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[E 2-1] &M SUVS Tank to Wheel X2

_ , 20,000km/d F3 7]
x5 A H| CO* A=k
Az v | CO, TAHF
79 A/T 9.8 km/LY | 237.7 g/km| 2,041 L 4,754 kg
oA A/T 12.7 km/LY | 210 g/km| 1,580 L 4,200 kg
22.8 km/L?"® - 233 kg Hy -
AR A -
30 km/L??Y - 177 ke H, -
Note: 1) 20|, 2) E8t2=(UDDS 55% + HWFET 45%)Al Jt&gl SIto|
3) 80kWa 20068 &= H2AXXHIZLIEHAEAIY SXE), 4) A2A XX SEZ
M| H 2-12 &M SUVY Tank to Wheel MHEE LIEHLHO, E 2-2= %=
A CE2EXXC B2 (2 A8 AH L O|AFSIEIA YAl 2tA2ES [

[ 2-2] =ASFEXX 220 2 A8 AH| & O|ASHEIA ZHAH 2t A et
S35 1000tH 10,000t 100,000tH 1,000,000tH
av)eF AP
(/) 2,046,816 | 20,468,163 | 204,081,633 | 2,040,816,327
QRS
wAek 7k B 4,754 47,540 475,400 4,754,000
(ton/x3)
Note 2-10lA2 D& 2ts &E2(1)
LI, S & XIS HAF
A= M X= 18398 A William Grove?t Christian F. Shoenbein0l 2/aH 1
ZASA2|JF LADN DM SEINXTZ2 YU /AT (2-4), 1937E 0

Francis T. BaconOfl 2ol A& A2 N2 2NS AIXZJACHDB). SHALE
OACS HAEAXZ 1 eIl 8D, 0|20 2435 212 1950y &
SHOIH, O AIDJI0 6kW HZ M XIJF HEE K 0l=2 KFH=E0ANH SS&
Il AIECH General Electric® Z =9 NEX% HA=HMXE HEHOO,
19609 = Gemini HE0A AMESEJLD, OIHA Apollo SFHEIOUNA A
SHXE AMEBoll, B S, R ¥ S4l EX&S HI|JF MAZUCH 1960

ECH =8Bt General Motors= Union Carbidedt st AE2NMXE S22
Z AIZste tli(van)S AE0IYLH 0lF A4 2 1 Ads0 2o 20|



HOIEo et HeFEsEez= 199090 =R 2720t 018
Perry Technology@l Perry Energy Systems= Al JHLt
Ballard2t &5t NEZX MHEEH(PEM)HZHIE SHIAL=Z

8o 2g AEH 4300, Hdz2dXe AU =22 NE2MH,
Ballard Power Systems= HZ2&X =4 HAS 2 Ad0 &30kl
Perry Energy Systems2l Z=H XtQl Energy Partners= 1993E@ PEM He ™
N2 &80l zx2 SEXE NE2HSAR20I(6), 0= HUHXIR(DOE,
Department of Energy)2l XI&E2 22 NUSi IIAMES 0lHE &30 =
XE OJtoll, 20M01 Lol He RE XNsSA NGNS 0| AWK s
NSXHE UHENH AMEEE2ZN “HadX"ctes MAZE0l EHSEHH I RULCH.
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s

MdXle AISEe doidl 20 Ot 2EE = UM, & Mol
2o EFEF20W Wetde 22X HMHE AZ & X (polymer electrolyte
membrane fuel cell, PEMFC), 2I&E A= E Xl(phosphoric acid fuel cell,
PFAC), &22l&d o= & Xl(alkaline fuel cell, AFC), SSEH&IE HZHE X
(molten carbonate fuel cell, MCFC), 12l 1OXM &tst2 A= & Xl(solid
oxide fuel cell, SOFC)&2 #&& % UL},

BN
gd2elgd2 196089l ZAME(RFE 1 022 113)22 HEEJALH, &
A% = AAJF AEEL, QEE 19708l EIIXGENA HS22 T
= g MU 2282 88, S8, 242 S S4E JdE22 0|2
M, & Jtd &8 Jl=2 0=, 220 AM 233 A0 UCH L8, 5
BAEE2 198080 Jli= JHEE 2AHI00 HSMXZ HEEMA, OHIE
X, HgdEe 24d dE2z 0I8H0, 0=, 2=0A JI=HE0l =
250 ds80 dd S0 UCH DXAsESEE 1980800 2HEe=z
Il e 3AUE MCFCEU 280 =8 ASdXZ LA, OHLF
ECX, HEAH29 24E AL 018DH, z2 dEMI3ME JHEE,
AsAE S22k A4S ddotd UL R2Lidte UE H= X0 bl
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b. JHLHCH

HUICHE 975JHS Az ERX| AB 2E E5E ERotL] ULBH, AL
10000He] Mah =2=2 BRotd UL Sol, HUCH = ADIE M8t
85kWg H =& A MKI02= DCX, &, =0Ho Xt EME A2
OtE 20| MarzE 2E 2 3Bbarll WA HsEHEH =Z20= MK11000| 2t
= 110kWZ2 AEZ2 HEGtH 2~3barllAl JtHEHCZ AzE L
c. &=

=22 AN MALMETNS ASHEX ALY =8 =2 NEDOE =4O
2 J|l=HeES F&otn ULH, Sol, d=22 HWER Usx g2 &2
Etle HadX Y =JI|I2H =s=NHEHCZ AN ASS JHEGHH AbAL
MS0 EXoH 20, =Che =JI0 2= At MKO02E = otA 2Lt
Slle sSAECz: 25228 ¥ EgeA) d28%4=s A6t ASZ e
otid, KekE JHeE =x=J| UTC PowerAtll AEES E6I[ L SEli=
UTC Power22H 0|& &2 Jl=2 HtE22 SAHEQ AsE 6] U
Ct.

[HE 2-4] 22 NEDOQ It 2 A5 2H(2006): AS XX XHeF
TR 3] ) 2007 2010 2015 2020~30
ENA A |G @ =9 | &R nE R | GRHgR 2 B
4 109/Q) | AR AF, | o 1005H/)
oF 100%H)/4)

AEE F 50%(42%)| 50%(42%) 50%(42%)< 60%(51%) 60%(51%)

LHV(HHV)

W24 ok 1000A] %+ 200~ 7F 30004] 7F 5000+ 7F 5000 7F

THLE ek 80T -20~80TC -30~90T -30~100C< | -40~120T<

A 2744 AT /KW - 5~6%kAl/kW | ¢ 19FAl/kW | 2F 43 A/kW

LAAS/ 2RSS |1 LIS 7ke | 18712 34 s 2ol E
2.7k WY |OIEAA WS B |§ wds/aEest |99 w5 LU 8 074 A%
el 3.d3buks 7] s 2.4 v & 5} 2w R HA3 204 28 PR | grpes 2a)e] 2o
— 1 AT/ F (3.3 7184 By g (2.0 Ve HAsH dEgA e Y 71Kt A% trade-of f
5.1 &3 4. %2k O)-$ (23 98 3R =8 TS A o gl
428 7% G o edem Apens
LD A7 S EATICRERS PR
MEA D ot me olMAE EHs= A
2.9kt g% o A7) AVH N ES
FR2)7) BE S AR AEE Fu) A7 A )] DE| A Fe7)7) oe)g| BEATRE 2lel A9
71E 2 AgH A A A |SHHV $HE A
e @ AZE derlE AL |12 R At deUIEEA $3) | 1 2 Ak devIEEE 53
AW 7S |ne 2 A7ME e MEA A% |[t$-25:90~100T(<2F 30%RH) | t$-&5:100~120°C (F71s5)
el Falgh AR 7D [T 300041 KA S 7FsE ) |l A:50004 AN & 7hs e 2)
ZA71 A 2A| | Brhs MEA AR, UIUA/SSR, Ada FAg EeAE SAS 2 v FR7E AA)
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[ 2-5] Plug Powertl A ZHOH =©QI 5kW= GenSys AR

Product Name GenSys 5CS(Phase 1)
Fuel Natural Gas
Type of Fuel Cell PEMFC
Type of Fuel Processor Auto Thermal Reformer
Power Output 2.5~5kW
Unit Size 198L * 81W * 173H (cm)

26% @ 2.5kW

23.5% @ 5kW
34% @ 2.5kW

31.5% @ 5kW

Electrical Efficiency

Thermal Efficiency

System Start Time 90min
Installed Ambient Temp. -17 to 40T
Noise 60dB @ 1m
AC Output 120/240 VAC @ 60Hz
Certification CSA, UL, FCC Class B
2d=2 200082 2L g ZZ2NMEZE Sof dzdXe AZsto st
COIMEIE B0, 2= &5 HAE &€& 2 oHMIDE Y2 A X0 28t
IS s8] 22M, 22 SaY2l Atgh J122l Ao XA EHNEF)
=S T2 J|ZA2Z 2003E80= JHEE kW, &4dE bkwW &2 31J(2 1
At AZHEX AIAEIE HEGIRL. 8 RRHRE2 SAIJtL, WA RIEA,
SR, GAIE HZZ ALE0tL, Ebara Ballard, OICHXI, OFMAICH &I,

Kurita Water Industries, OFFHILI, OIMHIAl 3¢, €= AR, &g &I,
CAIBE, EQEF IHSXOF MW E0iotALCH

FQ HEI|gezs=
SR A= 2 ,
HIEst 1kWa I8 & LA HEd™X| AIAEES Lo :
35%(LHV), HIZE&8 51%(LHV), HZ2% 60~65CTE <&
Ishikawajima—Shibaura MachineryAt= 20008 2H JtE3 & 1
S AIAES JHgol 220, 2005480 JHgE M3 @
35%(LHV), €S8 47%(LHV), BHE2% 75C #=F0ICt. 1998
Ebara-BallardAdt= & S8 37%(LHV), BIESE8 56%(LHV), bH
0C OlAO0IMH, & 224L(800(W)*350(D)*800(H))2l HZAMX| AlA

OtRUCt. Nippon Oill(AlY2AR)2 1986ERH =AM L 0D

SN Fuji ElectricAlE =
st ARE AIEGINH, MED],
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20060l HI&EE AIAEIZ
2 36%(LHV), Al
ldemisu KosanAt

U BSLE 1kwa s7E I8 &
2 A

2= AMAES HEEHE2 (LHV), tig&=
40%(LHV), AIAES] ADl= <& 277L(775(W)*468(D)*764(H))OICt.

=
=Sae AN JIME HEeF 20| H2FX| BE J|£9 o LES It
AD UA2BH, W0l JIsHY s80| =+ =202 I ACH It
2 EES AMZ VaillantAlE & &= U2H, s A= 01=2 Plug Power
SkX

ALRLS] EH& S E0f FEAHE0 KXol HEZE 2 EX EHE TIME
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1) e
AEHEtE dH2EXDOMFC)e 12X HoHE A= ™ Xl (polymer
electrolyte membrane fuel cell, PEMFC)2} S8 IHELAE AMSOHAIL
HEE2S 922 AE ASE = AJ| e 288t Iissitle &2
= LESN Z2 Flg dEID|Q NMACT LK Lt ot H=
HES =AHE JI=0 2 UK 258 B0xF=10 JA2H, =42 A
HS5E0l 0.6% =20 BotH HE=S2 95%2 MHE==E=2 2010 U
Ct.
[ 2-6] HIEt20 =28 Jl=0 28 dWX 252 dHlw
20 2FgL
A Q]j;; :,]':JE “ ijg s AuA U
300 713t A BdA= | 1199 Mj/kg 06 0.72 MJ/kg
=] AR H 33.3 kWh/kg ' 0.20 kWh/kg
Z2EZ AN B 119.9 MJ/kg 065 0.78 MJ/kg
A 43 Hy 33.3 kWh/kg ' 0.22 kWh/kg
HE-go AN F4-7H 1199 MJ/kg 6.9 827 MJ/kg
W ee 333 kWh/kg ' 2.3 kWh/kg
EdAE a3 g 19.9 MJ/kg o5 18.9 MJ/kg
Heres dmen A4 ol | 554 kWh/kg 5.6 kWh/kg

Note: 2t& HIE=2 E2 at=td S0l 2ol =48 MZot22 FHE JHED|l EE0I

ESHO US

delth AE0EE 228X & I =gt HEsS It JA2H, 1
T e ® Bz J&EEH=s 2200 &88 02 0[S0 UCH HNEHE =
HedXlle gt SJ)I=0A EtSoles 2= &Xlotl) Sg82A0 2st o
gdotE HMAHE = Ues d8HH FME AMSolLl, =2 &atE FEAD|
A e Sl 25 &4 2 =4 02102 BHES0| & "ol =celH &EE
= S0l 82, 1 2 sJ=2 Z2det £401 SN, 4501 SItotAl
@=Ch £t S8 2HIt HZE0] ofHadE H98= 6ol WXE
20|, BIIZ0AM BtSotXl = Ao HREE SEOHH =0 A=t
gl ©@&E0l AT MetA, &2l 2M&E= oiZot)| Aoide =240l
=2 SUotAet HiEt== SUotkl XRot= dMol&E0l ZRotH, NENE=
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2) ZTNES ASHMXE 018 FUHE A=2HX K

SHE 9=d8XZ2 0L M= 5,000 AlZt Ol&Sl W40l ER
otH, Ol FloiM=s AESHA2L E H8E2LT S MEASl dsit F=EHEX
(BOP)E 4ot BX, SHAM, &8, dAN, Suwsllo 450 JI1282
2 SSDOO0F SO AJI0T JIME B2t 201 MElE=s H92d8ils F
s g9sdXo 85 240 JtE 288 Jl=0lU, 012 U= Hdotdl <
A= D= HES0l AFE Jisg D202 Y, SiHg 24, CO Me
d Jas S0WE BIXot MEASl &5t U4 a0l F[TetoF et

=UlIAE LG =ttt KIER S0 3522 ASFEAI|IE 200WE AIAE
o KISTOIA JHE St QI2te 20 &g 700Ws AlAE, 8dE8)|Isd
Ol JHgset 100Ws2 Sl & AS X AIAE0l JATH =W &dS
gl=32 19978 2H SUE HSHX HES AIAHGHH 200090 2WS
DMFCE &&st SUE AlAE, 2005801 PDAE Hybrid &8&, 2006 11
0= ot A= JtECIXNZ 1.5Ws PMPE 4AI2t S 238 = Us

D Lol = E= PCE DMFC Jlzs =02 2=2¢
Ohst 4 lt2= H4ESEII=30 LG 2s0l 212 2004E 10 2005E Off
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= 100ccO|Ct. AIAE A22 38dB &%
o« = PCOl &E&8t 1200Wwha Ui DMFC
AMAEZ JHESIRUCE. =2 20W, HHX L& 650Wh/L, HZ 100ccE =
ES PCE 15AI2H UE HZ2 IECIA(Y 1D)E SESS & 122 AE
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1) Siemens Power Generation

SOFC JHg =J| E8€ &3 XXNE cellE JHE&otA2Lt MU ehaf
= Flofl cell FE8As Sl 22 HEHJL. =82 It &
ME EEfetl & = A= SOFC/GT otolEelE €dA= DH0I22HE! &
FJIE OlEot H2dXE <& 3I/I2HAl DF%@F@ X =otH, BHII20IA
L= 1,500 "F2o BHDIJIADE OIOIAZ2HEIE ASAIle JISE2ZA &
oty 002 =ZHEl2 Al =50/ 28I|E =8l NETL EE4E
Ol2 =2 )0 2ol OlatetEa =2ls80l 2 A8IA 0|8 SOFC-
It Et DPA?aP Il M3),

AEHY SH0IEelE AIAE JHE 0l ConcoPhillips(A
Air Products and Chemical Inc.(0l2 ®&4 2219 &H)2t &H =
UCEH. 220kW(200kW SOFC + 20kW GT) SOFG/GT otoIEele gdA
e ZLIOHO MIAH ==2 &EXIotH MIlgs & 55%E 2oL
ZIUE HIECSZ IMWSUHAE ®IIg8 60%, 20MWS0HME 70%2

Jlgg =20t ola=th

@
Qﬂ

-

= o uu R

N
~—

GE

Honeywell2 HY Z2E HIE2S=Z SOFC ol0IECIE AlAE IS S
H2 ot ULt SECAS & JIgo=2AN HEE SOFCE 24 e 2 i
(=1 N x=

MAGEHI| 2 RUCH 6-sigma I8 2 T ot =& OIM72EE &€I| fIst
MEZ2 SOFC &2 X£AHZ2 Mgotl Mo s&dS £ESotd= ME0|LC.
=MWZ AE 018 HZ WX LHEAAE(IGFC, Integrated coal gasification
fuel cell combined cycle)2 & =O0ICt. NETL HEANE 0l8 T2 &0

GE energy, GE global research, PNNL, Univ. South Carolina2t &M &N
ot SOFC, JtAHY!, S& JIAS D=2 st AZHX 0l8JI=2 M
2ol otACH IGFCe AMEIASISEYH(GCC, Integrated coal
gasification combined cycle) 2Ct 8t | XgtE 20122 MEHHA &0t
IIAE 88, =48 &0 d3dNE MHEEsE AeE2 HAZHR, SIIHE,
JIAEEIE &M 0l86t)] HEu &0 IGCC 20 10% 3 =2 2
2 2 ULH M JI=2= e Al =80(10] L0l 2= &K &

L

30
K oJo |
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UASEIA BIE S2 EHOF UK #H=H 202088 &8 IJtsdt JIss
=g £+ /UAS A0lct= A0l GESl BHOICY.

3) Acumentrics
199440 L= 2F¥M MY ZZZEXI(UPS, Uninterruptible Power
Source) HIZEZIAIZA 200082 H SOFC MHEsS AIEGIQCH JHEE2 AR

2 LNE AEEH SOFCE MY H0I0H, 1 ~ 10kWe JIEE AR 2H
2 dHd2 &8I ASS AEZ0/CH 20038 Sumitomo2t & joint

venture(Acumentrics Japan)s & oI, & SAS =2XH2 =EH
SOFC &3 AABS A=20 BHOHGID LE2AIZ0N SOFC 2HEAAHE M2
x D-IO

S0l 28 HY HYs -dt= AO0IC 2007E0l= FCT(Fuel Cell
O

Technology Ltd., CA)E QI45t0d FCT2S BOP(Balance of Plant) JI&=S

Sl =06IQCH SECA T2 030 HOWoIW dEHIIA T2 59| BG4S

AHE 0|26t 2 ~ 10kwZ2 =8 =22 AAE SOFC AlAgEES e =
4 1 b Al =

OICt. Brazing Jl=0l 2o MI|H HIHAS SMUANBT2ZAN 33%2 =9
S E/A2MH, 6000AI12F 2HAIY ds ZA= 0.25%/500h(2010¢
SECA =X 0.1%/50n)0l S atCH M &A=S2E(800 CT)E 650 ~ 700
0

T2 RFI| g JIl== Mg S0ICH

I

4) Delphi
DOE(US Department of Energy)2 SECA(Solid State Energy
Conversion Alliance) ZZ2XENA HAS &2, WY SS9 5 2HE

Or=AIZICH

<H 5-9> OX MoiE A= ™I e S E(Delphi)

SECA Delphi
Ho d 3 ~ 10kW 4.24kW
A7 52 35% 37%
g d3t& 7%/1500hr 7%/1500hr

2l 9 AX] H]E US$800/kW US$770/kW

% &X : Delphi, http://delphi.com

1999 0il SOFC AIAES JHEO0l Z==ol e E
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2C-z Y 0|0, BMWR 3522 S22 L 2 EEE, Z& APU Al
AEIS Y SO0ICH 5kW APUE Jtsel JHEDI=s 2 3 ~ 10kW APUE &
HItA JHE =S EEole EEE SOFC Cen3 cassettell 2R ZAIHZE
ALZ3t0 750 CTOIA 0.5W/cr(at 0.7V)2 858 2QIC

5) Zteck Corp

Jds =3J] HE=S Egote SOFC OUXl JHE-HARTHOH-A Bl A &Y
O SAtotld U= JIP2=2 M, 1kWs B HX A= 15,000A12F 014 &
28Oz RHMGIAULE M= e JHe HEd™X| A MAHAIA WRIHE
= 0lEot= 25kW AlAES JHE, 28 S0/0, 200kW SOFC-JtAE Bl Al
A= A4 0|t

®))

) PNNL(Pacific Northwest National Lab)
SECA Z27)&s NETL(National Energy Technology Lab)it &M
D AOH, M2 SOFC AIAEIDF ATH JHE 2 T, MAHIIE &

ot
et MAD == e =O0ICH. Delphi Corp., Battele Memorial Institute
nj;

4

=
J

=322 SOFCE 0l88 XIg BME APU AIAEB S e S0I0H, SPG
ot Jas M2 ALY g tHss =a8=0ICh. DOE EERE Z2_1E
WA= S EEE llgs 38 ANAE HE=S, DARPA Palm Power &2
A80llide =Mz JHdl &=2 OlM+E Mo s2 g+1E +=d=0[Ch
SECA Tz )&= Sol SOFC &, A8, AIAE=S E40t)| ?let 22 I,
Mget 23 Y, S M2 SOFCE #gh =4I W0 &W =O0ICh

O A2 =A-Hgdi Z2HE= METISl XIS &0 NEDOI}
2E50d  SSSCH 2001E HE ™A JHEES <ol FCCJ(Fuel Cell
Commercialization Conference)lt 8% HZXX A=23 L 232 «
St ZAb S2 ZHES0l LD AL 2001 ~ 20038 oy, FASE,
2XE SOFC =2 HYstH 'O, 2007 & 10 ~ 100kWa& SOFC

AEZ Y SO0ICH 2007E32EH NEDO =&=& Osaka gas, Kyoceras
AS AEZ2 AAEGIU2MH, 1 ~ 5kWZ 30 ~ 400 X = 442t JtsAlZ
HEOICH =22 SOFC A& AR= 2010d@0l= 380z =FHE M,
2020E0l= 2000 A2 SUE A2 A=
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8) Kyocera

2.5kWg & &€ SOFC &8 ®%= Ji&otd, AA =1 d&e AN
LHEEE 56.1%(LHV)E ZHOIRUCE StLIS Alete DJ[Eaol T2 83
ANXE cells MZotH 2 celle JEHYH HE=Z HFet L2 HO XU
Ct. MetAd HlwA B2 =25 0|6t DJYsS 22 = AN HNEF 2
d= delg = UL M=EAl 2= HSole 80l 2220t NEaet Mz
£ 018g = UUes S2 S0l AN = a0l 2et MalS=or I
=

9) Mistubishi Heavy Industry(MHI)
NEDO XI&2l R&D Z=z &0l 2/ MOLB(Mono-block Layer Built)et=
HEE all ceramic AN FSE SOFC &H ¥ H=ZJI==
I. MOLBE SOFC Y ZZHME= SOFCE 0/25t0 200kWZ
DALY LS |SHZ &Lt |3E SOFC WY Z=2HEE= Ot
HlOF HAHISHH 350kWZ AlAE D)z SHEs SHEZ
. Chubu Electric PowerAt?t =22 50kW MOLB-type SOFC CHIPE
ot0d Aichi International Exhibition0ll € XIot04 1000 CTOIA 4,000Al2t
M0 H20lUCH 22 2x2 DA M2 A= XX 00|32
S 24H0 43, AU X-AEI|=
BH RIES E46t0 200482 H L2 AT
=3 UIJHARD =8 UM =0 &2 75kW
. XNI& 28mm, 20| 1,500mme| ASH (LXKl cellS
A

M, 900 COUHIAM & & 0.65VOlA 151Wel &= F&etlh.
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10) Rolls-Royce

Rolls-Royce cellel &= U3& MctYds XNXMZ o= et FEH
0, ceramic &HXE screen printingdtd AtEotE22 a0l E0[oHC
HEOl YU Ofell/?l EEE HZGI0 AIE6I22 sealing0l £0|&t

r

40

S celll EE= &g == QI2H, cell FHA0l MM 50% 01222 O
22 UdME AdlME RS 429 2ol 20078 48 all ceramic H&HE
SOFCE Mg =¢! SOFCo-EFS HoldingsE ¢!+ot%2M, Rolls—Royce
SOFCe H&E E£= =S40l HY SHEXN 2 8= LHotH cell X0
et HE HdEI U= A2 20 SOFCo-EFS Holdings= AMlicted
interconnect& AtE&g8t ZEE SOFCE ot gEHMZ, At
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interconnectE AlEsChl= =X UM Rolls-Roycell JI& Jl=1ll 280
AUCH. 1 MW= JI2 SOFC/GT alolE2IE AlAES AIEN W=D ol
250 kW HAE &KX AlAEH AS AY S0/, MI)Ie22 53%0ILCF.
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0 40 AT —

artsila / Topsoe

d82 =40 et =otRIJt U= Wartsilas Eite SOFCE
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O -

otLiCl EIDIA2l Topsoelt I A=, A8 =8 S
A2 SOFC ol ==t QUL 2000E SOFC MM ==z=05t0d 2004
1 ~ 5 kWaZ SOFC AlAH IS 2&2A26t9 D, & 20 kWS AHSS M
& ZOICH 20108 & SAIMEA, &2 =8 88 SOFC AIAEE A2

Ol = Ol Ct.

_53_



]
I
Rl

ror

A2l
T 9=

0
o

0
Jor

HH, 285 X

AL, 2

2) Grove, W. R., On Volatile Series and the Combination of Gases by
Platinum, London and Edinburgh Philosophical Magazine and Journal
of Science, Series 3, 14, 127-130-420, 1839.

3) Bossel, U., The Birth of the Fuel Cell 1835-1845(European Fuel Cell
Foeum, Oberrohrdorf, Switzerland, 2000).

4) Grove, W. R., On a Gaseous Volatile Battery, London and Edinburgh
Philosophical Magazine and Journal of Science, Series 3, 21,
417-420, 1842.

5) Chen, E., History, in G. Hoogers(editor), Fuel Cell Technology
Hanabook(CRC Press, Boca Raton, FL, 2003).

6) Nadal, M. and Barbir, F., Development of a Hybrid Fuel Cell/Battery
Powered Electric Vehicle, in D. L. Block and T. N. Veziroglu(editors),
Hydrogen Energy Progress X, Vol. 3(International Association for
Hydrogen Energy, Coral Gables, FL, 1994) pp. 1427-1440.

7) Gottesfeld, S. and T. A. Zawodzinski, Polymer Electrolyte Fuel Cells,
in R. C. Alkire, H. Gerischer, D. M. Kolb, and C. W. Tobias (editors).
Advances in Electrochemical Science and Engineering, Vol. 5
(Wiley-=VCH, New York, 1997

8) Paganin, V.A.E.A. Ticianelli, and E.R. Gonzales, Development and
electrochemical studies of gas diffusion electrodes for polymer
electrolyte fuel cells, Journal of Applied Electrochemistry, Vol. 26,
1996, pp 297-304

9) Warshay M. and Prokopius P.R.(1990) "The fuel cell in space
yesterday, today and tomorrow", Journnal of Power Sources,
29(1&2), 193-200

10) Prater K. (1990) 'The renaissance of the solid polymer fuel cell",
Journal of Power Sources, 29(1&2), 239-250

11) Warshay M., Prokopius P.R., Le M., and Voecks G. (1997) "NASA
Fuel cell upgrade program for the space shuttle orbiter."
Proceedings of the Intersociety Energy Conversion Engineering

il

d&etA A=A HE-E2s JI=H
5.6

S o

0T 1z
R 1

_54_



Conference, Vol. 1, pp.228-231.

12) Choi W.C., Kim J.D., and Woo S.I. (2001) "Modification of proton
conducting membrane for reducing fuel crossover in a direct
methanol fuel cell," Journal of Power Sources, 96, 411~414,

13) Yoon S.R., Hwang C.H., Cho W.l., Oh I.H., Hong S.A., and Ha
H.Y.(2002) "Modification of polymer electrolyte membrane for DMFC
using Pd films formed by sputtering," Journal of Power Sources,
106, 215~223.

14)  Trivoli ~ V.(1998) "Proton and  methanol transport in
poly(perfluorosulphonate) membranes cataining Cs® and H’
cations," Journal of the Electrochemical Society, 145(11),
3798~3801.

15) Gieger A.B., Rager T., Matejeek L., Schere G.G., and Wokaun
A.(2001) "Radiation grafted membranes for application in direct
methanol fuel cells," Proceeding of the First European PEFC
Forum-Lucerne, pp. 129~134.

16) Dimitrova P., Friedrich K., Stimming U., and Vogt B.(2001) "Recast
Nafion—based membranes for methanol fuel cells," Proceeding of
the First European PEFC Forum-Lucerne, pp. 97~107.

17) Hammet A. and Kennedy B.J. (1988) "Bimetallic carbon supported
anodes for the direct methanol—air fuel cell", Electrochimica Acta,
33, 1613-1618.

18) Hogarth M. and Hards G. (1996) 'Direct methanol fuel cells:
technological advances and further requirements”, Platinum Metals

Review, 40, 150-159.

19) Otomo J., Ota T., Wen C-J., Eguchi K., and Takahashi H. (2001)
"Heteropoly compound anode electrocatalysts for direct methanol
fuel cell." Proceeding of the First European PEFC Forum-Lucerne,
pp.29-37.

20) Havranek A., Klafki K., and Wippermann K. (2001) "The influence of
the catalyst loading and the ionomer content on the performance of
DMFC anodes. ‘"Proceeding of the First European PEFC
Forum—-Lucerne, pp. 221-230.

_55_



21) Maru H.C., Paetsch L., and Pigeaud, A.(1984) in Proceedings of
the Symposium on Molten Carbonate Fuel Cell Technology, R.J.
Selman and T.D. Claar (eds) The Electrochemical Society,
Pennington, NJ, P.20.

22) Petri R.J. and Benjamin T.G.(1986) in Proceedings of the 21st
Intersociety Energy Conversion Engineering Conference, Volume 2,
American Chemical Society, Washington, DC, p.1156.

23) Hirschehofer J.H., Stauffer D.B. and Engelman R.R.(1998) Fuel Cell
handbook Fourth Edition, Report no. DOE/FETC-99/1076, Parsons
Corporation, for U.S. Department of Energy.

24) RIST, 8t= MR ALHAIS, M2, UI&2I=2, 2005

25) J. Doyon, et al., Int. J. ower Sources, 118, 8, 2003

26) GenCell, Fuel Cell Seminar, Honolulu, Hawaii, 2006

27) TOOI Masaaki, et al., IHl Engineering Review, 36(1), 5, 2003

28) CFC-Solution, Fuel Cell Seminar, Honolulu, Hawaii, 2006

29) Pointon K.D.(1997) "Review of work on intrenal reforming in the
solid oxide fuel «cell," ETSU report F/01/00121/REP, AEA
Technology, Harwell UK.

30) Kahn M.S., Islam S., and Bates D.R. (1998) "Cation doping and
oxide in zirconia: a combined simulation and molecular dynamics
study", Journal of Material Chemistry, 8(10), 2299~2307.

31) Feng M., Goodenough J., Huang K., and Miliken C. (1996) Journal
of Power Sources, 64, 47.

32) lIshihara T., Matsuda H., and Takita Y. (1994) "Loped LaGaO3
perovskite type oxide as a new oxide ionic conductor", Journal of
the American Chemical Society, 116(9), 3801~3803.

33) Han P. et al (1993) "Novel oxide fuel cells operating at 600~800
C", An EPRI/GRI Fuel Cell Workshop on Fuel Cell Technology
Research and Development, New Orleans, LA.

_56_



