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ol el &2be] 8-S ARg-she 47| A8 A4 (alkaline fuel cell, AFC), I2AF A AE ARE-8l= 12
A8 A2 (polymer electrolyte membrane fuel cell, PEMFC), QAR A E AlL-sl= QlAlE g A A
(phosphoric acid fuel cell, PAFC), $-§8H S AR 2 ALg3sl= 4584k A8 A A] (molten carbonate
fuel cell, MCFC) 28] wA|4k}E-S Asj A2 ARgsh= wAl4k3E A8 (solid oxide fuel cell, SOFC) %
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U ARUA AT DA T A /1529 S AL 4 9 AR SIS
o] B ARAAE AR Aolk o) AT HIPYO B S o] AR WSS PER A7) A
R AR5 A AN B 5 bk lck A ) Al AL R des
£ 2o 202 AT AT TEE vHE] A5E SRATAL AZTHS Astel ARUE U )
S0P, ThE A7kE A A A7) 2akE ARG 359 2k At} Ageke Ee] o
oh A7k AR AT TP ARAAS] AL B T AFATA s AL T ek Pl Y B4
2 Az 7H o) A3 ol BN DA%F $2ABANR 182 A7k AR TR BN
B A7 ARY ARAAR Foel 13 Lol hehhgleh B3 2 ARAA AT Aol ohek et 1
o &5 ARAAS] $FE 2% 194 2ek APl 2 ste] tehgie.
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I
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P& &l =23 &l 28 HAaEA
Bkl g g g
‘ PCFC ‘ ‘DCFC H MFC H DAFC ‘ MAFC ‘

& 1. Classification of fuel cells being developed.
2% Az 7H‘“£l ] AR s Y dRAALE faeletey 2A

o w3k 252571 100T ~ 600T < 'g%fl.‘?: 7];‘_—-4 A LA}
= 35 )& AR qAEE dEAA o,

A7F A58 AsAAR dA =T g v deAAEE TARAE A5 R st A4 A= A
Aekh A5 A A (Direct Carbon Fuel Cell or Direct Coal Fuel Cell, DCFC), P] &% o|-&3}o] A3} dgz i
e A7] YA E A= v AE A5HA] (Microbial Fuel Cell, MFC), %%% AR ALl F4/27] AR
(Metal Air Fuel Cell, MAFC) ¥ &7& £2E5 A5 2 3= AAHYTE 9544 (Direct Alcohol Fuel Cell,
DAFC) o] It} d3ZE3} 1A A2 to|dEoe| 28 A8 2 A8l A Aol 2 i)
(Direct Dimethyl Ether Fuel Cell, DDMEFC) ¢} 7Av] 45 &2 AH-shs A4 /w4 844 (Direct Formic
Acid Fuel Cell, DFAFC) 5] e}

r_>tL

sl AL A B
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FA0|2MEN THIMHE A =X K| (Protonic Conducting Fuel Cell, PCFC)

0] AR AA A o] & Ar IA T 7129 7|FE dojyrh R WA= free—proton mechanism
o= AL Aal el A Fo]252] Akl protono] wAlol= FEjolH, F A o] H=7|FE vehicle
mechanism 2.2 $240]2-0] th2 g}kl o34 uks= Je= vehdo) A aee] Ads| o)A Yeh=
FA0] 22| A% dl¥E vehicle mechanismell ©J3i A Yep= v s Akl o] A Ao A Yefue g240]

vehicle mechanism¥} free—proton mechanism F 7}2] 250l 234 vebd 4= 9l

a0 XA EA AN A A 7] FRE U 5 Y

+ AR BAE EFelAAY HA o} 2L Fx0 Fto] £3E o] YIAY £ 2= 749 Tl
EAets AdjAEo|t) 1 d2e 3R 9o Jle TAYAET Ak A4, phosphonate 50 $12
vehicle mechanism ©f ©J8jA] 40] 2] Ax7} Lojueh FAIMAYS 23 AR 75 BE Wi
o] A3H= &°] 100°C ostell A Al 2=+ 54 o] At

T A Frol ATl TAANAL FRE = TTSRAL QAN Aol &Y AL AA A 0w wA=
A Aot} §7] =& F7] $31E0] o] £F9 &3P, CsHS0:8} 22 1A AH(solid acids)# hydroxide,
oxyhydroxide, hydroxycarbonates ¢ 22 <714 (bases) A S-0] 9t} o] EAEL A} Y¥o] ZAs1=
F20]& vacancyY interstitial ol S84 a0l o] o]FrE = S5 YERW, EE 200T ©]3}elA]
dehydrated = AL Uehdich 22y} 25 welbx 200T o|AAE oA A)Ato|u} hydroxide ¥
oxyhydroxide 5% ¢t}

Al AR a0l A=A TAAH A 2AA

0 pus

o2 Yo 25 ¥ieha] 2 1AEARA, F419] #5714
Sl 7}29) ukS8le] o] %0 7153 interstitial <=

=2
o] 2S Yl itof| A4 A)7]= AkekE-o| Y phosphates, sulfates,
halides, sulfides 5-°] 9t} o]52 A2HE 22

RO R EASRE Sav} ofleh 92 RE ol e fol o w0 o
22 olgsrE Siolee] sA D 447} 1 T
FAS B TLAE ol ARAL FANE

Ae] e,

fe e

&;1(11

i

(V] 8 HIPOA() d
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Log conductivity (S/cm)

Wol A EHE TeolA Saol ARRE Uehe o

AEEE AAAs el A s Nafionel 11314

WA e ghe el oick 2% 2014 £ oY

o EAE FEE A4 kAR e HlsE B4

oo 383 ALe) AELEA AL S Y 4 Yk

Golch, BAl e ATAZA A 1 ool EAlsh 4] o
£4S WA 13 977l AE T ek

J& 2. Selected literature data for proton conductivity
as a function of inverse temperature®.
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T+ 257} SN we} Ao] AR R} o= AR ZILshH T} o = o)A}
AR AU ARE-o] E7FsalAle dAbe] Uehdth =571 whe} $24- o] &
A7} 0388 s 5+ a0l HiA 93s sl =o] wpAW AU 3120 $E f40) & A
Tol 23k 29| o] FHAaH7] wo|th. 17 264 g 54 A<l 2L [ISPAP (imidazole—intercalated
sulfonated polyaromatic polymer) 2] 7% 2Ao]= A 100 ~ 200TC oA 10 mS/cme] §4 o] 2 A & el
™, CsHSOiZ 140°Col el FA7 4 o]A =R S7F vehdt: Aolot. 22y IISPAPY CsHSOs
EF200CE 255 S99 Lal= Avt Bt ste] AR A= 7] oA =t

Fho|2AEA TAAEES F2 perovskite—type©]®, JEA A EAZ2E SrCei-Mx03-« E= BaCei-
MO3-« &°] gt M #Alg|of|+= rare earth elementsE¢] 97t} 1 &9l KTaOsy CaZrOs, BaZrOs
Sr7ZrOs 9} 2+& Doped zirconates -©] Itk AbslEol| A gr4-0] 0] A== whe-& b3t )oY,

H20(g) + Vo **+ 0o = 20H, ®
o] EAekE Abagwell 017kl 9ol EAleke AkaAke} At o] F-of 7714 OH
2735 OH® oA H* 7} o8t Aol 7]ofs}A) e,

Fao|RARA yAANEE A 2hg2xol w} 73k 100°C I3k 100 ~ 190T, 190 ~ 350TC %
350C oAl A 2hgsl= AFA R T 4= ek 100°TC o 3hol| A a0l 2ATAE Hoj= vAAF AL
AF3E sulfophenyl phosphonates, sulfonated elastomers, heteropolyacids 5-¢] 2™ AAEF A& E 19
Yehigler, 100 ~ 190T oA aol A xS Bol: nAAS AL & 20 Yepuiglct 190 ~ 350T oA
FAO)|2ATAS Holx= TAAFNAL ¢ —Zr(HPOs) 2 ¢} y —ZrPO4[02P (OH) —CsHs—P—0 (OH) 2] nHz0 5-°]

a
3L, 350C o] Aol A 253l AR 2= Perovskited AFshs 577} et

a7 2004 B wA| A A
o] Ex o] dlME 238 o

2.2 AFELA HZHX| (Direct Carbon Fuel Cell or Direct Coal Fuel Cell, DCFC)

z AR A= 18969 William Jacquesel] 3|4 A-52 = k=] et 28y Jacques?] 7]€2 1 %
1939Q7}A] o} & A3 AEo oA A& EP o 197394 o] 28 A of SRI(Stanford Research
Institute) 2] Robert Weaverel] Qa4 AxA o=z A= 4 9t} o]& 1990t 54 SARA (Scientific
Applications & Research Associates, Inc.) 9|4 $4BMEF As|2AS o] &3k DCFCo| tiste] A5 A2
2, 1990t "ol LLNL (Lawrence Livermore National Laboratory) o4 4§&H19 Asf|AL o]-4-3F
DCFCel w3t -5 A28}l

DCFCE 7|22 o8 oA Fof| A 9] 217} o o4 214 Abshike-& Yo7 3 ofuf YA A=
< MaEA F7] F Ao 3HdERSo el AR EE Ao A5 17 32 LLNLOA 7]
3 9lE TREF AsjAE 043 DCFCE A o= vehdl T3lojo}. o & 0 2= QA3 'har}
A W2 355, HrE Fo 2 377t 3ok AAE §a o] o]e2 UEF o] o34

ofidet. AAIFE A3} - ZHINRE-E vt Rt

AbgkS 2C 4 2Na:COs = 2C02+ 2C0 + 4Na* + 4e
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# 1. Proton conductivity and activation energy for some representative materials at room temperature.

Proton conductor 6 (Scm™) E .(eV)
Three-dimensional structure
H,Sb,0;; - 3H,0 2X107° 0.42
HSbO, - 2H,0 3X10° 0.20
Tin—mordenite 107
Layered structure
B —NH,(H30) 0 6621 10.3:MTg 6017 3X107°=1%x107° 0.27-0.31
H,Ti,Oq - 1.2H,0 107
HUO,AsQ, - 4H,0 5%X10°° 0.27
HUO,PO, - 4H,0 5X107° 0.35
H,Sb,P,0;, - 10H,0 4X107° 0.33
HSbP,0; - 10H,0 107
a —Zr(HPO,), - nH,O* 107 0.3
v =2r(PO,) (H,PO,) - 2H,0 3x10™ 0.24
a —Zr sulfophenylphosphonate 1.6X1072 0.20
7 —Zr sulfophenylphosphonate 1X107° 0.21
Hydrated oxides
Sn0o, - 2H,0 4x10™ 0.20
Sb,0; - 5.4H,0 7.5%X10°° 0.16
Heteropolyacids
H,SiW,,0,, - 28H,0 2X107° 0.4
H,PW,,0, - 29H,0 8X107 0.15-0.25
Sulfonated polymersb
S—PBI° 1x1072 -
S—-PEEK-1.6° 3%X1072 -
NAFION® 5X107 0.22
Impregnated membranes
polyacrylamide - 2.4H;PQ, 1.1x107? —

ZLIukS- 1 202 + 2CO + 4Na* + 4e = 2Na2C0s

919] 245}, 940 2ol BAAG A BAEFo] ol LA AN AE A5

2k ojuje} 4

o)

RERXS

He
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H 2. Proton conductivity of some representative materials in the operating temperature range of 100 ~ 190°C.

Proton conductor T(C) %r.h. 6 (Scm™)
a —Zr(HPQ,), - H,O? 100 97 1.5%10™*
Si0, - 0.33a —ZrP 100 97 3x107°
a —Zr(HPOQ,), - pyrazole 120 0 1.4x107°
v =Zr(PO,) (H,PO,) - 2H,0 100 95 3x10™
a —Zr sulfophenylphosphonate 100 60 1X107°
180 0 1X10°
y —=Zr sulfophenylphosphonate 100 95 5X107*
150 80 1.3x107°
Nafion® 100 100 1.6x107
150 75 5X107?
S—PEEK-2.48" 150 75 3x1072
S—PEEK-1.6° 100 100 5x107*
150 75 3x107°
PAMA*H,PO,2H,PO; 100 0 1x107?
PBL.x H,PO; 190 11 4x107
CsHSO, 150 0 5x107°

ol Zredrhe Aolrt e iAle MIUES sl A Sof ks o] of: =2 g5} DCFC Atshike-t 3
Aukgo] A7) 322 dds] o] A AA i

AA WS- C+ 02= COe

%, Bk} AT} ukg-ste] o) Abslekart whEo Al 1 Aol 4] A7) e 219 Dol A7} kA sl Aotk
DCFCe] 25257} W7 wjiof] A AbalEd) 22 f-3| &2 o) whAyalA] ob=ch

7] 4% SRIGlA 5 DCFCS 74 MeFg o= vepd 18lo|df. AsjAa} 4= whgat 24 SOFC
o} FAH, ot Fof| A= A el BhA AR} S5l oA TRk & ML elAE Akl 3
Hhg-ol| oJ3f Akaol&o] YAE I, efrEofx= CO ¢ CO7t A AsjA=E YSZ7L HAERE LSM

(Lanthanum Strontium Manganate) Z18]3 AR A A 2= G4 T Yoy F-47 0] o] 853 9)

DCFCE AA AAH o2 712771 Ald= 1 gl 2714 o] AFAe) glom, SRIeIA AlE A7AEE
12w 20099190 10 kW £ DCFC 98% A8 7H53laz, 201390l 500 kW 9] HAMPA A A1$-32, 2020
ol 7129 s A5 HAlste Ao® Fof v,

DCFC 9] 42 & 3ol vehd A" A Au)7}F A sh] 727} oA o2 2hdsta A o] St 7129
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CcO Na*| separator Na,CO,

Air cathode

w——\_/—\___l/\_'—/—“
Air

18l 3. Schematic representation of a DCFC using Na2COs electrolyte

whA 20} v) a4 B8 S w28 B4d0 YeRA A2 DCEC/} 718 A& sle), 8k A7) Aeke A}-8-3}
22 Qgw)7h 4G 35 ~ 60%] AR E&E et FaARAA 9 3] 85 ~ 00%°) AR £E2 24
A% o} Q8RR vl 3 ks AA Y] A7) folslt). Bhag A Ay nE AAs|E Dg ¢l
ou, Sl A 9o F A2 AHgst] BAAHAL 2 Solt A8 Gov) 1 0BT 8
ek & Far} pad R AR ol wla ekl

CO or CO, bubbles
Carbon fuel particles
Anode current collector

Owxygen ion conductor

Alr flow
Cathode current collector

1%l 4. Schematic representation of a DCFC using an oxygen ion conducting solid oxide electrolyte[a].

DCFC ¢ B0 2 A A3 S QA AS AHGHE F4352) 34 BAV} ol 4+ 9, ke 4y
Bl oAbkt $41815 9] A7} B aslel Aol gle.
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# 3. Cost comparison between DCFC and Coal—Fired Plant.

, Cost Traditional Capital ltem Cost
DCFC Capital ltem ($/KW) (Coal Fired Plant) ($/kW)
Coal receiving 48
Coal handling 6
Coal receiving 50 Boiler 248
Coal handling/Clean 30 Electrostatic precip. 48
DCFC stack 200 Steam turbine 214
Power conversion 200 Cooling system 22
Power distribution 40 Water treatment 14
Controla and Inst. 30 Power distribution 40
Miscellaneous 150 Controls and Inst. 22
Contingency 100 Flue Gas Desulfurization 112
Land, Permits, etc. 50 Miscellaneous 144
Contingency 2
Land, permits, etc. 50
Total 850 Total 850
H# 4. Cost of plants.
Type of Plant Plant cot(§$ /kW)
DCFC 237
Microturbine 500
IC generator 500
Coal—fired 1000
Wind 1250
Solar 2000
H, fuel cell 2000

2.3 0| 4= HA=HA| (Microbial Fuel Cell, MFC)

A= ABAA T v AE dAelA AFE AAE o] 88l A5 AAels v E dRAA=A “Bacterial
Battery’ 2k % gt} v|AE A8 A A= 19624 Davis®) YarbroughZ} Q1485 A2 Bustg 1, 19604
NASAGA 541 A2 S A8l Ak=]7] A2 A 353k dubAQl e A5 17]ES 230
SPAA A AALE A2 el A Abzel|A] Adsled, o] WlAlsk a2 AR viiA S o] -3t
ANE Ao 7 Fop oz ARAAE T 4= ok 2|y WlAlshE ) 22 AL A v /iAE2 744 o]
B A o = el gk Al o) gl

“frepdE} (Shewanella) Bhs WSS A o] & AAARALR o] 83| Wil A2 = A55 dol £ |
Aeo] gefee] 7les welsha ANE AAE A522 ¥tk “REIFA ol FAl2" (Rhodoferax
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Ferrireducens) 2= H|AES AMAE ARESHA] Sk 28|79 A8 $HA 3] w3ljsle] 24719] 4023} A Z}—
Frelete, AAAGANA 7L glo| = AAE Aoz Agdit) B 5+ AR WA 2e glo] Ak Hha
oEa ol &8s MFCEY oot s BT glon, & 6 thekst AAAD A E AH-3he MECES] °1]
G A= BT Qi

g A ABAA Y QEE o3t AF Al Alxske W ol Penn Stateth el A ZtE ¢l
BEAMR (BioElectrochemically— Assisted Microbial Reactor) & BH = o] Ax|= ulgg|o}Z o] &-3}o] ot
oA ao] &3 AAE YA LB oM e FA7MAE AR 4= Qloh MFCS} thg A A Zo Aka
7} A ¢kem 0.25 V o] ofg Agks AFAbelol] 7Rtk Aot o] 23 Hk5-7]7]E sl ol o]-&-s}
H, Ea A3 Bk op2t 45 AR A5 5 Y A o] Sk &, 59 ARl 2agk Ao A
0 d AR Ao ® 45 YAt = glom HaRA S o] &3 740 YARTE $40 Y F50] o

}I_.;_E]_[SI .

# 5. Examples of microbial—based biofuel cells utilizing fermentation products for their oxidation at anodes.

" . Biofuel Biofuel cell
; . Nutritional | Fermentation
Microorganism cell current or curret Anode
substrate Product ;
voltage density
SREEI Waste water H bigey deeh 1F()3t5_ b’lE(lgkaennoedde’s\J Ii’n
butyricum 2 (at TW) (at 2.2V) o
series)
Clostridium 0.66V 40mAcm™
Mol H Pt—blackened Ni, 85¢cnt
butyricum 01asses ? (at 1W) (at 1W) oAl S
Clostridi 0.6V 120mAcm
o8 r,l um Lactate H, ] mAcm Pt—black, 50cr
butyricum (oc) (sc)e
Enterobacter 1.04V 60mAcm™ Pt—blackened stainless
Glucose H,
aerogenes (oc) (sc) steel, 25crt
Desulfovibrio 2.8V Grgphﬁe, ColOH),
, Dextrose H,S 1A impregnated
desulfuricans (oc) : .
(3 anodes in series)

=&/27| AA=HX| (Metal Air Fuel Cell, MAFC)

F&/37) 484 l% AEE WA o] gt Zn, AL Mg, Ca¥} 22 F4-& AHsl As|A 2 8902 A4
g}, 183 AAERE U2 ARG AR N MY v R 37 AT A 34/87] AR T4/
7] wlel 25 BejojAn, v e} A Ao F7 B4 Wl FE5A87) AR el A= Aks} uk
& AAEE AA YR 21U E AR Aol A o= Pt wlefE] o} fAshe, ARSHA| R A A] 95 ¥
7] 5 AAaE o] gtk Ao M Al FH-e A8 A9} Uit F4/37] ABAA] T FA A3} o=
A% o]Fo7 7 0 7= Mg/Air, AlI/Air @ Zn/Air A5H 2|7} ek
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# 6. Examples of microbial—based biofuel cells utilizing electron relays for coupling of the intracellular electron transfer

process with electrochemical reactions at anodes.

" Biofuel Current or
. . Nutritional .
Microorganism Mediator cell curret Anode
substrate )
voltage density
1—Naphthol-2-
Pseudomonas sulfonate indo—2 05-06V 2.8mA cm™
CH , ’ Pt—black 12.6cn
methanica ! 6—dichloro— (oc)® (at 0.35V) EHE
phenol
Escherichia coli | Glucose Methylene blue 0.625V (oc) - Pt—390ar
Proteus vulgaris : -
0.8mA
Bacillus subtilis | Glucose Thionine 0.64V (oc) m Reticulated wtre(?us
Lo (at 560W) carbon, 800cn
Escherichia coli
Proteus vulgaris | Glucose Thionine Sl S FENEVIEEE TTEan
o (at 100W)° (at 100W) carbon, 800ar
. 350mA 3.5mA
Proteus vulgaris | Sucrose Thionine (at 10r8W)b (at 1(%\/\/) Carbon
L 390mA 0.7mA
Escherichia coli | Glucose Thionine (at 56rgw)b (at ng)w) -
Lactobacillus
plantarum 90mA B
Streptococous Glucose Fe(lll)EDTA 0.2V (oc) (at 560W)°
lactis
Erwinia 0.7mA
dissolvens Glucose Fe(lll)EDTA 0.5V (oc) (at 560)W"
. 2—Hydroxy—1, 0.45mA Graphite felt,
Proteus vulgaris | Glucose 4-Napfhoquinone 0.75V (oc) (at 1kW) 10(0.47mg")
1.4mA cm™
Escherichia coli | Acetate Neutral Red 0.25V (oc) Tso)cem Graphite 100cr
17.7mA i
Escherichia coli | Glucose Neutral Red 0.85V (oc) " Graphte felt,} 129
(sc) 0.47mg™)
- . 2—Hydroxy—1, 0.53v 0.18mA Z
Escherichia coli | Glucose 4-Naphthoquinone (at 10KW) om™ (sl Glassy carbon, 12.5cr

AAeA dofufe W2 cfeEoie w5 ne) Ashikee] 181 jaE
ool 242} ofello] Ao MAd Qojidet.

A 5715
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3AWe-: O + de + H:O = 40H
AR nM + Oz + H0 = nM* + 400

mhA, Hkg-o] Aol wEt A5 W S5498 W 29 2371 doju 2 S50] 23} 4138} o] 0] A
At A5} of 228 W o= =of A ALE wAste] AG ARg-o] 7hesi.

w57 ArAAlE 712 e el vlel chekdt A ZHA A ek 715 wiE el vl o] W=t
A o) 3L, 7 AFAe) Thsste] mEA ATA & 4 glow, wald Fake] A Al ook A%
Ao, ibgAA E 2 ABE-o] bt =3 x| 9] o] ZaL, 7P A 283t rbedt ARl Qo
Aoz MAANEE ARSI R 55 2R FAZAF YlaL, 7HA o] d5AA] o vlsiA 109 A= wlstch=
Aol et w3 v drAxsTe 28 ieAEEE 0] Wil AR wed ol F Aesfof sk dAlo]

A F&/37) A5 AR o gk Ag-3 A= Alair AZ A2 A% “Aluminium—Power, Inc.” 9|4, L8]
A X&) A2 “EnvironPower” £} “Magpower Systems, Inc.” S-o|A] o]Fo]#] gt} +&/37]) 984
A9 &5 2= FUAS L ER ASE 5 4 A7AA} AlE] Aoy A AP oA AE3 9 3ol

o= A5 S, 183 A5Gl $FA T Fol ghek

ol

2.5 XEUAZ HAZNMX| (Direct Alcohol Fuel Cell, DAFC)
ARLTE ABAXE 7|AA e ARE AREEE FadBAA g g o

o] A5.0] AR} -gnke] HAe|she kA o] wrhs Ao vk o R AT &5 AA A7) HA ol A

= CO 7} v g EoA Abshike-S AN 7= w534k Yehdvhs A3 3.8 d87F w324
< E7ste] AHAER 0] E8= cross—over #Ao] Ul A%o] AslE] 3 521 o] o}z
4+ €47 95 EF Methanol, ethanol, ethylene glycol, propanol 5-°] $l.om, 1 FellA 717 ksl
1l + methanol °Jt}. Wlghe& A8 E AHEste dEAAE AR W2 A5 A4 Direct
methanol fuel cell, DMFC) 2 w2 #-51-5] o] Feil& AA7]7]e] A0 2 spisa glom A suf - ¢ w
7195 0] #olste] Fold DMPCe) AF4-3} d7/E Assla 9l A olc}. DARC 2o A4 ele) 485
AREsRE A3 2 AR tho|vEl o8l 2 o 54 4] (Direct Dimethyl Ether Fuel Cell, DDMEFC) £} 7jw] A&
A2 A8l 247 m|AF 9 844 (Direct Formic Acid Fuel Cell, DFAFC) 0] It}

e
=
il
L
39
v

P
rlr
rf
At

3. s

£ 71aelMe @A w2 A o] o FolA glew A A A9l 6714 A=A (AFC, PAFC,
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ARG 2rol A A71 ABRAA R FESHAL L A Q) A2 mES ARlekgloh Al div] A
ko] BAME AT Y 28] FrofA T o] E5 w2 A AR 5 ol whE e APt Y Al AR 4
Aol AxA vAANAL LT Y 1 F Lol AxA wAASNA A5 AR (PCFC, protonic
conducting fuel cell) o Wel A ARAlsEAl hick A7) ARE AHE-E 4= 9= vlEE ARAA A= 714 <]
71 A g Aekg o] g5l A AEkA A8 A 4] (DCFC, direct carbon fuel cel) & 7752 A8 = AR7V53F
u| & 8 A4 (MFC, microbial fuel cell), 47-& £75 82 M3k A4 L7E A8 44 (DAFC, direct
alcohol fuel cel) 183 F4& AR E A3l 35/57] ABAA (MAFC, metal/air fuel cel) & 7--8}e] 4
glegl). o3tk A A& viEo 2 AR A Ao Aspils o|sslaL Agstel miEA = gd 4 le AVeE

el 2 o] 5718 71
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