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SOTA SOTA Advanced |Advonced SOTA Advanced ! Advanced
1GCC PC IGCC* l IGFC** | NGCC NGCC*™* NGFC |
1

SOTA: State of the Art

IGCE: Integrated Gasification Combined Cycle
PC: Pulverized Coal

IGIC: Integrated Gasification Tuel Cell

NGCC: Halural Gas Combined Cycle

NGH: Hatural Gas bud Cell

13 SOFC ~ &R RN & ol R 58 B8 A B 38 B A ROBER LR 8L

16

*  advanced 1GCC system Includes: coal feed pump, warm gas cleanup, H, membrane, advanced H, wrbine & M
** Advanced IGIC system includes catalytic gasifier, 0.2% degradation rate & internal reforming

**+ Advanced NGCC systemn feaiures a I¢lass turbine with astate-ofthe-art carbon capture system

Natural gas price: 56.13/MMEBIU

Cod price: $2.91/MM BTU
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() Assessment of the Distributed Generation Market Potential for Solid Oxide Fuel Cells
IH5eET B A E R B —(ESOFCARIRERA - MHEAIFHY o5
R IT A AR RE20304F 22 B R AR AN 22 5k, » ANIE 1SFfR > #EHSOFC
STERAIITZERIZEIEE - SRR R TERAR « KRR aefrVBUE ROt
PRI 2 > 2020 [ R 5 AR 25 6000 25 7T AW HY H A - 2 1% 54 A i
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MW > BE& i AR FR(RE]250035 TT/AW - BRZAEHEAT R i sy iU E IR &
Gk BERENEF o £20304F 0 T L R E 2251000
MW > FEEF S 4R B AR DA 100035 TT/AW

(JV) F1FGHNETL SOFCE 55 B8 A 4AVRFA ~ AR =X H AZE - FR2HINETL
SOFCE! 2 Fi s A2 - H AT BRI By R BB A 551200025 7TAW
SOFCE BEEEIRA Fy/[N1.0%/1,000 h > S0 KWAI200 kW ES B8 247 52 ik B35 » 400
kKWEEE S > THET20204E 5861 MW AHEE -

2% | NETL SOFCE E#E 2415 e B i

Metric Current Status 2020 Target 2030 Target
System Cost ~$12.000/kWe $6,000/kWe $900/kWe
SOFC Power Degradation Rate ~1.0%/1,000h 0.5 —1.0%/1.,000h 0.2%/1,000h
Cell Manufacturing Approach Batch Semi-Continuous Continuous
Demonstration Scale 50 kWe & 200 kWe POC 1 -3 MWe DG, 10— 50 MWe

Systems — Intended Initial  Integrated Systems Integrated Systems
Operations Completed

400 kWe Prototype
System — Design of First
System in Process

250 kWe — 500 kWe
Prototype Systems
Two additional needed

% 2 NETL SOFCEZE i s EHAZ s

Year Key Program Milestones

FY16/17 Demonstrate Multi-100 kWe-Class Proof-of-Concept Systems
FY18 Demonstrate Integrated 400 kWe Prototype Systems
FY20 Demonstrate First-of-a-Kind 1 MWe Pilot System (NG Fuel)
FY30 Demonstrate 10-50 MWe First-of-a-Kind IGFC/NGFC Pilot System(s)

(J1) NETL SOFCHT 25 5 8 5 fitr E A% B 3 Je8 Je S &0 4% FEE MIBH 52 B AR A [ 16 Fr
o o B (Cell development) i 77 H AT A 22(E 5 ZEAEIT(E17) - Beffods
fe& EARNR DL SRS 7 8R(TRL) £52-5 - HEEAEREIILREE - [ KR
TR ERA - BEETEITFEaE REUR - $EE BRI RA Y 57 B 3 b A
T B 2SR R M RN AT SR R E 2 R - B 88 544 R - NETL
SOFC &1 25 #T JH B Bl 13 (1 7 26 20 JiE ¥ 43 {6 B Y sk RE » 1% 00 1l (Core
technology) & L EUZIREREE ~ SR B SRERA > BAEEE
AHERTRISERE ~ M ASERIGRIE ~ MESL IS B e PERE IR AV TRE ~ [ {ICEEH
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HERA ~ SRt E T AL - B - BRI R AR IA R B 4HBE 2%
HRTHA IE T ZEHAT » TRLE2-5 © Z4855E(System development) &7 1
HHE R R TR S R A L i R R RS B R R
AHERUR B FRES R —15AH - HEAG SR ~ BUSIEFPddie - Ehn =it st i
R~ BESME R A 24808 - H ATdA 12807 2S£ 8T » TRLE4-8 -

TECHNOLOGY AREA KEY TECHNOLOGIES RESEARCH FOCUS

SOLID OXIDE FUEI_ CEI_'_S Cell Developmeni I ?rllcl:::?power density m:::um materials

+ REDonindividual cell components * Lower degradation + Wncrease cell area

- TRL2-S * Reduce costs * Automation

Challenges Approach

* Thermal gradients = Modeling

* Flow maldistribution * Robustflow cost matenals
* Lower cost * In-stack fuel reformation

Core Technology
« R&D on indmidual cell components
- TRL2-5

Systems Development Challenges ' APpeesth '
3 * Component integration » Systems analysis
* Systems Integration . -
* Complexity * Progressively larger system tests
- State-of-the-Art * Operating strategy * Multiple demonstrations
- TRLG6-8

Challenges Approach
« Innovative Concepts + Reduce degradation  Modeling
R&D on 2 generation cells & stacks * Improve reliability + Compact cell/stack design
- TRL4-8 * Lower cost * Advanced manufacturing

16 NETL SOFCHTE5 Fa Sl i A 7T B AR

Systern Doveloprnent -
Innovalive Concepls
Lo}

&

Cell
Development
Syshem 2 2
Development

3o

Core
Technology

13

17 NETL SOFCa 2R s flr 2 bt seat = ELpl
() NETL SOFCEtE{£20004EFG £S5 S 174 - R 16FHAEET S MBS
W ROESTEFTT - STES BRI SR AL R MBI NURS T B TRl 7 i -
NETL SOFCETEHE20004E 546 2 5 FRHERFAT260(E 77 2 (B 19)45 11 5{# 2 E2 b
PERREATT > 65(El1R3% ~ A0(E R EERI O R H = - JEISH E r iR bpcR -
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19 NETL SOFCst2 BRI T =8 &

(-+—) WA{E MBS SOFCES EE 245 » LRIR R Folbkl E257 Bt FuelCell Energy
(FCE)FILG Fuel Cell Systems (LG)RiEEt B - TRL=6 » A1[&E20f771 - FCE
FEEMUAGELAYS0 kW SOFCE# B A MM EBLALE S - FEERITS0 KWHYATR
B BERERSS% o BREG TN R0.9% - BEHRER R 1,500/ N
I - LGEEEATAIERA200 kW SOFCH# 8 4t — R A EEAE4E & » S5 B E/1200

kWHIAOREE - SRR 57% » R FIF i 152,000/ N -

velCell Energy 50 kWe POC LG 200 kWe POC

I

= Atmospheric-pressure * Pressure =5 bara

* ~50kWe AC to grid » ~200 kWe AC to grid

= FEfficiency = 55% {net AC/HHV) = Efficiency = ~57% {net AC/HHV)
« Degradation rate = 0.9%/1000 hrs = 2,000 hrs operation

= 1,500 hrs operation = TRL&

+ Owerall dimensions: Photo Courtesy LG Fuel Cell Systems

4.ami{l} x 2. 1m{w) x3.1m{h})

Phato Courtesy FuelCell Energy

20 M MEERES SOFCEE 8 a4t
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2010 201 2012 2013 2014 2015 | 2016 2017 | 2018 2019

Technology Development for Promoting PEFC = Technaology Development for a
Commercialization = PEFC Highly Utilization ﬁ
1

‘ I
Development of System and
Elemental Technology on SOFC

Technology Development for Promoting SOFC
Commercialization

Demonstrati Elemental Technology Developmen
Research on/50OFC of SOFC System for Large-Scale

Power Generation

I

Development of Technologies for
Hydrogen Production,

Delivery and S‘lorage Bystems Hydrogen Utilization Technology Development

Fundamental Research on Advanced
Hydrogen Science

Advanced Fundamental Technology Development for
Research on Hydrogen Stopafe Materials Realization of Hydrogen Society

[ Hydrogen |('soFc |(PEFC

I

FCV and Hz station Demonstration Project Development of Leading Technology
I for Hydrogen Utilization

I

@21 ATHASE RIS T AYNEDO SOFC ~ PEFC - GAERFHYETE
(-++=) HASOFCHEIWZEETEE F L& R4 Ministry of Economy, Trade and
Industry, METD#E T BB ILITBUE N ae 52 SE 4% & FH 2 1A% (NEDO) 2k 40
&%~ L FUTRIE (HREER - PEFC-based CHP £ 45 (ENE-FARM)FISOFC-based
CHPZ %G (ENE-FARM type )73 AI7E2009H12011 G467 e AL HYE fmiR &
2016512 A W45 T BB BN R 2400 B B Gl 2t 168198, 500% - AR AR
— B HIRE AL HEEE AR D B AR i A M 7 TET S e — (8 R B
FLHTEEE © NEDOJR 20134 Frdadhf T (R 1 [E RE E A bYW L Bt R fla e S L IE
M eryETE(2013~2017) > ANER1ATR - 2R FEEHRAGSES T8 EHE HE -
T ERERE ¢ 1. SOFCTERZFPUAERTAL J77AEAFLZE90,000/ N » Y1045 HIEA
BH5E © 201743 3 o il » HARBIA TR B A e TR e e B A s IR
WA 5 2. SOFC 4 i LIE AV EREE BT » WMiura/A FIHA20165FE58 %
5 kW SOFCER#rsE (LIRS » BVIEAERR /0% - =2 H I35 E A4
(MHPS)&2Toyota ~ Tokyo Gasiy20164E5ERETEREESETRSOFC (250 kW) K 4R,
RS iR 24 > SRR R 484000/ NF © Fuji Electrich#zg50 kW SOFC%:
&t o RFERCRAEIESS% 5 3. S TMETHAUSOFCHHiy » 4nf Al o] 2 = E &
FAEYEAELE T (Reversible SOFC) AR & AR EEHAN Y B I b AP A1 AR EE (R A &
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%A o NEDOfl 51 H AXSOFC 24 i S LS AT T 55 ([8i22) » (R R Pk WEEGR 5 — %
PSSR CRRIE ~ BHEZIE ~ BREE) 10 KWERLR © FERBUARIERII A MRS
AL FISOFC £y 100 kWEE4R » TREAI K1 MWEEER -

% 3 HABNTEAE R R TEE A B ISR

Cell Stack Type Version Degradation Rate Operating time
(%6/1,000 hour) (hour)

SIS Tubular (MHPS) Type VI(No.10) 0.10 23,000
Flatten tubular(Kyocera) 2016 0.29 7,000
Micro tuhular{TDTO) 2013 0.36 6,000
Planer(NGK SPAK PLUG) 2014 0.64 7,000
SIS flatten tubular (NGK INSULATORS) 2015 0.36 8,000
All ceramics planer(Murata Manufacturing ) 2016 1.26 6,000
planer(DENSO) 2016 - 3,000
SkW : Miura SOkW:
Q Fuji Electric
700W: 055ka Gas H\taChl Zosen 250kW : MHPS
‘”f-’j
Lauldiies 8
A mm .
Al o '
Hair salons
LT = = Factories
houses - N
100W 1kwW 10kW 100kW 1MW 10MW

[&22 HASOFCEZ&iriEALiE 15

(+=)  EUERREANE SRS B3 Fuel Cells and Hydrogen Joint Undertaking,
FCH-JU)E2008F-55% 17 » FZEAEMIGRAESER] - BRI R g 4R LB R g 4)
HIRHSE RN B TR b A F B - SR AERR 2 ~ RABRFT 2 Rzt e & B
2577 > DAnEORIE S, ~ BIRNIER V& JE R I 7E BT ~ TRMIBUR S FIRE &)
EE » PRI S SRR IR R o 8 88 - WAE20204F Z Risims 2 L H AR
e o FCH-TURS FH BRI IeA Rt st B o i e B AR 2R 4B » IR
FHEL R SE RIS AD R B LA 20450 - T B A L sy A3 B L([&123) » 20164
BN T4 E BB T4 SR BLE RS Sl — R 2/ E RSB B SO0RE A A
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RUSEEILAE 2% - HRTEEEEE H2050E - bR BA830%
PLE > WA —REFEERFAT] kWEE R A UKW ARE T BKW BB/ VA
10000&K7T Ry HAE -

2.650 units over 11 EU

Field demonstration Member States
More than 500 units per
: manufacturer
uk | =30% cost reduction (per
: NL manufacturer)
| B Ot
any P cz
LUX 5 /
R | “Tas B AT

sl

@23 7E 1 1EER 2R B 5 5 B4 i i 26 S04H AR EE A BT A 4 o i B T

(V) FCH-TULE 8 A8 HAmBI204(E 51 & » HTEIT2EEEUTHVEE > K1l
(&7 05 EECoTHIA E: B3 B SOFCFISOECH T HHRARYAEETEE » 15
BN IRIEGE T A HI40% - BUREIRR S LYIPARI A SR AR T AT
K7 RE B ) F R RE TR A VE ) K AT SERTRCR  IN LB R AR A B R
gk & (b SRR % ASOFCHISOECAHBEM et K 285 Z bt e SO - H AT
A FErEe i i i eSS B E B AN R A RE AR A B SR TR
ARG AT TG I A e T E A > PR (LRE R e
& -

Cumulative

Cumulative - Funding, ME
Funding, M€ 10
20 .
= 6
10 4

w2016

2

[&24 FCH-TUTHY A & B WSRO (728 MISOFC(H ) R e & B i)
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[E] & S B B A i i 3 (B E 3 2 55 - T B RE A A VIR B A e &

HEFTLIBHGR SCSER » RAUBIRESE — e NS MBS 5B 1 Bt am - 8 A

N

(—) HILEERPE & a3 am S H (LS8 R2335 - IBHEER139R) ~ 2IA
G500 ) B ZE GEM ~ sl ~ BN ~ BIOM ~ JE32MAT RS2 FE40E BT 5R)
ATLLEEER - 5 E R SOFCSFISOECSHYTZE e i3/ L3 R AU RE ERF 4B IG 1 -
BRI KAV B R B RE A BRI & - 2R S B EI SORC
A E EE H EHASOMT 6 - ke T E ARG S ELR 8 24
g B EREANAVESITI SR R R TFEATI ~ R B ANRER (LA
T HERE - (15PN LR N SOFCHY I 48 mT BB RSN, - i 4R BPRRE 2
ST R RIS -

(=) e BPRE R S B A R b & K 7 3 B A S S R [E] e 2
1T BETHFRGEMUIEST G > HIMNEF 35w LR RIS & R
18:00~20:004E1T ~ &LFFR S S BLLIBAEE KRR SL > (HAFTSOFCHE AR E
ZEGEE > MG RS HEREEF R o o] DU e g AR
ERRE - RN ERRETRIE - WIN TR AR EE 2 E - R RN E0E
Bt ©

(=) &8 S5 B R S AL YRR R AY S S R BRI 0 > AR &R AECells and
Stacks section.Z N BILHETT — 5 E S REANERRE 2 LIBAER R > # BAELIEA
PR T HERE AR 2 1% 7 B B & (A PR B ] 1] DS 3R S T 28 SEIAY
BEVEROIGI S > FHRCHY A sk A3 R A B RR S B B A A B B 1T
B ARy B SRR SRR R LR A B A SRS R
A AT 2 NI HEEE: - R EERE SRS, - B i bRy AE L

=l

24



J& o BRI SRR ST B R L S EE I 0 T AT - SFEURESIR
HEY » (RGBTSR - ERRBSERN - 10 T RIS HE - HRINETE
ZHAT o M FREISOFCESIT & AR KAVBI 25 » 7548 7 B i BREATMR
EAEL o a o o PIAEIHST R S BT R PR RIS s M A T - AR T AT
SR LR B AR BRI AE

(M9 B ~ EBIFIEAF MG BT 2HER - B HBUN BB BRI T E T
BB SCEIR 2 G T - FUERT R R BT BAaE B8
Bt > FERR IS A AR ~ ALE PR ILAVEC A EEES T - DARE(R & B4R 7 B
fir ~ TEMBUFELFIRERVIATE - W AR IVEE R B AV - BFE &St
ZIASOFCHE ] S Mt [ B e & ~ RRIRECR ~ B AZENMHRBAES - &
FEIN SRS FEES -

(1) B TEFPREZHER R = ARREN H AL R R &R s e E
+7RE (Mercedes-Benz) ~ HASASH < (Honda) ~ SIH<E (Toyota) ~ FEFEHR
JREE (Hyundai) B $1 35 GUIARH DR B AET T AL BRI 95 BB B4R SRR SR
SRS A S BT AR B L - HARFTRAR 20204 /Y S B F KT
0B P SRR M B A R B L A e T (BT A G581
R FEIIRAS > DURATREIRACE &R - BT ARSI - 2
HHACER H AR 202047 54 B VAR ER O B2 3 il » /22017 AR ERM AR B 1Y
10£% o B EIMER > Ay SEAE202055 51 o BLE 2 FiTA 1008 SO 121 ER
TR A ErER{ECells and Stacks section N BILHEIT 428 ST I B35
Ak 2 O 3= A = {E B8.17 (Lawrence Berkeley National Laboratory -
Technical University of Denmark ~ Ceres Power Ltd.)¥15 H ;5,5 (Nissan) A 245
BCR 0 BT S EIIREE B S PR BB b 7T KR B s S A B
% o MIEREEEFTREXETFEAE - 2009442 FAMIESREERNE—
{515 A mhBan B HE(LUXGEN) » i AR ERE S LY AR R 7T Bda% A BT
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The Fifteenth International Symposium on Solid Oxide Fuel Cells
(SOFC-XV)

July 23-28, 2017
Diplomat Resort & Spa, Hollywood, Florida, USA

March, 8, 2017

Dr. Sheng-Fu Yang

Institute of Nuclear Energy Research

No. 1000, Wenhua Rd., Jiaan Village, Longtan Township
Taoyuan County, 32546

Taiwan

Dr. Sheng-Fu Yang,

We are pleased to inform you that your paper, “Fabrication of 100 Centimeter Square Metal-
Supported Solid Oxide Fuel Cell Using Thermal Plasma Technigue,” has been accepted for
presentation at SOFC-XV in Hollywood, Florida, July 23-28, 2017; (ECS Abstract Number
100585). The Meeting is sponsored by the Electrochemical Society and the SOFC Society of
Japan and 1s expected to be attended by over 500 participants from over 35 countries.

The entire technical program, including abstracts, for the meeting, as well as meeting registration
and hotel reservation information, will be available on the meeting website,
www.electrochem.org/sofe-xv, in late April.

Your paper represents an important contribution to the success of the SOFC-XV Meeting and we
greatly appreciate your participation.

Sincerely,

(bl

Dr. Subhash C. Singhal
Pacitfic Northwest National Laboratory, USA (singhal@pnnl.gov)
Chair, SOFC-XV

27



fiisR—  ErRiiR R R A

B2 Tim Yang

S ecs@confex.com

SHEH: 2017%1F18HEH= +F 130

Wt BE/ Tim Yang; d95541006@ntu.edu.tw

3= ECS Abstract #100585 - SOFC-XV: 15th International Symposium on Solid Oxide Fuel Cells (July

23-28,2017)

This message serves as confirmation that your submission was received as noted below:

Title: Fabrication of 100 Centimeter Square Metal-Supported Solid Oxide Fuel Cell Using Thermal
Plasma Technique
ID: 100585

Password: 975769

You submitted this for SOFC-XV: 15th International Symposium on Solid Oxide Fuel Cells (July 23-28, 2017)
(Fuel Cells, Electrolyzers, and Energy Conversion).

You may revise your submission until Friday, 3 February 2017.

Be aware that the information relating to your abstract will be published exactly as you entered it, so it is
important that you have confirmed it is correct and free of any spelling errors.

To see your submission, simply click on the link below.

https://ecs.confex.com/ecs/sofc2017/i/papers/index.cgi?username=100585&password=975769

Thank you for using the ECS Online Abstract Submission System.
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1BAR Tim Yang

SHE; ecs@confex.com

HHEMS 2017%3R28HE8” £F 314

WfrE: 1827 Tim Yang

x5 ECS Transactions: Manuscript # Decision Letter

Dear Dr. Sheng-Fu Yang,

| am pleased to inform you that your manuscript, "Fabrication of 100 Centimeter Square Metal-Supported
Solid Oxide Fuel Cell Using Thermal Plasma Technique", has been reviewed and accepted for publication in
the Fifteenth International Symposium on Solid Oxide Fuel Cells issue of "ECS Transactions" (ECST) from the
ECS Hollywood meeting. This issue is scheduled to be published July 14, 2017.

Authors whose papers will be published in ECST are also urged to submit their papers to an ECS journal.
ECS recently began publishing three new peer-reviewed scientific journals, which join the flagship Journal
of The Electrochemical Society. This exciting news was covered in the spring 2012 issue of Interface
magazine. Click here to read about it:

http://www.electrochem.org/d|/interface/spr/spri2/spri2_p017 027.pdf. While the expectation is that six
months is sufficient time to revise an ECST paper to meet the stricter standards of the journals, there is no
deadline for submission. Submissions to the journals must be made using the online submission system.
Click here for author instructions: http://ecsdl.org/site/ecs/manuscript_submissions.xhtml.

Thank you for contributing your work to ECST. If you have any questions or comments, please feel free to

contact the ECST staff at ecst@electrochem.org.

Sincerely,

Dr. Subhash C Singhal
Editor, Fifteenth International Symposium on Solid Oxide Fuel Cells "ECS Transactions", Volume 77

Further Reviewer Comments (if any):

* The figures were included in the text.
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SOFC-XV: 15th International Symposium on Solid Oxide Fuel
Cells (July 23-28, 2017)

MONDAY, 24 JULY 2017

09:00-12:00

14:00-17:40

18:00-20:00

Monday | Tuesday | Wednesday | Thursday |Friday | top

101: FIFTEENTH INTERNATIONAL SYMPOSIUM ON SOLID OXIDE FUEL CELLS

Plenary Session and SOFC Systems
Grand Ballroom West
Chair(s): Subhash C. Singhal and Tatsuya Kawada

101: FIFTEENTH INTERNATIONAL SYMPOSIUM ON SOLID OXIDE FUEL CELLS

SOFC Cathodes |
Grand Ballroom West
Chair(s): Koji Amezawa and Eric D. Wachsman

101: FIFTEENTH INTERNATIONAL SYMPOSIUM ON SOLID OXIDE FUEL CELLS

SOFC Electrolytes
Atlantic Ballroom 3
Chair(s): Tatsumi Ishihara and Uday Bhanu Pal

101: FIFTEENTH INTERNATIONAL SYMPOSIUM ON SOLID OXIDE FUEL CELLS

SOFC Systems |
Atlantic Ballroom 1/2
Chair(s): Mark Christopher Williams and Mihails Kusnezoff

101: FIFTEENTH INTERNATIONAL SYMPOSIUM ON SOLID OXIDE FUEL CELLS
Poster Session | (Cathodes and Anodes)

Grand Ballroom East

Chair(s): Subhash Singhal and Tatsuya Kawada

TUESDAY, 25 JULY 2017

08:20-12:00

14:00-17:40

Monday | Tuesday | Wednesday | Thursday |Friday | top

101: FIFTEENTH INTERNATIONAL SYMPOSIUM ON SOLID OXIDE FUEL CELLS

Interconnects, Contact Materials and Seals |
Atlantic Ballroom 3
Chair(s): Takuya Hashimoto and Venkataraman Thangadurai

101: FIFTEENTH INTERNATIONAL SYMPOSIUM ON SOLID OXIDE FUEL CELLS

SOFC Cathodes Il
Grand Ballroom West
Chair(s): Kazunari Sasaki and Elisabeth Djurado

101: FIFTEENTH INTERNATIONAL SYMPOSIUM ON SOLID OXIDE FUEL CELLS

SOFC Systems Il
Atlantic Ballroom 1/2
Chair(s): Yoshio Matsuzaki and Robert Steinberger-Wilckens

101: FIFTEENTH INTERNATIONAL SYMPOSIUM ON SOLID OXIDE FUEL CELLS

Interconnects, Contact Materials and Seals Il
Atlantic Ballroom 3
Chair(s): Jong-Ho Lee and Srikanth Gopalan

101: FIFTEENTH INTERNATIONAL SYMPOSIUM ON SOLID OXIDE FUEL CELLS

SOFC Cathodes Il
Grand Ballroom West
Chair(s): Teruhisa Horita and Stuart B. Adler

101: FIFTEENTH INTERNATIONAL SYMPOSIUM ON SOLID OXIDE FUEL CELLS
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18:00-20:00

MU LY R U VU BT

Chair(s): Mogens Bjerg Mogensen and Xiac-Dong Zhou

101: FIFTEENTH INTERNATIONAL SYMPOSIUM ON SOLID OXIDE FUEL CELL

Poster Session Il (SOFC Cells, Stacks and Systems)
Grand Ballroom East
Chair(s): Tatsuya Kawada and Subhash C. Singhal

WEDNESDAY, 26 JULY 2017

08:20-12:00

14:00-16:50

18:00-21:00

Monday | Tuesday | Wednesday | Thursday |Fri

101: FIFTEENTH INTERNATIONAL SYMPOSIUM ON SOLID OXIDE FUEL CELL

SOFC Cathodes IV
Grand Ballroom West
Chair(s): Harumi Yokokawa and Julie Mougin

101: FIFTEENTH INTERNATIONAL SYMPOSIUM ON SOLID OXIDE FUEL CELL

SOFC Fuels
Atlantic Ballroom 3
Chair(s): Koichi Eguchi and Neal P Sullivan

101: FIFTEENTH INTERNATIONAL SYMPOSIUM ON SOLID OXIDE FUEL CELL

Solid Oxide Electrolysis/Reversible Cells and Systems Il
Atlantic Ballroom 1/2
Chair(s): Ludger Blum and S Elangovan

101: FIFTEENTH INTERNATIONAL SYMPOSIUM ON SOLID OXIDE FUEL CELL
Workshop on Synergistic Use of Solid Oxide Fuel Cells (SOFCs) in Data Cent

and Other Embedded Energy Applications
Atlantic Ballroom 1/2

101: FIFTEENTH INTERNATIONAL SYMPOSIUM ON SOLID OXIDE FUEL CELL

Reception and Banquet
South Lagoon Deck & South Palm Court

THURSDAY, 27 JULY 2017

08:20-12:00

14:00-17:40

Monday | Tuesday | Wednesday | Thursday |Fri

101: FIFTEENTH INTERNATIONAL SYMPOSIUM ON SOLID OXIDE FUEL CELL

Cells and Stacks |
Atlantic Ballroom 3
Chair(s): Hiroyuki Uchida and Sean R. Bishop

101: FIFTEENTH INTERNATIONAL SYMPOSIUM ON SOLID OXIDE FUEL CELL

SOFC Anodes |
Grand Ballroom West
Chair(s): Katsuhiko Yamaiji and Jason D. Nicholas

101: FIFTEENTH INTERNATIONAL SYMPOSIUM ON SOLID OXIDE FUEL CELL

Solid Oxide Electrolysis/Reversible Cells and Systems Il
Atlantic Ballroom 1/2
Chair(s): Jack Brouwer and Anke Hagen

101: FIFTEENTH INTERNATIONAL SYMPOSIUM ON SOLID OXIDE FUEL CELL
Cells and Stacks Il - Characterization and Testing

Atlantic Ballroom 3

Chair(s): Olivera Kesler and Enn Lust

101: FIFTEENTH INTERNATIONAL SYMPOSIUM ON SOLID OXIDE FUEL CELL

Modeling |
Atlantic Ballroom 1/2
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18:00-20:00

SOFC-XV: 15th International Symposium on Solid Oxide Fuel Cells (July 23-28, 2017)
Chair(s): Brian J Koeppel and Naoki Shikazono

101: FIFTEENTH INTERNATIONAL SYMPOSIUM ON SOLID OXIDE FUEL CELLS

SOFC Anodes Il
Grand Ballroom West
Chair(s): Anil V. Virkar and Toshiaki Matsui

101: FIFTEENTH INTERNATIONAL SYMPOSIUM ON SOLID OXIDE FUEL CELLS

Poster Session lll (Solid Oxide Electrolysis/Reversible Cells; SOFC Modeling and
Electrolytes)

Grand Ballroom East

Chair(s): Subhash C. Singhal and Tatsuya Kawada

FRIDAY, 28 JULY 2017

08:20-12:00

14:00-16:00

16:00-17:00

Monday | Tuesday | Wednesday | Thursday |Friday |

101: FIFTEENTH INTERNATIONAL SYMPOSIUM ON SOLID OXIDE FUEL CELLS

Cells and Stacks lll - Durability and Reliability
Atlantic Ballroom 3
Chair(s): Jeffry W Stevenson and Minfang Han

101: FIFTEENTH INTERNATIONAL SYMPOSIUM ON SOLID OXIDE FUEL CELLS

Modeling Il
Atlantic Ballroom 1/2
Chair(s): Michihisa Koyama and Yixiang Shi

101: FIFTEENTH INTERNATIONAL SYMPOSIUM ON SOLID OXIDE FUEL CELLS

SOFC Anodes lll
Grand Ballroom West
Chair(s): Keiji Yashiro and Kevin Kendall

101: FIFTEENTH INTERNATIONAL SYMPOSIUM ON SOLID OXIDE FUEL CELLS
Cells and Stacks IV - Metal Supported Cells

Atlantic Ballroom 1/2

Chair(s): Nguyen Minh

101: FIFTEENTH INTERNATIONAL SYMPOSIUM ON SOLID OXIDE FUEL CELLS
Cells and Stacks V - Proton Conducting Cells

Atlantic Ballroom 3

Chair(s): Enrico Traversa

101: FIFTEENTH INTERNATIONAL SYMPOSIUM ON SOLID OXIDE FUEL CELLS

SOFC Anodes IV
Grand Ballroom West
Chair(s): Xiao-Dong Zhou

101: FIFTEENTH INTERNATIONAL SYMPOSIUM ON SOLID OXIDE FUEL CELLS

Closing Session
Grand Ballroom West
Chair(s): Subhash Singhal and Tatsuya Kawada
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Cells and Stacks |V - Metal Supported Cells

Friday, 28 July 2017: 14:00-16:00

Aflantic Ballroom 1/2 (The Diplomat Beach Resort)

14:00

14:20

14:40

15:00

15:20

15:40

Chair: Nguyen Minh
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359
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362

Study on the Fabrication and Performance of Very Low Pressure Plasma
Sprayed Porous Metal Supported Solid Oxide Fuel Cell

J. T Gao, Y. P Wang (X'an Jiaotong University), C. X. Li (Xi'an Jiaofong
university), S. L. Zhang, G. J. Yang, and C. J. Li (X'an Jiaotong University)

Development of High Efficiency Steel Cell Technology for Multiple
Applications

R. T Leah, A. Bone, E. Hammer, A. Selcuk, M. Rahman, A. Clare, L. Regs,
N. Lawrence, A. Ballard, T. Domanski, S. Mukerjee, and M. Selby (Ceres
Power Ltd))

Metal-Supported Solid Oxide Fuel Cell with High Power Density
M. C. Tucker (Lawrence Berkeley National Laboratory)

Fabrication of 100 Centimeter Square Metal-Supported Solid Oxide Fuel

Cell Using Thermal Plasma Technigue
S.F Yang, C. S. Hwang, C. H. Tsai, C. L. Chang, M. H. Wu, C. Y. Fu, and

R. Y. Lee (Institute of Nuclear Energy Research)

Towards High Power Density Metal Supported Solid Oxide Fuel Cell for
Mobile Applications

J. Niglsen, A. H. Persson, T. T. Muhl, and K. Brodersen (DTU Energy,
Technical University of Denmark)

Break

See more of: 101: Fifteenth International Symposium on Solid Oxide Fuel Cells
See more of; Fuel Cells, Electrolyzers, and Energy Conversion

<< Previous Session | Next Session >>
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Fabrication of 100 Centimeter Square Metal-Supported Solid
Oxide Fuel Cell Using Thermal Plasma Technique

Friday, 28 July 2017: 15:00
Atlantic Ballroom 1/2 (The Diplomat Beach Resort)

S.F. Yang, C. S. Hwang, C. H. Tsai, C. L. Chang, M. H. Wu, C. Y. Fu, and R. Y. Lee (Institute of Nuclear
Energy Research)

In this study, the large-scale mold for compression molding process is prepared and a compression load of
120 ton is applied to form a porous alloy specimen with dimension of 12x12x1.2 ecm. The carbon is used as
pyrolyzable filler in the period of manufacturing processes in order to produce porous interconnected
networks of molybdenum (Mo)-containing nickel (Ni)-based alloy. The specimens are sintered in hydrogen at
the temperature of 1250°C to obtain porous alloy substrate. The flexural strength of porous alloy supporting
component is measured in this work. The strength of porous alloy substrate (Sintered at 1250°C) in three-
point flexure at 25°C and 750°C are 188 MPa and 76.5 MPa, respectively. Metal-supported solid oxide fuel
cells (MS-SOFCs) are fabricated by thermal plasma spraying technique and the anode (Ceq s5Lag 45025 -
NiO,jLDC-NiO), electrolyte (Lag gSrg 2Gag gMdp 203.5. LSGM) and cathode (Smq 55rg 5C003.5,05SC)

functional layers are deposited onto porous alloy substrate. The 10x10 cm? MS-SOFC with effective
electrode area of 81 cm%shows the open circuit voltages is 1.09 V at 700°C. The measured maximum output

power densities (@0.76V) of this cell has reached 588 mW/cm? at 700°C by employing hydrogen as fuel and
air as oxidant.

See more of: Cells and Stacks |V - Metal Supported Cells
See more of: 101: Fifteenth International Symposium on Solid Oxide Fuel Cells
See more of: Fuel Cells, Electrolyzers, and Energy Conversion

<< Previous Abstract | Next Abstract >>
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Poster Session Il (SOFC Cells, Stacks and Systems)

Tuesday, 25 July 2017 18:00-20:00
Grand Ballroom East (The Diplomat Beach Resort)
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148

149
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1562

1563

154
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156

Chairs: Tatsuya Kawada and Subhash C. Singhal

Applications of the Glycine Nitrate Combustion Method for Powder
Synthesis on the LSGM-based Electrolyte-Supported Solid Oxide Fuel
Cells

Y. M. Chen, T. N_Lin, M. W. Liao, H. Y. Kuo, C. Y. Yeh, W. X_Kao, S. F
Yang (Institute of Nuclear Energy Research), K. T. Wu (Kyushu University),
and T. Ishihara (wpi-I*CNER, Kyushu University)

Solid Oxide Fuel Cells: Opportunities for Economic Growth in Japan
N. Behling (Kyushu University) and M. C. Williams (Tohoku University)

The Demosofc Project: Preliminary Results from an Industrial-Size Biogas-
Fed Solid Oxide Fuel Cell

M. Gandiglio, A. Lanzini, M. Santarelli (Politecnico di Torino), T. Hakala
(Convion Qy), and M. Rautanen (VTT TECHNICAL RESEARCH CENTRE
OF FINLAND LTD)

Development of Small Power Sources Based on a Micro-SOFC System
Operated on Liquid Fuels for Mobile Electric Devices

S. Takahara, K. Kato, F Iguchi, M. Shimizu, and H. Yugami (Tohoku
University)

Fabrication and Characterization of High Performance Intermediate
Temperature Micro-Tubular Solid Oxide Fuel Cells

C. Ren, Y. Gan, M. Lee, C. Yang, F He, Y. Jiang, G. Dong (University of
South Carolina), R. Green (NASA Glenn Research Center), and X. Xue
(University of South Carolina)

Design and Performance Characteristics of Portable, Self-Sustaining and
Quick-Start Micro-Tubular SOFC Stacks

U. Mushtaq (Korea Institute of Energy Research), 5. J. Park, R. H. Song
(Korea Institute of Energy Research (KIER), Korea University of Science
and Technology (UST)), T. H. Lim (Korea University of Science and
Technology (UST), Korea Institute of Energy Research), J W. Lee, and S.
B. Lee (Korea Institute of Energy Research (KIER), Korea University of
Science and Technology (UST))

Fabrication and Electrochemical Characterization of Freeze-Cast Tubular
Solid Oxide Fuel Cells

Y. Du (Kent State University, Yanhai Power, LLC), J. Persky (Perkielski
LLC), K. Zhao (Washington State University), H. llkhani, T. Woodson (Kent
State University), B. Emley (Yanhai Power, LLC), and N. Hedayat (Kent
State University)

Novel SOFC Design with a Co-Sintered and Inert-Supported Cell Concept
A. Haeffelin, J. C. Njodzefon, E. Matte, and P. Lupetin (Robert Bosch
GmbH)

Advances in Low Temperature Coatings for Solid Oxide Fuel Cell
Components
N.J.Kidner, 5. Ibanez, M. M. Seabaugh, and S. Swartz (Nexceris, LLC)

Developing Redox Stability of Ceramic Anode Supported Intermediate

Temperature Solid Oxide Fuel Cells
Y Kim, S. Y. Jo, and J. Y. Park (Sejong University)
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Applications of the Glycine Nitrate Combustion Methodfor
Powder Synthesis on the LSGM-based Electrolyte-Supported
Solid Oxide Fuel Cells

Tuesday, 25 July 2017
Grand Ballroom East (The Diplomat Beach Resort)

Y. M. Chen, T. N. Lin, M. W. Liao, H. Y. Kuo, C. Y. Yeh, W. X. Kao, S. F. Yang (Institute of Nuclear Energy
Research), K. T. Wu (Kyushu University), and T. Ishihara (wpi-I*CNER, Kyushu University)

Solid oxide fuel cells (SOFCs) are recognized as environmentally friendly, highly efficient devices, and
alternatives to conventional energy conversion systems. Typical material design used is the YSZ-based cell
consisted of NiO-YSZ and LSM as anode and cathode, with a dense electrolyte of YSZ. When considering
the use of hydrocarbon fuels, carbon deposition has been observed as major failure issue.

Ceq gMng 3Feq 102(CMF) has been studied recently because of the high tolerance against coke deposition
and it also exhibited high catalytic activity. In this work, Cu-doped CMF powders were synthesized by glycine
nitrate combustion process (GNC). The structure, microstructure, conductivity, coefficient of thermal
expansion properties were investigated. Cu-doped CMF powders were utilized as anode material in Sr- and
Mg-doped LaGaO3 (LSGM)-based electrolyte-supported solid oxide fuel cell for power performance test. The
cell with structure of (Cu-doped CMF) | LSGM | LSCF was operated from 600 to 800 °C with humidified H2 as
a fuel and ambient air as oxidant to evaluate the electrochemical properties.

keywords : Ceg gMng 3Feq 102, glycine nitrate combustion process, Sr- and Mg-doped LaGaO3

See more of: Poster Session Il (SOFC Cells, Stacks and Systems)
See more of: [01: Fifteenth International Symposium on Solid Oxide Fuel Cells
See more of: Fuel Cells, Electrolyzers, and Energy Conversion

Previous Abstract | Next Abstract >>
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1
Overview of U.S. Department of Energy Office of Fossil
Energy’s Solid Oxide Fuel Cell Program

Monday, 24 July 2017: 09:20
Grand Ballroom West (The Diplomat Beach Resort)

S. D. Viora (National Energy Technology Laboratory), W. L. Lundberg, and J. F. Pierre (KeyLogic Systems)

The primary mission of the U.S. Department of Energy’s Office of Fossil Energy (FE) is to ensure the nation
can continue to rely on its indigenous fossil fuel resources for clean, secure, and affordable energy. A
component of that effort is the Solid Oxide Fuel Cell (SOFC) Program, administered by FE's National Energy
Technology Laboratory (NETL). The SOFC Program is committed to: developing efficient, low-cost electricity
from natural gas or coal with intrinsic carbon capture capabilities for distributed generation and central power
generation applications; maintaining cell development and core technology research to increase the reliability,
robustness, and durability of cell, stack, and system technology; and providing the technology base to permit
cost-competitive distributed generation applications. The program recently initiated two focused efforts:
addressing cell and system reliability and an Innovative Concepts initiative.

Based on feedback from several program participants, chromium contamination of cathode was identified as
a major contributor to performance degradation and reduced system reliability. NETL has launched an
initiative to address the issue of chromium contamination. The SOFC Program portfolio presently has 13
projects addressing this critical issue.

The SOFC Program is also funding an Innovative Concepts initiative that supports the research,
development, and demonstration (RD&D) of SOFC technology that has the potential to surpass current
anode supported planar SOFC technology in terms of cost and reliability. Program participants are developing
novel cell and stack architectures and/or material sets. This next-generation SOFC technology development
in the near-term includes nominally 5-10 kWe-scale stack tests using cells envisioned in the developer's
future commercial systems.

The status of these strategically oriented research programs, along with the status of the program’s
integrated systems tests and the roadmap to deploy a MWe-class natural gas-fueled distributed generation
system, will be presented.

See more of: Plenary Session and SOFC Systems
See more of: 101: Fifteenth International Symposium on Solid Oxide Fuel Cells
See more of; Fuel Cells, Electrolyzers, and Energy Conversion

Previous Abstract | Next Abstract >>
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2
Fuel Cells Operating at 200 to 500 Celsius: Lessons Learned
from the ARPA-E REBELS Program

Monday, 24 July 2017: 09:40
Grand Ballroom West (The Diplomat Beach Resort)

S. J. Litzelman, M. J. Pouy (Booz Allen Hamilton), P. S. Albertus, and G. L. Soloveichik (Advanced Research
Projects Agency-Energy (ARPA-E))

In 2014, the Advanced Research Projects Agency-Energy (ARPA-E) launched the Reliable Electricity Based
on ELectrochemical Systems (REBELS) program with the goal of pursuing alternate fuel cell materials and
operating conditions that could enable system cost reductions and new electrochemical functionality. This
presentation will briefly revisit the original REBELS vision by elaborating the potential benefits of operation in
an intermediate temperature range of 200-500 C. Trends in the U.S. electrical grid will be discussed, which
reveal the benefits of enhanced fuel cell functionality such as in-situ charge storage and gas-to-liquids (GTL)
capabilities. The most significant technical accomplishments from REBELS project teams will be highlighted,
including several examples in which the program objective of a current density of 200 mA/cm2 at 0.78 V and
500 C on methane fuel was achieved. Furthermore, teams were able to demonstrate thousands of hours of
operation on internally-reformed methane fuel at 500 C with no evidence of coke formation. Fuel cells with
charge storage functionality in or near the anode showed a more rapid response te large changes in current
density and a lower voltage decrease with high fuel utilization. The needs for further techno-economic
assessment to evaluate this concept will be highlighted. Progress towards fuel cells that can also convert
methane to liquid fuels will be summarized. Finally, overall lessons learned from the REBELS program will be
discussed, such as the ability of ceramic proton conductors to deliver high current density at 500 C on non-
hydrogen fuels with minimal degradation. The need for future work in this field will be stressed, especially a
continued examination of whether stacks in this temperature range possess the appropriate combination of
performance and cost to accelerate the commercialization of high efficiency fuel cells worldwide.

See more of: Plenary Session and SOFC Systems
See more of: 101: Fifteenth International Symposium on Solid Oxide Fuel Cells
See more of: Fuel Cells, Electrolyzers, and Energy Conversion

<< Previous Abstract | Next Abstract >>

3
Current Status of National SOFC Projects in Japan

Monday, 24 July 2017: 10:20
Grand Ballroom West (The Diplomat Beach Resort)

H. Nirasawa (New Energy and Industrial Technology Development Org.)

The New Energy and Industrial Technology Development Organization (NEDO) has been conducting
technology development and demonstrative research programs related to SOFC, as one of the most
important and promising technologies for CO5 reduction and realizing dispersed power sources. One of their
achievements was the-first-in-the-world commercialization of SOFC-based combined heat and power (CHP)
system “ENE-FARM type S” in 2011.

In June 2014, the Ministry of Economy, Trade and Industry (METI) has compiled a Strategic Road Map for
Hydrogen and Fuel Cells. It was established, releasing fuel cells for commercial and industrial use onto the
market in 2017 as one of the processes of expanding the use of fuel cell technology. NEDO's activities and
recent trends on SOFC, including a program “Technclogy development for promoting SOFC
commercialization” , will be overviewed.

See more of: Plenary Session and SOFC Systems
See more of: 101: Fifteenth International Symposium on Solid Oxide Fuel Cells
See more of: Fuel Cells, Electrolyzers, and Energy Conversion

<< Previous Abstract | Next Abstract >>
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The Status of SOFC and SOEC R&D in the European Fuel
Cell and Hydrogen Joint Undertaking Programme

Monday, 24 July 2017: 10:40
Grand Ballroom West (The Diplomat Beach Resort)

A. Aguilo-Rullan, M. Atanasiu, B. Biebuyck, N. Lymperopoulos, C. Marenco, and D. Tsimis (Fuel Cells and
Hydrogen Joint Undertaking)

The Fuel Cells and Hydrogen Joint Undertaking (FCH JU) was set up in 2008 to accelerate the development
of fuel cells and hydrogen technologies in Europe towards commercialization from 2015 onwards. To reach
this target the FCH JU intends to bring together resources under a cohesive public-private partnership to
ensure commercial focus, to match RTD activities to industry's needs and expectations and to scale-up and
intensify links between the Industry Community and the Research Community. The applications are open to
all fuel cells technologies, SOFC being mostly developed for the stationary applications, including back-up
powers and APUs for transportation (trucks, planes). Applications are also open to SOEC

technologies. There are different groups working in Europe and supported partially by the FCH JU on the
SOFC/SOEC technologies. By supporting such a project portfolio, FCH JU is going to reach most of the
objectives set-up at European level mainly in terms of potential reduction of costs through sufficient number
of units demonstrated across Europe in transport, stationary and hydrogen production applications. The EU
public support continues for the period of 2014-2020 for activities with an advanced TRL, moving towards
market penetration of the FCH technologies.

As a public-private partnership, the FCH JU has enabled a range of businesses and industry, in particular
SMEs, and research communities to commit to longer term developments. It has fostered an impressive level
of collaboration between the research and industry community. This unique public-private partnership is
already supporting research and demonstration projects in the different areas of application of fuel cells and
hydrogen (i.e. 38-39% in transportation and related refuelling infrastructure, with additional 15-16% for the
hydrogen production routes and associated storage and distribution paths; 30-31% in stationary applications,
mainly for combined heat and power generation in residential and industrial applications; 7-8% for early
market applications like forklifts, back-up powers and 3-4% for support activities in terms of RCS, education
and promotion/awareness of these technologies) and 5-6% for overarching activities covering more than one
of the areas just mentioned. The applications are open to all fuel cells technologies, SOFC being mostly
developed for the stationary applications, including back-up powers and APUs for transportation (trucks,
plains).

The €732 million in grants already allocated under FCH1JU and FCH2JU to 204 projects (around half of this
have already been completed) have contributed to bring some applications near to market readiness (e.g.
passenger vehicles, material handling, back-up power systems, and portable power generation). However,
taking to market those applications with the strongest potential for addressing energy security and climate
change issues (e.g. road transport, public urban transport, stationary power generation, combined heat and
power, hydrogen from renewable energy sources and electricity storage) requires both further key technical
developments and demonstrations to achieve large scale production volumes fast.

So far € 176 million have been allocated to support 48 projects which address specifically the SOFC or SOEC
technologies (almost 40% of the energy-type of projects); these projects cover the whole value chain in the
Energy systems from long-term and breakthrough orientated research (degradation and lifetime fundamentals
related to materials and typical operation environments for relevant power ranges) to technology validation
(proof-of-concept fuel cell and electrolyser systems and their interactions with supply & demand interfaces i.e.
other power generation devices, cooling/heating systems, and with the infrastructure i.e. grid interface, fuel
supply and local power output) and market capacity building across all applications (full scale field
demonstrations of proven systems in real end user environment), including 4 projects addressing APU for
transportation (e.g. trucks) and 1 project dealing with the development test procedures for SOC cell/stack
assembly.

The proposed paper will provide an update on the current status of the above mentioned FCH JU funded
projects, on the outcomes achieved to date and on the expected results still to come.

See more of: Plenary Session and SOFC Systems

See more of: |01: Fifteenth International Symposium on Solid Oxide Fuel Cells
See more of: Fuel Cells, Electrolyzers, and Energy Conversion
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Advances in Solid Oxide Fuel Cells: Review of Progress

through Three Decades of the International Symposia on
Solid Oxide Fuel Cells

Monday, 24 July 2017: 11:00
Grand Ballroom West (The Diplomat Beach Resort)

N. Minh (University of California, San Diego), J. Mizusaki (Tohoku University), and S. C. Singhal (Pacific
Northwest National Laboratory)

Solid oxide fuel cell (SOFC) technology has made significant progress in the past 30 years and is currently in
the early commercialization stage. The progress of the technology can be seen clearly through review of the
papers and presentations at the biennial International Symposium on Solid Oxide Fuel Cells series initiated in
1989. This paper details the growth and evolution of the Symposium series as the technology progressed,
and highlights key advances in materials development, understanding of electrode reactions and chemical
interactions, and design, performance, durability and operation of SOFC single cells, multi-cell stacks and
power systems as documented in the Symposium proceedings.

See more of: Plenary Session and SOFC Systems
See more of: [01: Fifteenth International Symposium on Solid Oxide Fuel Cells
See more of: Fuel Cells, Electrolyzers, and Energy Conversion

<< Previous Abstract | Next Abstract >>

6
Review of Progress in Solid Oxide Fuel Cells at FuelCell
Energy

Monday, 24 July 2017: 11:20
Grand Ballroom West (The Diplomat Beach Resort)

H. Ghezel-Ayagh and B. P. Borglum (FuelCell Energy, Inc.)

Significant progress has been made towards the development of Solid Oxide Fuel Cell (SOFC) at FuelCell
Energy Inc. (FCE). The genesis of the advances in the technology is rooted in scale-up of the Company’s
anode-support technology made by the TSC (Tape Casting-Screen Printing-Sintering) Process. The anode
supported thin electrolyte planar cell platform was adopted for its higher power density at reduced operating
temperature (600-800°C). Traditional materials, such as Ni/YSZ anodes, YSZ electrolytes and perovskite
cathodes have been utilized in a basic cell structure. Research and development has been successful in
developing better electrochemical functional areas at both cathode/electrolyte and anode/electrolyte
interfaces. This was achieved through materials advancement, microstructure optimization, and
manufacturing process integration. Cell materials development advancements have heen made in
performance, endurance, cell size (area) scale-up and cost reduction. These advancements led to an
enhanced cell performance by reducing cell ASR (Area Specific Resistance) while reducing cell cost through
cell design changes and materials reduction. Scaled-up cell size of up to 1000 cm2 have been made and
tested with the current baseline cell size of 550 cm2 as the standard unit size for building SOFC stacks. The
baseline stack design has been successfully scaled-up from 120-cell 550 cm2 cell area (16 kW nominal)
stack. Using standardized manifolds and gas-electrical interconnects, these stacks have been successfully
integrated into stack towers and arrays.

FCE recently designed, built, and tested a 50 kW fully automated SOFC system under a Co-operative
Agreement with Department of Energy. In a follow-on DOE supported project, currently, FCE is engaged in
design and construction of larger 200kW units that utilize baseline factory-built stack blocks representative of
the future MW-scale power plants.

See more of: Plenary Session and SOFC Systems

See more of: 101: Fifteenth International Symposium on Solid Oxide Fuel Cells
See more of: Fuel Cells, Electrolyzers, and Energy Conversion
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Development Progress on the Ceres Power Steel Cell
Technology Platform: Further Progress Towards
Commercialization

Monday, 24 July 2017: 11:40
Grand Ballroom West (The Diplomat Beach Resort)

R. T. Leah, A. Bone, E. Hammer, A. Selcuk, M. Rahman, A. Clare, S. Mukerjee, and M. Selby (Ceres Power
Ltd.)

Ceres Power is continuing to make excellent progress in the development of its low-temperature metal
supported SOFC design (the ‘Steel Cell') based predominantly around the use of ceria. This unique design
architecture allows for a robust, low cost, subsidy free fuel cell product, whilst retaining the advantages of fuel
flexibility, high efficiency and low degradation.

Over the last year, several significant technological and commercial developments have taken place. The
latest generation of SteelCell technology (v4.0) has completed validation and verification testing, and is now
the standard version of the technology offered to customers. The v4.0 cell/stack technology has a significantly
simplified and lower-cost manufacturing process relative to earlier technology generations, whilst offering
improved performance and comparable degradation. v4.0 stacks have been incorporated into natural-gas
fuelled Ceres Power SteelGen 700Wg micro-CHP demonstrators, which have been deployed in several
locations in the UK as part of a field trial in association with British Gas funded by the European Ene.field
program. In addition to this Ceres is also working with Nissan to evaluate the application of SteelCell
technology to an electric vehicle range extender application, taking advantage of the thermal cycle and
mechanical robustness of the technology, which is at least an order of magnitude better than published data
from any other SOFC stack developer.

In addition to an ongoing joint development agreement with Honda, Ceres has also been granted a US DoE
grant working with Cummins on a 5kWe-class stationary power generator for use in data centers. Ceres has
also announced a joint development and licensing agreement with another large global OEM to develop a
multi-kWg-scale micro CHP system.

A major focus of ongoing technology development is to further improve stack power density, durability and
efficiency in line with the technology roadmap for next generation products. Significant progress has been
demonstrated at the R&D level on all of these requirements, and the design improvements to achieve them
will be incorporated into the next generation of SteelCell technology.

See more of: Plenary Session and SOFC Systems
See more of: 101: Fifteenth International Symposium on Solid Oxide Fuel Cells
See more of: Fuel Cells, Electrolyzers, and Energy Conversion
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Fabrication of 100 Cenfimeter Square
Metal-Supported Solid Oxide Fuel Cell
Using Thermal Plasma Technique

Sheng-Fu Yang

Physics Division, Institute of Nuclear Energy Research, Atomic Energy Council, Taiwan

The 15t International Symposium on Solid Oxide Fuel Cells, Florida, USA.
23 July—28 July, 2017
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Solid Oxide Fuel Cell
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* Convert chemical energy directly into

electrical energy

* High efficiency

* High power density

* Fuel flexibility

* Low levels of pollution emissions
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Institute of Nuclear Energy Research
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= Introduction

i

| Metal-Supported SOFCs, the third generation of cells have been \_
~ obtaining popularity in the recent years.

In comparison to traditional all ceramic cells, the advantages are )

listed as below:
Advantage Advantage
+ High thermal conductivity « Lower operation temperature
+ Improve heat transfer * Lower material cost
+ High electrical conductivity « Easier cells assembling
+ High redox stability « Ability to withstand repeated and
+ High mechanical strength rapid thermal cycles.
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15" International Symposium

Introduction

Thermal plasma technique is a fast sintering process, it allows to reduce the
| interaction between metallic substrate and functional layers that can be

/ caused during conventional high temperature sintering processes.

It has high material deposition rate, can change component composition and

microstructure through adjustment of thermal plasma operation parameters.
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Dense LSGM electrolyte
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(1.2 mm thick)
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= Objective H
To construct spray drying, compression molding and sintering
processes for producing Ni-Mo porous alloy substrate. )
" To fabricate positive, electrolyte and negative functional layers using )
_ thermal plasma technique. d

To evaluate the electrical performance of planar MS-SOFC.

Institute of Nuclear Energy Research
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i Method and Material

Manufacture porous alloy substrate

Mold for Green body
(120 % 120 mm?)

| 100 % 100 % 1.2 mm® I
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Fanuc Robot ARC Mate 120iB
and TriplexPro 200 -

LSCM: Lag 1551y 25Crp sMN; 04
1DG: V8. ConeiOy

LG Lag 45Ceq 6:0,.4-NIO
LSGM: Lag ¢Sr, ,Ga, M3y ,05 4
8OC: Sm, ,:Ce; 55044

88C: 5m, .Sr, ,CoO, ,
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' Cell performance measurement

Air Inlet
Thermal Couple
L 1)
Ceramic
/Tuhe (ALO,)
ey L_ 10x10 cm? Ceramic
) Cell Housi
Tested Cell " - using (Al
T
Pi Grids 3
1) s
Thermal Couple H, Inlet
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Method and Material

Fuel: H, (800 mL/min)
Oxidant: Air (2000 mL/min)

Test Temp: 700°C
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e = Method and Material
[ Three-point flexuralsirength of porous alloy substrate |

The alloy substrates (Sintered at
1000, 1100, 1200, 1250°C) are
sliced into rectangular shapes 70
mm length x 25 mm wide.

_ | is applied until the load decreased
less than 95 % of the peak load or

the specimens are broken.

70

'FA crosshead speed of 0.5 mm/min "
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Results and Discussion

Porosities of porous Ni-Mo alloy substrate

W
- Bulk densi o) = L
50 4 r A 3 v (g ) FV: W W;_ _WI
. 1 t :
. |
e £0 i i : e
= : b el W) = mass of specimen in air, g,
2 ™ u W= mass of water-proof specimen in air, g,
g ' W3 = mass of water-proof specimen in water, g,
£ 0 D, = density of water at immersion temperature, g cm-*,
* 1000 Celeius desree Doy = density of wax, g cm-3.
10 ® 1100 Celcius degree
& 1200 Celeius degree B jkd s
230 Celeius deg . ulk density
o i it Porosity (%e) =|1- ——— b %100
o | 2 3 4 s 6 7 8 True density
Pyralyzable filler (%)
[{ The higher sintering temperature results in more sintering shrinkage and the percentage |
[ of volume reduction is 16%—27.8% from 1000°C to 1250°C.
[’ Through reactions that occur in the period of sintering, strengthening and densification of |
N porous alloy takes place, leading to a reduction in volume and porosity.
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Pyralyzable filler (%)

is 0.064 Darcy.

The permeability of specimen without introducing pyrolyzable filler at 1250°C

After the pyrolyzable filler is added (Range, 2.5%- 1.5%), the permeability
increases and rise to the range of 0.13 Darcy - 0. 37 Darcy.
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Results and Discussion

S0
# 10040 Celeius degree
450 i
¥ ® 1100 Celeius degres 25°C | 750°C
= 400 A 1200 Celci
£ 2 ius degree Compress
= 350 1250 Celeius degree p 188 76
= - molding
¥ a
S _ Hand-made | 150 54
o 200 n r s 1
& 2 ’ 1 Al i
g 130 | 1| |Tape casting| 156 60
2 10 e
50 | Unit: MPa
5 Specimen: sintered at 1250°C
0 1 2 3 4 5 6 7 E

Carbon (%)

The porous alloy sintered at 1250°C is raised 32% bending strength as compared with the
specimen sintered at 1000 C while the carbon additive is 7.5%.

process (Hand-made and tape casting).

The strength can upgrade 253% (@25°C) and 27.5% (@750°C) than previous mamufactuning
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SUMMARY
1_2| 800.0
& 3
1.0 *’a-.\. T e -]l The open circuit voltage (OCV)
G -
. k- : ;i
| "~ Asooo E of 10x10 cm? metal-supported
' = cellis 1.1V at 700°C.
z | 1 E
g - ; S,
%’3 061 —400.0 = The maximum power density
= 5 at 0.76 V is 588 mW/cm? at
” 04} ot g 700°C.
t .2 T00°
| esl lemp. J000 ; _}
% Cell Size: 100x100x1.2 mm =] ~\
o Fuel: Hydrogen | B Our previous work with Ni-Mo-
Fe alloy, the maximum power
0. L. 1 1 1 lop density is 15%—20% lower than
2000 4000 6000 8OO0 10000 i
the cell produced in this study. )

Current density (mAfcmz}
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L= P A 15" Intarnational Symposhim
o SUFL-AY on Solid Oxide Fuel Cells
LipEn

A proper and effective fabricating process is revealed to produce 100 cm?
porous alloy substrate as a supporting component for MS-SOFC.
s

The LSGM electrolyte (50 um) is dense to avoid reaction gases to penetrate.
The cell with 81 cm? active area has power density of 588 mW/cm? at 700°C.

The long term durability test of MS-SOFC with dimension of 100%x100%1.2 mm?®
will be executad in the future work.

"
~ The properties (e.g. oxidation behavior and thermal conductivity) of porous alloy
substrate will discuss in the further study.
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