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g7} o] 22 o2 AA3E 72 189349 Ee]3}eke] AAALR B2+ Friedrich Wilhelm Ostwald il <] 4} o]c},
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ghikglo] AdE = $ie MCRC = 1960 o 2l it Zeditds A Adde o4 rfleidsds &
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& 1. Schematic representation of electrochemical cell
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13 2. Schematic representations of battery and fuel cell
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& 3. Typical fuel cell system
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ARAA Fie E 164 B AAH ARsle AR 7ol 2JsjA AFC (Alkaline Fuel Cell), PAFC
(Phosphoric Acid Fuel Cell), MCFC (Molten Carbonate Fuel Cell), PEMFC (Polymer Electrolyte Membrane
Fuel Cell) # SOFC (Solid Oxide Fuel Cell) & 5742 dubA o g Fs|oj At AA A S A48l =
A A& AFC, PAFC % MCFCel 1, ZA| A8 4-& A= 984 A)% PEMFC % SOFCe|v). 18]a AA| A7
7} A#=] 12 91+ PCFC (Protonic Conducting Fuel Cell) oA+ A A A& A8k},

DMFC (Direct Methanol Fuel Cell) ¥ PEMFCS} v IR 2 4| B AL A | A& ARg-shA]ak 7| A A e o] o
22 A4t 71es) ARAASTE 29 At Mg fag A AHel] dhe] AR 7177}
2 A SA oY Fri 54 o] 2ek PEMFCS} iste] 230 gloh DMFCE £9 0% Al#e] 7163kl
Hho] go]sli AthA 0 g obdste] 23 A7) A3 £A 0 ' g A7 AsYE 1 9l
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A5 o] &3} FA 2 T2 AsjA e g g Aleky A5 E ARS-ghe) AR A T A3
Ae] §)2|A 7} oAz, Fbg o] glofA A A cko] A7kl wheh FhAdho 20 Alo] ZrAaskr s Al AHA| 2
FAA 0] Qlof A i A 9] B3hE FAlske Al Eo] itk

TARNAL Al oz AsA ] A o7} 43, AsAL] $1x)7F A H o lojA] A
o] glom, A4 o] efste] 29 o] ZAojA|= ARl Eo] Jlrk AR A L] A5 o] of = e o] 4
Uitoll A o) 40l Ar v d Yepn g A As) At s A s Al e] F AL ]
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# 1. Classification of fuel cells with electrolyte types.

. Operating
Electrolyte Mobile ions Phase Temp. ()
KOH solution i} .
1. AFC (30 ~ 85wi%) OH L (asbestos matrix) 80 ~ 250
2. PAFC 100%H,PO, H* or H,0* L (SiC martix) ~ 220
Li,CO; or . . . N
3. MCFC K,CO, CO, L (LiAIO, martix) 650
4. PEMFC Polymer(Nafion) H* or H,0" S+L <100
5. SOFC Oxide (YSZ) 0~ S 600 ~ 1000
PCFC Sl prefterle H* S 100 ~ 500
conductor
DMFC Polymer(Nafion) H* or H,0" S+1L <100
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go] S7bell w2t o] 2 S7kske T vEpdth Sl mE HAF A=A e Fie 19
4ol A Bz ZAF ohgge] WAlg0 2 MCFCH SOFCTE At -5-8-0lut 718-2] -8l diAl4
02 PEMFC7F A3 Ao = oA glu. di--afoll A3t Anaizl= aiAH o 2 25257} 322 MCFCH
SOFCAIH, 7L o)z L&l drd o] of3k whAle] 7h8te] &) wobA7] Wil dBAAe) 25%
© E&0] S b o AlE Tkt aAle) S 9l 7R o) AR e g Eef 2 S-of Sl b
83,

Efficiency (%)

W 10W 100w 1kW  10KW  100kW
Power

1l 4. Efficiency of fuel cells with power

ARAAE ol whet 7ehd & 2004 B JAH S2 o)A ol 3 A" A gl A€ el

A8 dBAAS} ER ol 717U ARl AZeUAE el 2 o5 daAAE 2 v A 5
s B g ARSNES §E AR s TPl ATE A ~ ol AR E (W) 9] o] 28
S, TE AL ) ARSNE~ 5 w7} SfE O] FRfo] A AL o] PRS-l ek Aol AL
BAAE olFo] AasA| o] witel FA} AR EAE EA] Grom g0l el v]al
ol gk A7 At A4 dd3ke o] g AL o 2 ARE 1 Qe dRAA RS PAFC
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SFMCFC 7} 9ick. o) 54el Al ARAAE FoA7} 7ok sie) 7144 $20] thd o2 defd 4+ 9)

7] wiiell A AL £ glojof . o] FHelle S-AU WA EY 5o 750l Al—&ﬂ% T4 AR e
FrfEolLt E? sl *P&ﬂt EHJ‘*— a3 B3O BE Sofl AREE oS ALE drAAL gL ]
EFol| A= AR A ZE 1A FA7} 74 PEMEC 9 DMEC7} &4 7k l Qo f% g3l vl

2230 9 A4 OM.

# 2. Classification of fuel cells with their usages.

!
2cy 22 2= v
SAuHE SR A (250K ~ & MW) MCFSCO’FPCAFC’
ks ] PEMFC, MCFC
AlH 2 B9 SEI LA - ) :
Al H2, S8, S& (10 ~ 100kW) PAFC, SOFC
g ZEH (3~ 10kW) PEMFC, SOFC
SEA} (70 ~ 90kW)
+58 | DMF
- 1~ (180 ~ 25000} PEMFC, DMFC
. _ SOE (~ 2kW), LEE (~ 50W)
ol=y Sl
58 fOE C|X|&7tH 2}, 242, DMB, PMP BRIFC
A ZME MEZ 2 HE
0|SHYUE AR L :.ocl’majj;f =S =S PEMFC, DMFC

AEAA] A8le O3] 5ollA B= AT A7]3F8HA Al S FA4 3= Anode, cathode, A3 A o] Q137 71 9]of A
=4+ A = FaAATH ALY o5 EE2F AlFshe AAA (current collector), ZH2He] A7]3}
AR E A2 B A AT 712 ZFER 93-S 3l= 229 (separator or bipolar plate) 223 | A=
<= #2185 End plate = 74t} "

4.1 M=o Z0f ARY

A 7)3kehEe-0] doju= Anode$} Cathode S &A3te] A= (Electrode) ©]2F #-2t}. Anode & AFsikS-0]
doju= A== 58kaL Cathode & 3HIRRG-o] Aoy A=< n|dith A=2 Z2bA7]31ekks-0] w27
dold = 9= A& Alw3llF+ S A= (Catalyst material) &F ZvlAl57} 248 AA & AR ¢+ )&=
| A3 = F8kg k= 2| A A (Supporting material) & 7=t}

ATl A AAAE 71AA F2g FAE #ak o} A7) 318} Hhg-ofl F 8 gk Az o] F-o] 44| o]F-017]
EE AAAEE (Electronic conductivity) 7} sofok gk}, w8k w37} A 0] Fo] o] FRA =&t AR A
s ojof 3p, AR 3ol A slekA o = bstelof gitt 19 RE 2SS WEAT|E AAA EARE ©A
WA= AAAEA Alghd Aol Slck
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18l 5. Schematic representation of a fuel cell stack
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A713 ko] dejus A2 E Al T S ARES dEAA Y TR "l oE 5 vk B 32 7
AuAA A F2 AEEE S0 AR5 RAFIL Yok ALelAE BT Py o] FuiE 2 ARHL 3
7, S A= Ni, NiO Y Alzb A 571 Sl 2 A8 4= glck. DMFCE] 7-- vilehE-o] AbshaA ol 4] A ¢

i) £
[e]

Z

[©)
]

=

AbslerA: (CO) 7} AR © o] A)f Akl =] 2] ok o w A Sul| ko] 7FolA| F2tsle] Fulje] 7]5-5 A31A7] &= 9
=& 7} (Poisoning effect) 7} Yebdtl w2ha DMFC] 45 CO & w2 AHlE F+ Ru ©] X3 Fujjr}
Anode catalyst & A=t}

H 3. Catalyst materials for fuel cells.

Catalyst(anode) Catalyst(cathode)
1. AFC Pt/Ni Pt/Ag
2. PAFC Pt catalysts Pt catalysts
3. MCFC Ni NiO
4. PEMFC Pt/Pt alloys Pt/Pt alloys
5. SOFC Ni—YSZ cermet Perovskite materials
PCFC Pt/Ni Pt/NiO
DMFC Pt—Ru Pt/Pt alloys

2

ARAA e AR AL Fie dRAA AEns AAsE WS T2 dAbelrh dRAA AL
Z7elle F=2 A e) A Holl w2} A4 aAANA R s = B3
Holar glek. IAANA 2 A s A o] Zh= FFek FA A2 A o] ZAITE oL A A7 A o= A4

A 1EES] 545 veith 25714 A A AR = 100T ofstell A 2hgsle adAA s A 600
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T o|4oll A Agsle AkskE Asfdo] 9rh (1 Fx). 100T o)3ke] A9 2H52x = A7) 3 shks4
L2 AR 7Fd FeiA R ghel g Aol 53kl ©Ale] 9Lz, 600°C o)A aL-o] A
ks 27} wlE A o] 9l o Av)E ARE ARSHok 87] whiEel ATA o= Aj5.0] 1A o] =

i 4 54 FA A TS el b Al 129 FAIE 245 & 4 9le F2Y 2AAEA
o] sfparo] WS- g st AR ATLH L 9 F23 TAANAL a0l AR TAANARA FEAL

W pakslE e 3 3 A Aoy ookl F1EE o] Slch
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}-n
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4.3 A

ARAAANA AAAE Selsd FeRee A7 o2 AAATE & 75 o v5E 7fAE SR
T LA AT 7153 BP9 25 A S =5 Fe 75 gk S5 L2l H5 Al AAA
E AR o5 AT AEA o] AL ST A= 98 T AATE dojubA] dkol Aol A stE]
= Abo] dojid 4= glr) de] AR v QlE AAA ZE w4 AT H vlA gk4 £o| (Porous carbon paper)

U ek A (carbon cloth), £ 24 % (metal mesh) E©] glch

44 2|zt

AR AR 2=l A E2] (separator) & 1 6ollA] B AAMH DHAAE Aol & Felshe 9L gt
AR E Abol o] A]e ARTpAe} AbartA o E3E nh] Sfdholv). mgk Eewhe AR AR Roks A
3l YA S ghasley) o] 42 Wk ol A5 ] ¥l 283 F-E (Flow channel) & Alg3l= 8% 4
st ok e 12 Felle A5AA Y AsE o 8T AARA A @& AFAEel oA
AT7F A= 3 glck

4.5 End plate

o2 7)o A7} A2 A E o] ASAA] AEE o] F 3 A
= AR FEEol 7A- e E ¢ AEE 5 3
A=} End plateell= 742~9] 5
£ o) 7 AA FrE 4T

e EEEMEEED)

= 2812 354 0 2 End plateo]] 934 &
= F|aslela AA A o2 kA= moFo

E°| 24=]7]% g}, End plate | 52 77
A7t 28 A= Qlom] WAAE Hofslr] 93l

5.3 - & AudA] ANE 9%

A A AlA= A0 Fxsfol ATAAE £33 Aol v 2] 9 spitel] AH3H4 Q1 A7 E 54
3k Sk A A FA o= dFtte] AlAE 212 1960 thol| A &sle] 1980 el 44 o= A2t Qi)
A AR AR7|zo] 7P A Y F7EEE vEE vlFEske] 48, v 18 w39 57kl itk
w|Zof| A= DOE (Department of Energy) & 53} dprte]] vfalE 7}8ka glom, Q22 7jde] dg A
2] skl D2 &k 7)1 AT Bl ofye} 7]&9] PEMFC % SOFCY] S-g-A7-o) o] 27)71x] B $)3t 77}
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# 5. Fuel Cell Financing/Equity Investment

Amount
Secured Type of o
Company (in US Date Financing Investment Partner(s) Application
dollars)
RBC Capital Markets, CIBC
Ballard Power $100 Winter Equity BWorIdNMarketls,BBMkOFNesblﬁl Planned operations beyond
Systems million 2002 | Financing sy WL LRI 2007
TD Securities, UBS Bunting
Warburg
Double the manufacturing
' . capacity of United Solar
ECD $87.8 VQV(I)%T; PEQZ;tzm B Ovonics’ products, general
Ovonics million X . corporate purposes, including
2005 financing
research and development
investments
Common i
Fall i
Plug Power $.58‘5 a stock Citigroup Global Markets R&D, manufacturing
million 2003 X and Stephens
offering
Oak Investment Partners,
Relion Enterprise Partners Venture
$25 Fall Equity Capital, Wall Street Technology Increase engineering, sales, and
(formerly - : ) : .
) million 2004 financing Partners, Chrysalix Energy, and marketing resources
Avista Labs) ; .
Buerk Dale Victor, and Avista
Corp.
CDP Capital Private Equity,
Mayfield, Ventures West,
Technology Partners, Intel
PolyFuel, $18.4 Summer Capital Chrysalix Energy, Direct methanol fuel cell
Inc. million 2004 Conduit Ventures, KTB Ventures, technology—membranes
Hotung Venture Partners,
Yasuda Enterprise Development
and BIiNEXT.
PolyFuel, $15.6 Summer e Wegt, Chrysghx Energy, Direct methanol fuel cell
. Intel Capital, Mayfield and
Inc. million 2002 technology
Technology Partners
Neah . Castile Ventures, WestAM, Support the company’ s
Power $ 1.2 S Equ!ty Frazier Technology Ventures, development and
million 2004 funding . o
Systems Alta Partners and Intel Capital commercialization programs
Jadoo ' MDV—Mohr Davidow Ventures, Expand research and development
$11 Spring | New venture ‘ S )
Power million 2005 Tt Venrock Associates and Sinclair and accelerate its product
Systems Broadcast Group development roadmap
. ) ) Private .
Millennium $10 Spring Through sale of debentures Consummer electronics, standy
- Placement o o
Cell million 2004 TG convertible into common stock power, military portable power
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