three types,
it is anticipated that the LT-SOFC would be one of the best candidates applicable in a
hydrocarbon-based energy infrastructure [15]. Solid oxide fuel cells (SOFCs) based on the
proton conducting BaZryCeo;Y020:4 (BZCY) electrolyte are also studied and prepared for the
development of LT-SOFC [12, 16-18].

Table 1 Main Compositions and thicknesses for three types of INER-SOFC-MEAs,

Tem perature{°C) Com position thickness (um)
cathode electrode anode cathode electrode anode
700-1000 (HT) YSZ+LSMILSM, YSZ NIO+YSZ 25 7 800
GDC-LSMILSM,
SDCISSC-SDC
800-800 (IT) SDCISDC-SBSC YSZ NiO+YSZ 39 75 650
400-650 (LT) SSC-SDCISSC SDC NID+SDC 45 15 800

Table 2 Power performance for three types of INER-SOFC-MEAs.

Temperature(°C) ocv (V) MPD (mW/cm’)  Degradation(%/khr)
700-1000 (HT) 1074 400 (800°C) 2.3 (7000he)
600-800 (IT) 1009 852 (800°C) 1.0 (1400hr)
400.-850 (LT) 0882 607 68 (650°C) 3.0 (85Chr)

The Atmospheric Plasma Spray (APS) system, its schematic diagram shown as Figure 1, has
been successfully established at INER. The dc plasma torch is operated at medium currents
from 320 to 550 amperes and voltages from 88 to 105 volts. Details of experimental apparatus
and typical plasma spraying parameters are given in the previously published paper [19].
Commercial agglomerated powders of lanthanum chromite LSCM (LagsSr;2CrasMngsOs), LDC
(Ceussl.aa 4502)/ NiO/C, LDC, LSGM (Laoano_zGao,Mgozos), LSGMC (Laoa Sroa GaoaMngCOo,m
03), SDC (Smg2Cens0,), SDC/SSC (SmesSresCo0s) and SSC/C are employed as raw powders
in the APS processes. Layers of lanthanum chromite LSCM, LDC/NIiO, LDC, LSGM, LSGMC,
SDC, SDC/SSC and SSC are subsequently plasma sprayed onto a well-prepared porous mckel-
iron substrate to make a multilayered cell. The area of SSC current collector layer is 81 cm’ and
the substrate with permeability about 2 Darcy is typlcally 1.2 mm in thickness. After plasma
coating, a post heat-treatment with a pressure of 0.8 kg/cm” at 850 °C for 4 hours is imposed on
the cells to improve interface adhesion and minimize surface curvatures of cells [20].

To evaluate the power performance of MSC cells, a series of cell and single-cell stack tests are
carried out. The open circuit voltages higher than 1.0 volt at elevated temperatures indicate that
the multi-layer electrolyte is dense enough with minor permeation through the electrolyte. Figure
2a and Figure 2b show the results of an open cell and a single-cell stack tests at specific
temperatures, where the gas flow rates of fuel (hydrogen) and oxidizer (air) are 800 mi/min and
2000 ml/min, respectively. The maximum power densities in cell tests reach to 650, 568 and 443
mW/cm?® at 750 °C, 700 °C and 650 °C, respectively. While the maximum power densities of a
single-cell stack test slightly decrease to 573 and 473 mW/cm” at 750 and 700 °C, respectlvely
The durability test of a single-cell stack at 700 °C and a constant current density of 400 mA/cm’
indicates its degradation rate is lower than 1 %/khr. Comparisons with literature data [21, 22]
show that the APS processes developed at INER, for instance: fabrication the Ni/Fe-LSCM-
LDC/Ni-LDC-LSGM-LSGMC-SDC-SDC/SSC-SSC metal-supported cells, are successful with
inspiring performance.
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Figure 1 A schematic diagram for an APS system.
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Figure 2b |-V-P curves for an MSC single-cell stack test.
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2. Stack Development

The software and hardware as well as test stations associated with the SOFC cells and stacks
have been stepwise established. These include: development and testing of sealants of different
receipts, assessment of material properties of SOFC components at elevated temperatures,
development of protective coating techniques on the metallic interconnects, design,
steady/dynamic modeling and simulations for the SOFC stack, electrochemical characterization
of SOFC cell and stack, establishment of test facilities, and improvement on stack design. In
particular, standard operation procedures are established and revised on a regular basis to
assure the safety and quality for the R&D works.

To evaluate the performance of planar SOFC cells, different configurations of test rigs are
manufactured. Sophisticated fixtures for sealed and non-sealed compartments are designated
and accordingly fabricated for different cell shapes and sizes. Current versus voltage
measurement and long-term durability tests are carried out with DC electronic load units either in
constant-current (CC) or in constant-voltage (CV) mode. The electrochemical characteristics of
cells are evaluated by a Solartron AC impedance analyzer. MEAs from domestic or commercial
markets are employed to evaluate their performance and meanwhile to improve the cell/stack
performance testing capability. Figure 3 illustrates the annual progress for INER's cell
performance testing in the past few years, where same types of cells and test conditions are
imposed for consistent comparisons. By minimizing the gas leakage and improving the contact
resistance, a remarkable progress is made in 2011.
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Figure 3 Annual progress of power performance for cells

Planar configuration of SOFC stack with anode-supported cells is employed in the project. Of
which, the main features are: internal manifold with counter flow for fuel/oxidant gases, in
parallel inlet/outiet gas channels, maximum operating temperatures below 800 °C, and
employment of metallic interconnects. The glass ceramic GC-9, with good adherence, high
wettability, high corrosion resistance, good chemical stability and compatible thermal expansion
coefficients with adjacent components, is developed as sealant materials [22, 23]. A series of
short stack tests with celis from different sources are performed. Figure 4 shows the
performance of an INER's MSC single-cell stack in a durability test. It indicates the degradation
rate is below 1%/khr under test conditions of a constant current of 400mA/cm” and at a nominally
operating temperature of 700 °C. The S-cell stack, where commercial cells are used, indicates
the degradation rate is about 1.2%/khr and its fuel utilization 60.4%, as shown in Figure S.
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Figure 6 illustrates power performance of three modules of 18-cell stacks, where same type of
commercial ASC cells inside, is consistent within a variation of 2%. The power output of an 18-
cell stack with INER's MSC cells inside is comparable or higher than the previous ones under
similar test conditions, as shown in Figure 7. A remarkable progress on stack power
performance, as shown in Figure 8, is also made at the end of 2011.
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Figure 4 Durability test for an INER-MSC single-cell stack
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Figure 8 Annual progress of power performance for stacks
3. Power System Development

At the first stage of INER's SOFC project, a residential SOFC system with one kilowatt grade
power output is first pursued. Major system components includes: stack, reformer, afterburner,
heat exchanger, fuel/oxidant gas supply system, power conditioning system, data acquisition
system, instrumentation and control logics, water treatment system, piping and other balance of
plant (BOP) units. Two sets of 18-cell stacks, as mentioned in the previous paragraph, are
installed onto the system upon the eligibility of system performance is proven after successive
system validation tests. A non-premixed after-burner/reformer is designed and fabricated. An
experimental study of a SOFC burner/reformer is addressed in the Fuel Bio Reforming section in
this forum (B1122). Innovative nano-structured catalysts, as shown in Figure 9, where reduced
Pt and CeO; particles dispersed onto the Al.O; carriers can effectively prevent the migration and
coalescence of the metal crystallites, are thermal stable and possess a conversion ratio higher
than 95% for reforming of natural gas [24].
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Figure 9 Nano-catalysts and the result of TEM and reforming test

]

System configurations, thermal managements, and efficiencies for the power system associated
with BOPs are preliminarily analyzed by the General Computational Toolkit (GCTool) package,
version 2.4, developed by the U.S. Argonne National Laboratory (ANL) [25, 26]. Operation
modes include start-up, normal/abnormal operation, normal/emergency shutdown, and other
related conditions. For the concern of safety and long-term operation, the methodology of
Features, Events and Processes (FEP) is employed to check relevant consequences of ‘what ifs'
scenarios and find out proper remedy actions and thereafter be implemented into operation and
control logics. The programmable controller is written by using LabVIEW 8.5, where the Real-
Time Compact FieldPoint is employed as the core of control system and linked by the local-
internet to accomplish system control and data acquisitions.
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Separate tests for major components as well as series of system validation tests are carried out
to check functions and interfaces of components and to resolve potential problems for a power
system. Dummy and shorts stacks are used to demonstrate the eligibility of system performance.
After successive system validation tests are confirmed, two sets of 18-cell stacks are installed
onto the system to perform power performance evaluation. The OCV reaches to 38.6 V (1.1V/cell)
under dilute gas conditions. As the fuel shifted to natural gas, the OCV slightly decreases to 37
V (1.03V/cell). Under the test conditions : temperature 780 °C, flow rates of natural gas, air, and
water in the anode side at 3.99 Ipm, 3.3 Ipm, and 5.48cc/min, respectively, and cathode air 38
Ipm, the power output reaches to 760 watts (current 28A and stack voltage 27.2 V). The fuel
utilization and electric efficiency are 58.8% and 35.1% (LHV), respectively.
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Figure 10 Power performance for a SOFC power system

4. Conclusion

After years of elaborate efforts, substantial progresses are made at INER in MEA, Stack and
Power System developments, Innovative inventions of the Intellectual property/patents have
been granted from Taiwan, Japan, the USA and European Union. Establishments of strong
capability and firmed facilities both hardware and software will facilitate the industrial
development on SOFC technology. Nevertheless, continuous improvements are required to
make the SOFC become commercially viable with high reliability, longevity, and low cost.
Conclusion remarks are outlined as follows:

(1) The application of SOFC technology to increase the energy conversion efficiency of the
hydrocarbon fuels from chemical energy to electrical power, to benefit the target of carbon
reduction or to mitigate the greenhouse effect is well confirmed.

(2) It is a key milestone to have a SOFC power system with natural gas essentially thermally
self-sustaining. Apparently, we are on the way to commercialization though some technical
issues still remain to be resolve. First of all, quality and quantity of MEAs are the bases of
the development of SOFC technology. A small scale of pilot production of INER's SOFC-MEA
is scheduled in 2012 and 2013. Meanwhile, reliability and power performance of MEAs
should be continuously improved further to meet commercial target, i.e., degradation rate
less than 0.1%/khr and operating lifetime higher than 40,000 hours.

(3) The automation processes are under way for quicker and reliable assembling of the SOFC
stacks. Additionally, compact system design, water recovery and treatment, control and
diagnosis, human-friendly operation modes, combined heat and power configurations are
task forces to be worked on as prerequisites for a robust SOFC system.

(4) The approach from laboratory to demonstrative pilot and then to commercialization is
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essential to move forward the SOFC technology. Meanwhile, the government has to provide
new initiatives, such as: deregulations on power net, power purchase agreements, subsides
and incentives etc., to promote the high efficiency energy technologies. Now it is the high
time to have international joined cooperative projects to foster industrial partners for the
commercialization of the SOFC technology.
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Abstract

Experimental and numerical analyses are performed for a seif-designed non-premixed
combustion after-burner/reformer of a solid oxide fuel cell system. The innovative after-
burner/reformer is partitioned into four compartments: water evaporator, heat exchanger,
reformer and porous media burner. The major functions of burner/reformer are to having a
better mixture of gases, preheating anode and cathode gases, and providing thermal
power for fuel reforming.

In this study, experiments at different operating temperatures and fuel compositions are
executed to identify proper operating conditions for sufficient reforming efficiencies. When
operated below a maximum temperature of 900 °C, a total concentration of hydrogen and
carbon monoxide reaches to 80.43 % while flow rates of inlet air, methane and water are
respectively 1.75 LPM, 2.1 LPM, and 3.05 cc/min. Additionally, numerical calculations are
carried out to reveal the temperature distribution of the burner/reformer, especially in the
region of porous media, so as to find suitable operating ranges. The calculated results are
In good agreement with the measured data.

Keywords: SOFC; burner; reformer; non-premixed; combustion
Introduction

Of the vanous clean energy technologies available, the fuel cell has the potential to
become one of the most feasible energy conversion tools for this generation. Fuel cell
technology shows benefits concerning high fuel efficiency, low emissions and less noise
pollution. Fuel cell systems include fuel cell stack, fuel processors, heat exchangers, after
burner, blowers and reformer. Solid oxide fuel cells (SOFCs) produce electrical energy by
oxidizing appropriate fuels such as hydrogen, carbon monoxide or methane. SOFCs
represent an important solution for meeting this requirement for a wide variety of
applications, from simple auxiliary power units to large-scale power plant systems.

Many experimental of SOFCs power generation systems are employed to investigate the
effects of different fuels, fuel flow rates, pressures and stack temperatures. Liso et al. [1]
described in a qualitative and quantitative way to evaluate the performance of a micro
combination heat and power (CHP) system based on SOFCs. In their system, it fuelled by
nature gas with steam reforming and partial oxidation reforming. They found the efficiency
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is significantly affected by the heat loss due to high temperature operation. The increase of
fuel flow rate and operation temperatures enhance energy conversion efficiency, though
both the electricity efficiency and overall efficiency would decrease. Furthermore, an
increase of air pressure ratio will enhance the electricity efficiency and overall energy
conversion efficiency. Wang et al. [2] also presented that the compression ratios and air
flow rates have significant effects on the exergy destruction of SOFCs system with Kalina
cycle. According to Georgis et al. [3], two configurations considered for the design and
operation of energy integrated SOFCs systems for hydrogen production and energy
generation. Of which, one configuration was the hot steams from fuel cell mixed and
combusted in a burner, and the other one was the hot steams used to provide heat to the
endothermic reforming reaction (like steam reforming) before the energy integration.

Kazempoor et al. [4] reported two different integrated SOFCs designs with internal
combustion would significantly save in energy and reduce carbon dioxide (CO;) emission.
In a SOFC system, an unexpected production of CO; indicated a decrease in catalyst
activity, while as temperature higher than 1000 K it would lead to an increase of the
methane conversion rate [5]. Chung et al. [6, 7] indicated that the overall efficiency
increases as the fuel utilization and air to fuel ratio (A/F) decreases. Barra et al. [8]
indicated that the stable operating limits are significantly affected by the conductivity, the
volumetric heat transfer coefficients, and the radiative extinction coefficients. Hayashi et al.
[9] employed a one-step reaction model to perform three-dimensional analyses of the
flows within a two-layer porous media burner.

The purposes of the present research are to perform the experimental data and numerical
simulations to analyse the premixed combustion problem with the after burner/reformer in
a KW SOFC power system developed by INER. In the present study, the fuel (and the
anode-off gas) includes hydrogen, CO and methane. Numerical results for temperature
profiles and flame behavior are compared with available experimental data and the effects
of porosity of porous media are discussed.

Experimental

Figure 1 presents a schematic of after-burner/reformer experiment apparatus. As
illustrated, the gas supply system includes air, hydrogen, nitrogen, methane and liquid
water. The cathode off-gas (air) is supplied by a compressor and is pre-heated to a
specified temperature (Ta2) by heat-exchanger before entering the burner/reformer.
Meanwhile, the water is heated to steam and flow mixing with the hydrogen and air in the
anode side. The anode off-gas is substantially heated by after-burner. The temperature
(Tf2) is regulated using a Eurotherm PID controller. During the ignition and warm-up stage,
the after-bumer is supplied with methane via mass flow controller 3 (MFC-3). The after-
burner is also fed with air for cooling purposes via MFC-8. During the experiments, the gas
and liquid mass flow rates are controlled using a digital Alicat control unit. The temperature
distribution within the after-burner is measured using K-type thermocouples in the porous
media zone (Tg1-Tg3), the pre-mixing zone (Tf1, Tf2 and Tg6), and the combustion zone
(Tg4 and Tg5).
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Figure 1: Schematic of after-bumerlrefo..n;ef experiment apparatus
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A

The schematic sketch of after-burner/reformer with the heat transport is shown as Figure 2.
It comprises a mixing chamber, a porous media section and reforming section. During
operation, the flame is stable in the porous media zone and its energy produced by the
burned gases is delivered away by radiation, convection and conduction, It also provides
thermal energy for the reaction of stream reforming.

Powl = w0

Powwm tmnbe

N B0 s NO N
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Figure 2: Configuration of the after-burner/reformer comprises a mixing chamber, a
porous media section and a reforming section.

In general, selecting an appropriate material for the porous media in an after-burner is a
crucial task. The materials should possess the ability to withstand severe thermal and
chemical stresses to prevent from initialization or propagate of cracks at elevated
temperatures. In the present experimental trials, the combustion zone is fabricated using
SiC in the form of metal foam with a pore density of approximately 10 pores per inch (ppi).
The empirical properties of the porous media are summarized in Table 1. The gas
permeability and thermal conductivity can be obtained as follows.

Gas permeability

K sy = Y fC (12} (1)
Thermal conductivity

kg =k(=-p)+ky (@)
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Table 1: The empirical properties of the porous media.

Porous media density p Thermal Specific heat  Porosity  Gas permeability

(kg/m“) conductivity Cp T K (m’)
K (W/m-K) (Vkg-K)
Sic 3100 34.8 1300 0.87 1.675¢”

Mathematical model and numerical method
The computational domain is 180 (mm) long and consists of combustion (porous media)
and non-combustion sections. Figure 3 shows a sketch of the after-bumer in the numerical
model. In this study, assumptions used in the model are briefly summarize as follows (1)
porous ceramics act as black homogeneous media, (2) two dimension steady laminar flow
is employed, (3) the ideal gas law and incompressible flow is utilized, (4) gas radiation is
not considered, (5) potential catalyst effects of the porous ceramic at high temperatures
are ignored (6) Dufour effect, bulk viscosity and body forces are negligible, (7) the heat
dissociation effect is adequately small to be neglected.
an

A i
co 01
Pokstion (m)

Figure 3: Schematic showing grids distribution within meshed bumer.

A
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In the modelling, multi-step kinetic which consists of 3 reactions and 7 chemical species
are considered. The two-dimensional model, which includes the effects of energy,
radiation, spices diffusion and chemistry, is express as:

Continuity equation

V. V[)B)-O . (3)
Momentum equation

: et O \_."‘__'[l C.p1- -
\ .(”)uu) -Np=\ (/r) L-I?._;—H_i" . (4)
Energy equation
v-(5(p,E, + p))-\"-!k,.,VTV[ W, |+ (7-0)] - (5)
Radiation equation '
q, = -%\'(}

Na+o,)~Co, ' (6)

Species conservation equation
70, VY, +V-(3p¥ D)= 7R, . @)
State equation
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P=pRT,[W . (8)
For the chemical kinetics, one-step chemical mechanism is used for the hydrogen,
methane and CO with air combustion.

H, +';(o: +376N,) > H,0+1 88N, , (9)
Co+ %(og +3.76N,) = CO, +1.88N,, 10)
CH, +2(0, +3.76N,) - CO, + 2H,0 + 1.52N, . (11)
In general, the chemical reaction of the species is given by
N 4
YZM =LY 1M, (12)
i =l
l ( Ea)
Ro = AT’ [Fuel] [0.] exp| - 2 | - (13)
\ wt

Where Ry, is the forward rate constant for reaction r, Ra.e is computed using the Arrhenius
expression and A is the pre-exponential factor. The present simulations consider the one-
step global forward chemical reaction involved in the combustion process. [Fuel] and [02]
denote the concentrations of fuel and oxygen, respectively. The superscripts b and ¢ are
the comresponding concentration exponents.

At the inlet,
U= U t --[:,,' Y, ..)-m. g ==, (T) (14)
At the exit,
o ar, . oy, )
=, 20 —2=0 g, =, (T 15
~ 0' e . "? () (15)

By using commercial software FLUENT, the solutions are obtained by solving the
governing equations. In FLUENT, the SIMPLE (semi-implicit method for pressure-linked
equation) algorithm has been employed to solve the pressure and velocity coupling
momentum equations. The convection terms and the diffusion terms are approximated by
the first-order upwind scheme. The under-relaxation factor is used to prevent divergence in
the iterative processes.

Results and discussions

This section presents the experimental results for the after-burner/reformer performance,
where the fuel is methane-base reformate gas. The temperature profiles of after-burner,
and the effect of porosity are delineated.

Influence of fuel reforming rate and operation temperature on the after-
burner/reformer

A series of experiments are performed using methane-based reformate gas as fuel to
study the effect of different operation temperatures and fuel reforming rate (Ry) on the rate
of hydrogen production and methane un-transformation. Table 2 shows the compositions
of the input gases to the after-burner/reformer for values of Ry at 760°C, In Figure 4, it
lllustrates the effect of fuel reforming rate of the stack on the temperature distribution with
the burner/reformer for a cathode off-gas flow rate of 60 LPM. In general, a lower fuel
reforming rate implies a lower reformer power is needed and a higher temperature
gradient around the after-burner/reformer might exist. The reaction gases are made by
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steam reforming, partial oxidation reforming and water-gas shift reaction on the burner-
reformer. As a result, the temperature within the burner/reformer decreases and thus
additional excess methane is required to maintain the temperature of the combustion zone.

Table 2: The compositions of the input gases to the after-burner/reformer for values of Ry
during the range from 0.5 to 0.7 at 760°C.

Reformer fuel (CH,, Air: LPM, H;O:cc min™)

Ry CHq« Alr H,0
05 2.1 1.73 3.05
0.6 2.52 2.1 3.66
0.7 294 245 427

Figure S presents the effect of the burner/reformer operation temperature on the reforming
hydrogen and unreacted methane concentration. In this experiment, the fuel reforming rate
of Ry = 0.5. The result show that when the burner/reformer is operated from 860 to 900°C,
the hydrogen concentration is increased from 58.97 to 61.26% and the unreacted methane
is decreased from 3.89 to 3.24%. In other words, a higher operation temperature
contributes the chemical reaction of reformer. As steaming reforming is an endothermic
reaction (the reaction energy is 242 KJmole') and thus a higher operation temperature
enhances the catalyst reaction on the reformer.
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Figure 4: The effect of fuel reforming rate of the stack on the temperature distribution with
the bumer/reformer.
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Figure 5: The effect of the bumer/reformer operation temperature on the reforming
hydrogen and unreacted methane concentration.
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After-burner/reformer gas compose from start-up to long-term operation
During the expeniments, the operating cycles of the after-bumer/reformer includes two
distinct phases,

(a) Phase 1: Burner/reformer ignition to system heating up with dilute gas
(b) Phase 2: Transition from the dilute gas to anode off-gas and cathode off-gas with
different burner/reformer operation temperature.

Figure 6 shows the time-based variations of the gas composition in the burner/reformer at
different operating temperatures. During phase 1, i.e_, the ignition and warm-up phase, the
after-burner/reformer Is supplied with dilute gas and its temperature maintains around
860°C. However, as temperatures in the combustion zone become stable, and the dilute
gas is replaced by the reforming gas, the fuel reforming rate would increase. In the phase
2, the H; and CO concentration are respectively higher than 55 and 15%, and the
unreacted CH, is below 5%. There is no need for extra cooling air for the after-
burner/reformer.

Figure 6: Variation of the gas composition from start-up to normal operation.

Validations of the numerical model
Before commencing the simulations, a grid independence test was performed using three
different grid sizes, 31 x 144, 31 x 180 and 31 x 360, respectively. Figure 7 illustrates the
results for these three grid sizes for the temperature profile along the y-axis at the center
of the burner. The results indicate insignificant difference with regard to different grid sizes.
Thus, the mesh size of 31 x 180 is selected for the calculations.

To verify the numerical model, temperature at the center of the porous media and free
space section are calculated and compared to the experimental data, as shown in Figure 8.
A good agreement is obtained. The discrepancy between the simulation results and the
experimental data is quantified by,

R

iy e 16
= (16)
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Figure 7: Effect of grid refinement on temperature profile at center of the burner.

The maximum differences are respectively 9% and 5% for the porous media and the free
space sections.
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Figure 8: The Comparison of experimental and simulation results

Effect of the porosity on the temperature distribution of porous media burner

Figure 9 shows the effect of porosities on temperature profiles of the after-burner. The
result indicates that a higher porosity would yield higher temperatures as it can provide
more reactant sites for gas to get burned. The maximum temperature occurs in the porous
section involving combustion, however, the variation of average temperature is subtle in
the free space section. When the porosity of porous media is 0.9, the maximum
temperature is 1163°C in the porous media and the average temperature is 807°C.
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Figure 9: Effect of different porosities on the temperature profiles of the after burner.

IBRIB11 - 8/10

42



% 10th Eurcpean SOFC Forym J017 www efcf com 76 - 28 June 2012, Lucerna Switreriand

Conclusion

This study carries out experimental and numerical investigations for an after-
burner/reformer with reforming gas. In the experimental part, effects of the fuel reforming
rates, operation temperatures of burner, and reforming gas compositions are evaluated. In
the numerical modelling, a laminar flow model is employed and multi-step chemical
reaction model is used to deal with the combustion processes. The major conclusions of
this study are summarized as follows:

[1]1 In the experiment, while the burner/reformer operated from 860 to 900°C, the
hydrogen concentration increases from 5997 to 61.26% and the methane
concentration decreases from 3.89 to 3.24%.

[2] A good agreement is observed between the simulation results and the experimental
data for the temperature distribution in the porous media and free space sections.

[3] A higher porosity of porous media on the after burner will yield a higher temperature in
the porous section, after-burner design is to for a temperature profiles for the after-

burner.
Nomenclatures
Cc Kozeny-Carman constant [} density
G radiation intensity v} viscosity
K gas permeability v velocity
R gas constant O, scattering coefficient
T Temperature k thermal conductivity
w molecular weight
Y mass fraction of species Superscripts and subscripts
a spectral absorption coefficient eff efficiently
dm pore diameter exp experimental
g gas
Greek symbols num numerical
p pressure s solid
Y porosity
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e 1. Introduction ¥ ‘,

» Energy Demand
® Short of Energy Resources
® Commitment to the reduction of GHG emissions
® Impact of Fukushima nuclear accidents
» INER’s Approach
® Define Target
® Construct Working Breakdown Structure
» Current Status
@ A thermal self-sustaining power system is achieved.
® A SOFC technology roadmap is proposed.

® Industrial partners are highly interested on the way
" to the commercialization of SOFC technology.
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B 1. Introduction (conta)
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i’ 1. Introduction contq) N "f

> INER’s Approach '
@ |nitialization of SOFC Project in 2003
- Shift from nuclear to renewable energy fields

- Possess experienced researchers in chemical,
physic, material, mechanical, power electronics, etc.

- Set critical mass for technology development
® Define Target

- Short term target: 1~5 kW combined heat and power
SOFC distributed power generation.

- Long term target: Integration with IGCC for biomass
and coal based central power systems.

@ Construct Working Breakdown Structure

‘J

nkage among INER’s SOFC research groups

2 \N
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2 1. Introduction (conta) Sy

» Current Status
® Athermal self-sustaining power system is achieved.

- Critical core technologies from powder to power for a
distributed kilowatt SOFC power system are established.

® A SOFC technology roadmap is proposed.

- Operating temperatures, power densities, efficiencies,
degradation rates, cost and power levels are discreetly
projected.

® Aspects of academics, research institute, industry, and
government.

- Alliance are being formed among parties. -'j:m
= Industrial partners are highly interested on the way to ‘
6

#_Acommercialiuﬁon of SOFC technology.

> 1. Introduction (conta) ', W
LINeR ;/‘ ‘

A proposed SOFC Technology Roadmap

Solid Oxide Fuel Cell (SOFC) Technology Readmap
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2 2.Technology Development "‘

» MEA Development
® Planar type SOFCs
- Anode Supported Cell (ASC)
- Metal Supported Cell (MSC)

® Techniques to fabricate HT, IT and LT SOFC cells
are well developed.

® Cells are continuously improved with inspiring
performance.

® A pilot production is under way in 2012 and 2013.
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‘2. Technology Development (conta) ' A\
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“=2. Technology Development (contq) 'u‘.

‘~|

» Stack Development

® Planar configuration with ASC cells is employed.
- Internal manifold with counter flow for fuel/oxidant gases
- In parallel inlet/outlet gas channels
- metallic interconnects

® Glass ceramic GC-9 is developed as sealant materials.

@ Capability on design/simulation/analysis are established.

® Standard operational procedures (SOPs) are established.

® Techniques to enhance cell/stack performance are
continuously improved.

® Consistent and conceivable performance is achieved for ‘

stack modules.

11
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‘2. Technology Development conta)

3D Geometry creation |CATIA ~ Solidworks

Mesh construction| PATRAN -~ Gridgen

Boundary conditions
material prop‘rﬂos Mentat ~ STAR-CD
FC operating parameters

Oxygen concentration Thermal stress distribution of the 5-cell Stack Testing
distribution PEN 10
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Simulation for 3ceII15ceII Stacks
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. 2. Technology Development (conta)
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‘== 2. Technology Development (conta) Y
» Power System Development 2

® Development of thermal stable, high efficiency nano-
catalysts for natural gas reforming.

® BOP components - reformer, after-burner and heat
exchanger are designated and fabricated.

® Techniques for power conditioner are developed.
- High SOFC DC/DC Converter & DC/AC Grid-tied Inverter
- Power conditioner

Techniques to build up a SOFC power system are being
established.

- System design

- Data acquisition and control

- Interfaces among components {
@ Integration of components into a power system.

N N
‘= 2. Technology Development conta)

* hefore-se TEM

g

* afler-use

Homemade nano-catalysts (patent pending)

Natural gas reforming test

L. High durability >2,000 hours

2. High natural gas conversion > 95%

3. High thermal stability >1,000'C

4. Theinteraction of reduced Pt and Ce oxide inhibits Pt sintering by sarface diffusion

8 The innovative nano-catalysts design helps in the reteation of surface area and prevents the migration and coalescence of
the metal crystallites
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“2.2. Technology Development (conta) N

Specs for converter Specs. for inverter
* Input: 48 Vdc (nominal, +25%) -« Input: 400 Vdc (nominal, +25%)
* Qutput: 400 Vdc (ripple +2%) * Qutput: 110/220 Vac (ripple +2%)
« Efficiency: 97.1% (peak), « Efficiency: 98% (peak),
>96% @ 20~100% loading >97% @ 20~100% loading

N

mn
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Efficiency of a 5-kW Componenls for a 5-kW DC/AC
DC/DC converter grid-tied inverter :

5-kW’SOFC DC/DC Converter & DC/AC Grid-tied Inverter
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)
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0 200
» 0 =
o Temperature: 780 *C
1 Natural gas: 3.99 Ipm
8%
R Anaode air: 3.3 Ipm
0
3 21 o Cathode air: 38 lpm
> - Water: 5.49¢c¢/min
200 Fuel utilization: 64.0%
100 Electric efficiency: 35.1%
[}

% A thermal self-
sustaining power
system with natural
gas is achieved.
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B 3. Conclusions )

» Core technologies for the SOFC from powder to
power are being developed at INER with
inspiring performance.

» A key milestone to have a SOFC power system
with natural gas essentially thermally self-
sustaining is achieved.

» Continuous efforts will be paid to prerequisites
for a compact and robust CHP system.

22

= 3. Conclusions (contq)

« Automation processes are under way for
quicker and reliable assembling of SOFC stacks.

» New initiates, such as : deregulation on power
net, power purchase agreements, subsides and
incentives, are proposed to government to
promote high efficiency energy technologies.

* International jointed cooperative projects to
foster industrial partners and establish
‘industrial chains for the commercialization of
the SOFC technology are highly recommended.

23
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BURNER/REFORMER OF INER

0 The first generation integration of after
bumerireformer In a kW SOFC power

systom developed by INER.
O Major functions are mixture of gases,
proheating

O The after-b L n
partitioned into four compartments: water
_p h { and
porous media burner.
30 and cross of the Ix
EXPERIMENTAL APPARATUS
L1 Steaming reforming el vt LU |
CH, + HO - CO3H,, AH =202kmal ' " " e
1 Water gas shift reaction - L e

COSH 00 v H,,
0 Partial oxidation

CH, +050, -+ CO=2H,, AH =-24ThJmal '

AH = =Nl "

Configuration of porous media / after burnerireformer

O The 2000 is fa

d using 8iC

in the form of metal foam with a pore denaity of
approximately 10 ppi. The empirical properties of
the p media are wmt

- Pooce  meowtyp  Thenval  Specie rooeey Gan
medls  MgtW) cowdecthi  est v wwests
v e -y

———aw— S e

BURNER/REFORMER PERFORMANCE AND LONG-TERM TEST

= O The sffect of fuel reforming .~ = = =
=F5e rate of the stack an the o e T
- . \ temperature distibution 1. . —
| with the burner / reformer | p—
I for a cathode off-gas, H
- = :: t ‘___L"—-"\‘-""
O The effect of the burner & Phase 1: B F 1 vy

- | temperature on the O Phase 2: Transition from the dilute gas to
| retorming hydrogen anode off-gas and cathode off-gas with
L and unrescted methane differont bumerfreformer operation
l concentrabon.

temperatures,

O In the phase 2, the concentrations of H2 and
CO are respoctively higher than 55 and 18%,
and the unreacted CH4 is below 5%.

GRID REFINEMENT AND EFFECT OF THE
POROSITY ON THE TEMPERATURE DISTRIBUTION

-r £ The grid refinement re— © When the porosity of
"™\ =32 results indicate in- - porous media is 0.9,
- — diffeconce = the T, is 1162°C in
with regard 1o different | the porous media
Yrid sizes. . and the average
oar—atT temperature is 307°C,
O A good agreement is O SUMMARY
cbserved botwoon the O In the exp while the
simulation results and operated from 860 to 800°C, the
the exporimaental data concentration increases from 58.97 to 61.26% and
—== in the porous media the from 3,89 to
and freo space J24%
5 . _ sections . O A highere porosity of porous media of the after
—— burner will yleld higher temperatures in the porous
section.
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