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AT ERWT LA AR T®A G BEDET S RIE(High
Temperature Fuel Cells) ~ 478 %4341 2 # %42 (Low Temperature Fuel
Cells) ~ B 1 % (48 * "ﬁ 3 42 (Demonstrations/End User
Perspectives) ~ 7 % it §& j< ;% 42 (Pathways to Commercialization) & » %

o AT ERFALB IHRIFLZBERFLG502 K 2P R

o R =
A. High Temperature Fuel Cells
SOFC/MCFC

B. Low Temperature Fuel Cells

PEM Fuel CellssyDMFC/PAFC

C. Demonstrations/End User Perspectives
Stationary Power/Fuel Cell Markets/Transportation/Fuel Cell Formal

Education/Curriculum Development/Public Awareness/Hydrogen/
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Residential Scale/Portable Power

D. Pathways to Commercialization
Global Overview/Economic Considerations/Government Incentive

Programs/Fuel Processing/Fuel Cell Testing and Modeling/

Manufacturing Advancements

MABTEEFR FLAcFEME 4 ZE8P > 74

BORAFEE VR R s A B B B AT

1. Operation of 1kW class SOFC stack and system for residential
power generation application
Y-S. Yoo, T. Lee, J. Choi, S-Y. Yang, T-S. Park
Korea Electric Power Research Institute, Daejeon, Korea, Republic of

§E W7 4 77 e (KEPRID) 3 IkW A SOFCa = 413 ¢ s 5Ll 3

Bt 0 BREEF T (SOFC) £ %74 kst ~ @

R S A
~ ‘;{:‘ 7}‘,l_ 2

B & R~ # 7 %% % (combined heat and power » CHP)
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SOFC% Bl » £ H iz A|CHP2 & * { 51428 5,13 » KEPRI_

2003~2006 % 434 17 IkWASOFCi = 48 7« LB #F B * 2 R 73t

B EE BT 40ARF > 74 S 1.13kW o S0A
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P e ¥ 20.57-1.2 kWH# -k T 4 > ot IkWSSOFC
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o3 4 5 1.3kW
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750C %032 W/em2 » #650C 202 W/em2 » WH3T 3 % - IF K
(2007~2010) #-% B SkWASOFC > 1 & p & % sisedk 535% » 2%

& e 15% o

2. Carbonate Fuel Cell Power Plant Using Renewable Fuels
S. Abens, R. Sanderson, G. Steinfeld
FuelCell Energy, Inc., Danbury, CT

% B FuelCell Energy, Inc. (FCE) 2 & 1 % 4 (% Wkl B 48 % 08 2| st fe
BT S >R AT 2 e B EeEEE 07 B
0.SMWREFA B 7 T8 > H 32 R F InARdr™ B F AT RER
P s P TS T A R P TR MR R 2

EEF
(1) Reforming: CnHm + nH20 — nCO + (n+m/2) H2 Endothermic

(2) Shift: CO + H20 — CO2 + H2 Exothermic

(3) Methanation: CO + 3H2 — CH4 + H20 Exothermic



Major Equipment Process Schematic Arrangement for the Biodiesel Carbonate
Fuel Cell Power Plant

Biodiesel or Ethanol

Water

Anode axhaust oxidizer ' Vaporizer

I Adiabatic I

Prereformer

Ref. of  “2007 Fuel Cell Seminar & Exposition”
3. US DOE Fossil Energy Fuel Cell Program

W. Surdoval
NETL, Pittsburgh, PA

# i /& &k (DOE)# B Rut k7 % 7 (National Energy
Technology Laboratory, NETL)% + T ¥ & # & 73 5% % (Pacific
Northwest NationalLaboratory, PNNL) & i® » 4 {7 & f& #c Jh § 3 55 B

( Solid State Energy Conversion Alliance * SECA) B 73+ % » & 4
2% 10kWL TSOFCA F2. F &t » B E M A~ B LSRG & 2 2
itz Ay t et ® (SOFC) » SECAw 38 1 B 7 7 # B
5o MM A SR a KR (Coal-Based ) i st~ i 2 5 ou HpEE
SECA¥>t H e ¥ it = Wl 3 e "% M a0 A P & > 2+2010-F v 3 $400/
kW % g & i (Coal-Based ) & 5o x| * R gk § i %4l 2 8 (Integrated

Gasification Fuel Cell~IGFC ) 2 & §_%] % # R st 5 £ %+ »IGFC
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% o SECA® SOFCY: w hjiez LAt h > B - FAE 5§ B4t -
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Gasification Island

Power Island

Air Separation

i |

. =
Al ! Unit =
! rloz
i BeET _._[F'aniculatelll_» Cleanup & : Cc;gn?l:l:_inced
g Flizr ¢ Sequestration ; Cycle 3
1 1 1 : 1
' ' [ A '
i i -D-» coz pi i i
: e | S ulfur, : = :
1 1
1 1

Coal Based Integrated Gasification Fuel Cell Power Plant Block Flow Diagram
Ref. of  “2007 Fuel Cell Seminar & Exposition”

4. Development of Delta-Type High Power Density Solid Oxide Fuel
Cells
K. Huang

Siemens Power Generation, Inc., Pittsburgh, PA

EF®a M3+ 3 4 o7 (Siemens Power Generation, Inc) %
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Comparnson of cross-sections of single-channel cylindrical and 9-channel Delta cells

Evolution of Siemens SOFC geometry

Ref. of  “2007 Fuel Cell Seminar & Exposition”

A G X F T %vg # F i ( Atmospheric Plasma Spray  ~
APS) » P26 B RE¥DFE BAEF > T gk & KT KSR
880°C~1020°C sttt * 3 5 78% » &+ & it % A S500mA/cm2 - @ BT

4 éig?] 112.3~2.4kW -

5. Integrated SOFC Power Stack Development at NGK SPARK
PLUG CO., LTD.
M. Shibata, H. Ishikawa, H. Uematsu, H. Sumi, Y. Oguma, Y. Todo, K.
FurusakiNGK SPARK PLUG CO.,LTD., Nagoya, Japan
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BEEEE T T00C 2 1.33cm2 & i ﬁifﬁ ' 7 4%5E F B
o734 2R L 1.23Wem2 > ¢ K£EP & 0.8W/em2 » Fpt 2t
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6. Development of Intermediate-Temperature SOFC Modules and

Systems
M. Shibata , N. Murakami , T. Akbay , K. Hoshino , K. Hosoi , H. Nakajima , J.

Kano , F. Nishiwaki ,T. Inagaki , S. Yamasaki
1Mitubishi Materials Corp., Naka-shi, Japan
2 The Kansai Electric Power Co., Inc., Amagasaki, Japan

DAME T4 AP EAER L IFH2001EAF 5 ¢ ¥ SOFCT_ %
AT ko HEEE R L 600°C ~ 800°C » gt PEF I % BT T H 4idk
HHRE e AT B D BE  TIRTHAES
La0.8Sr0.2Ga0.8Mg0.15C00.0503-8 (LSGMC) » I taH i &
Ni-Ce0.8Sm0.202-8(Ni-SDC) » 144+ #1 % Sm0.5510.5C003-5 (SSC) »

FEIKWHZ e B 45 o 32008 B 3kW ~ SkW > 51220064 12 10kW (16

T k) A PR 302004E @ % IkW BCHPF # % st o a4 (438

N

o AZi82,000- pF 0 @ 2006# 14 10kW s CHP T & i Sde™ Bl #1777
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Overview of the 10kW-class CHP system System flow diagram

[ Einnirio
= 1= E; ------- 7
giww 3 :g:ﬁm a —E‘B g : _:":_"t*'
Unit B - o=_| Covaen | h pey E ﬁ;‘:’: E
n : F
Ref. of  “2007 Fuel Cell Seminar & Exposition”
7. Innovations in Membranes for PEM Fuel Cells Enabling
Commercialization
G. Escobedol, K. Barton2, B. Choudhuryl, D. Curtin3, R. Perry1
1DuPont Fuel Cells, Wilmington, DE
2DuPont Fuel Cells, Towanda, PA
3DuPont Fuel Cells, Fayetteville, NC
ERBND T 5T R T A (PEM) BT 2 731w

BEL S BATAF S LEHEHPEMYRE T L Eong o Haf A (L]

# > H ¥ Nafion® XL 5ot o 33 B2 af A & &E%T &
® (MEA) 2 % B4 g > 0P RETE 32 dri2 Fw
HAERR AR BT "M 2 B F R4 1Fi% % - Nafion® XL & %4p

g v Rk A &S RS o 2 BI-VE R4cT Bl AT o

Relative Fluonide Emission Rate (FER) 1n accelerated OCWV Fuel Cell test.

-]
=
©
e
o
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E
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[
T 04
N
£
5 02
=z
0 T
Baseline: 1 mil cast XL Membrane:
Nafion® CS Reinforced + Advanced
NREZ211CS Stabilization
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01|l ¢ XL Membrane
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Fuel cell performance of Nafion® NERE211 CS and XL.

Ref. of  “2007 Fuel Cell Seminar & Exposition”

8. Progress of Highly Durable MEA for PEMFC Under High

Temperature and Low Humidity Conditions
E. Endoh
Asahi Glass Co. Ltd., Yokohama, Japan

P & Asahi Glass 2> & 5 &+ ZPEMFCi#E Wi o8 » H
Perfluorosulfonic acid (PFSA)% 4 &+ 14 2.120°C% < ;& & 1§ £ T » @
AR 5000 pF o @ B FRETREX VPRI BAFHFELR 0 LA
MBRREET > - PPFSAE W X 5 AfE > ¥ A iR B

( glass transition temperature ) ¥ 7 80°C » F|p* ¥ ¢ <8 (below
80°C) % B BE(ca.l00% RH)T & » ¥ 2P 3T B LB A F &
W-(NPC) 2.120°C 8 B 2 50% Ap$HRAE T © i #6,000] pF » ¢

NPC MEA-I1Z_ 445 5\ T + BB B2 12 At A R 4™ Bl 97T o
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Initial MEA

4 000hrs

operation

Cross-sectional SEM mage of the NPC MEA-T

10 1.E-06
0.9 -
0.8 8E07 +
T 0T |t ity | =
S =
;:L 0.6 6.E-07 2
s %
Z 04 4E07 E
o o
S 03 =
=]
0.2 2E07 'V
=9
0.1
0.0 o T 1. E-0%

] 1000 2000 3000 4000 3000 6000
Duration (hrs)

Durability of the NPC MEA-VTI
Ref. of  “2007 Fuel Cell Seminar & Exposition”

9. Japan’s Approach to the Commercialization of Fuel Cell
Hydrogen Technology

T. Kogaki
Deputy Director, Tokyo, Japan

RS REN EE RN S RS e
TR G & R T S A c m A A R RS S
2030 4 4 & pEISOFIRF T # T 2 2 125GWRE 424§

Gk B R BT BT
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2002 2005 2010 2020
1 1

R&D stage : Introduction ssge | Diffusion sage ' Fulkscale
I I I Diffusion stage
i 1 I
Infra- e Market Growth )
structure YRGS 1 without Support | Grganic Growth
I 1
ROV, Feview and Modification of Regulali 1 !
Standardization for | SCMIS 1 1
1 1
RED R&D on Further R&D I Performance |
FC and Hg and Lower Co 1 1
L] (]

Scenarios for commercialization of hydrogen and fuel cell technology.

Ref. of  “2007 Fuel Cell Seminar & Exposition”

&2 R AR T4 H 0 IkWPEFC A2 315 T,

Y

LA A RIERT > ¢ B 1200 A& ko £ E (2007) A MR

KE 930 A ki 2fAEEY PR TS aEE

+ o TELP AL ER IKWPEFC Az 4| £ 4 53 k4t

Hokkaido
28 sites

Taohoku
28 sites

Kinki
200 sites

Chugoku
63 sites

Kyushu
109 sites
Kanto

Chubis 548 sites

133 sites

Okinawa
1 sites

Shikoku
44 sites.

Number of demonstration site of 1
kW PEFC cogeneration system in
each area.

Ref. of  “2007 Fuel Cell Seminar & Exposition”

10 . The Department of Energy’s Fuel Cell Program
N. Garlandl, T. Benjamin2
1Department of Energy, Washington, DC

2Argonne National Laboratory, Argonne, Illinois

% Rtk (DOE)E 5 2 7 il T8 74k sghie
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B g ) R R BRI R BT E A & 55,0000
P ORB AT AT S F 4 540,000 0 TS P E LR

A kR AP BT A o

Table 1. DOE Technical and Cost Targets

] - g
Characteristic Units 2010 2015
target farget
Cost /W 45 30
Durability with cycling hours so00 | 5000

Non-Pt Catalyst Activity per volume of supported

Alemd (7@ 7. =13
catalvst Alem” @800MV g gee 130 300

Pt Catalyst Mass Activity A/mgPt (@900mVip g | 042 0.44

VLB s § 1 42 B0k 20 4 M Hst B 53

W4 Beihr SRAL AN RACRB A o § 91 Ui R TR
frdcfm - § tpifrd @ B Rl LRY A P B
FR RIS BN o He FE P B pdeid 2 s LT s
Rk ko SEPERE R APLET }b?fr@%ﬁf@;éﬁﬁéﬂ
B3 B A R * p S R o

PRTAATER2ERARF S B R AR LR LR
2B LI AER SN 2P 2 ARG K

A~

Kok §13 B 2 A B HA 2 75 P2 i AT p
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WRPHTE R DA KA EY o B A BE ol AR F

R AT TR AN MR LS (AFC) F A5 TR
RO 2 HR L E 4 (PEFC & PEMFC )~ ik @ %42 % 4 (PFC)
BRAEAWRELTS (MCFC) frHik§ 32T (SOFC) @

= 55 % AFC ~ PEMFC 4r PFC Jf, (8 2] chit 4 5 34 > & 1 e 1638
%2> 573K 5 15 A #57 MCFC 4r SOFC B & i 2% 4L % - 3k (T B 3

* 873K » # ¢ §E SOFC cif T8 & 5 1173-1273K » % T3 7 i

jud
'E-i

B e AR oS 2+ i B 2 R AR 1R R )

B g RS - BART L ] 40-70% o e B AU s - At

50% > B v iE 90% > B R AT B RS foa U s 3
B FF B HEARET S o

TR F AT ¥ (solid oxide fuel cell) SOFC & - #8F % %

e R ALY VNIRRT KRR L B R MR SE AR A

AL R E S AR ERRA TR AAER

TR B EHE LT

JokL RE R RSN E Ree o Al#

PEFHME TR PRI GRS P R R

-
Y

R

o

F T ATE 65-70% > B HF ¥ £ 3 80% » hodk Ju sl T s H |

B % (CHP > combined heat and power ) » B H 7 22 7 476 50%

3N
:_u
\F‘b

T E T 90% 4 TR B 1T E 40% 0 i £
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Tafp B i oy » SOFC ehg B endod p & 17
SR TRY F T BEET A o SOFC & suengy BiFser 1 %
R P Ak 0 A ko * e SOFC ek 3 28 S frdr 4 o

11.1.1 % 5% 3% 3+ SOFC % %

¥4 3% SOFC & 53k 37 12 * Siemens-westinghouse =73 3+ i¥ it

F RIP > 4T B AT o

Interconnection

Electrolyte

Fuel Electrode

Sr-2¢ Ca-#% #2¢0 LaMnOs I & A 1 ¢ 2% B {oER 2 4] 1 YSZ
TRREE* T E A AR E LK) 40 Mook s R R A5 it 5 44/YSZ
BB 1% 48/YSZ ir]{r;‘.’& NN ERIPE R Y iiﬁﬂfﬁﬁﬁﬁf;‘réﬁ g
BARIAHE YSZ a3 2 - BROBEBIRT A gEAR T 2

B of O E AR o F K SOFC eh- s H P eche iR ivph s &

I

A (Zf 3 §F)LBEATE FP PRI FHE DT HP
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IR AT ST g R el phaf S ) S TRk 2 B

Fd A EIHPRINE e TS E RO AR EREL G PR

oAl B e 5 IR LRl E AR VER Y R L X g e - A
T i E Y AT 5 50-90% o 2 I sl
a7 L w FIALIR P o H ARl VR IERRTEE 7 F o/
FooHET A MRy R RERITIEE > - 4 873-1173K 2
% o Siemens Westinghouse 2 @ 1§ ;% 2% 3+ 51 100kW SOFC &/ jf ©
(77 iR 42E 14000 /) pF o @ 25kW e SOFC A p % #7757 13194
JEEILE e v R E A 2004 & 22 2 250-1000 KW SOFC s 7 55 i

7 =b4v 300-1000 KW £ SOFC/i5 T ' & 5 7 & 4 o

11.1.2 T 4% 582K 3+ SOFC % st

F W3 SOFC i sod vy diad 5 g R MR AL ¥ T LR 3 eng
THEE o ApF  SOFC e 5833 RIF 12 e 515 2W/em” sy )

PERRCRRAAET CETHEOETEL AT 75 28
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Anode

+—— Interconnection
{Bipolar Plate)
> Cathode

4 «—— Electrolyte
7

f!. Ty Anode

T4 R SOFC e 4 e i B0 R enT o BRF| A T

Wt i A RE A S T F Rl o v A EIFL R RET A
BfelE T EE 2 T R fed VR F Mg 4

A BEER o T s R A A i R 3L e 3 BpF4e 45 (tape casting )
% jﬁ’%% (slurry sintering ) ~ & 4 &7 fi] ('screen printing ) ~ % 3+ ¥ JE
(plasma spraying)) E &S HE e ARE » 2 R R H vl

e g R NEF AR SOFCR @ 2 7% 2 Fenflid 1 &

g

AETIRT LR KL F B £ N SOFC K3 o R 2
f RS SOFC 0 k37 » RRFHER (F R ALHT AT L
fofE T P (V4% YSZ) — 4L E_50-150 ik 0 d TR AT
BB TR o TS W A AR E 123K Tk AT RS

o 3 SOFC » T enh R ic S B ¥ ¥ "8 > — S8 520 st o

=
R

FIPLEE T R4 BB DI 0 Fla § T i R R B e 1073K T

N

.

{MERTHET - A Y EREE (N/YSZ £HBE) T3 f
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WPl v B OREFFRLES L REDPRBAR N AT
RFROEp3 % S ZRLE - FROKNd E AT HTP %
B 1073K Prens 3 2 A d 1.8W/em? it Si & f FAlegy 263
SOFC o Ad # ~ T X®®F % 3 (Pacific Nothwest National
Laboratory PNNL ) + # & 3¢ i chfs 4& f §4 45 5% SOFC» @ i1 * 7} 45
2% 9 10 e B YSZ TR o9 600 Mk B e Ni/YSZ 1 15 -
£ofo A2t 1623K R T £ 4 1) pF o 15 4R St 42 se kR 4
(LSM) > LSM+YSZ » 'ﬁ Sr 3% F¢ U ﬁﬁ@? (LSF) > * & 4B f)

ERUPEFIT AT RGBSR T R A R

Bod el et F A S IWem® (& 0TV > 3§ iFF 4

97%H2+3%H20 3 Jf?l'#"') °

11.2 SOFC B & ~ i 441
SOFC £d T35 ~ i~ Kia{rid S B 74 o F]yt SOFC &
BT ¢ fpide BT > LA & 1 2 a0 § ol
bR RFAeTEH ALY o TR AL % B AL_SOFC #= 3 %
Bd pro o BAE R TS A F R BETRTMA S Y

BE I BET T F PP g s (07) KA F T (BiR)
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- EH TR (Bie) - Frawe (H,-CO%) F A2 R
BopCEREMITR 7 A PR REEGF P RFER
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