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Table 1
Characteristic features and impurity tolerances of fuel cells.

Classification Low temp. Medium temp.

Cell type PEMFC PAFC

Characteristic features
Temperature range (*C} 40=80 205 650 G00=1000
Charge carrier H* H* oy [V
Electrolyte PE membrane] Phasphoric acid Maolten carbonate in LiAIO, Yitria stabilized zirconia
perfluaro sulphonic
acid
Caralyst Pt Pt Ni Inarganic or Steel
Cell companents Carban Craphite Stainbess steel Ceramics
Energy efficiency [X)
Electrical 45* an 45 38"
Heat and power Tl=90 =85 =80 a0

Power pacis (kW) 1=250 10 10 S0 10040 1=1000 1=3000

Preferred applications  Backup power, Remuote Distributed power systems  Electrical, industrial and strategic areas  Residential and commercial
automotive and stafonery
smiall stationary power systens
platforms

Impurity tolerance levels

[as] Poisan | < 0.5%) Poison (|« 10 ppm) Fuel

0 Diiluent Diluent Diluzne

Hz0 Diiluent Diluent Dilusne

5 Paizon Mo studies e date (a) Poison
= 20 ppm [Ha5) = 1 ppm [Ha8)
= 50 ppm [{0S)

NH» = 0.2 mol% = 5000 ppm
Halogens =4 ppm =1 ppm

Transesterification

SOUD FUELS
BIOMASS

COAL
wonceat Cnetadon | | [Fermentain

AGROWASTES

Gasification / Pyrolysis

GASEQUS FUELS
NG/Prapane LQuID FUELS
Coal Gas L GTL
Synthesis Gas BTL/CTL
] Biogas MeQH
Ethanaol

Anaerobic Hydrogen -
Digestion Biofuel

J

FPs
Fig. 1. Renewable and |lower carbon primary and secondary fuel options for FPs.
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Fig. 2. Reforming options for FPs.
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Table 2
The reaction chemistry of fuel processors and fuel cells.

Type Temp ("C) Catalyst

FP reactions

Hydro desulphurization of CH, RSH+H; —-RH+H,5 Mild exo 300-400 RuS,. MOS,
Partial oxidation (catalytic) CyHy +50; —nCO+-0H; Exo 800-900 Ni, Rh, Pt, Ru
Steam reforming CaHyp Oz + (03 +3.76N;)4+-2(n—Y - H 0 Endo 700-850 NijAlOy. Rh, Ru

= nCO, + 2[;n-y-§+’$} Hy+3.76y Ny

Oxidative steam reforming CyHi +nHy 0 < nCO+ (n+)H; Neutral 160-300 LafCa[Fe oxides
Water gas shift reaction CO+4+H0 = C0;+H; Mild exo 180-260 Cu/Xn/Alz04
Preferential oxidation 2C0+05 =200, Exo 80-180 Pt. Ru, Au, Cud
C0 methanation C0+3H; = CHy+H:0 Exo 240-280 NifzrQy
C0z +4H; = CHy + 2H20 RuyfTi0
Catalytic H; combustion 3H; + 05— 2H04+H Exo 400-450 Pt
2H+M—+H;+M
FC reactions
PEMFC
Hydrogen proton formation 2H; —=4H" +4¢ Anode 60-120 °C
Water formation 0y +4H™ +4e- —2H,0 Cathode
Owverall Hy+1/20; —H;0 Exo
AFC
Water formation (at anode) Hz+2(0H) ~ —2H20+ 2e Anode 190-200 "C
Hydroxyl ion formation 1/20;+H;0+2e- —2(0H) Cathode
SOFC
Water and CO; formation (at anode) Hz+0* —H,0+2¢ Anode 600-1000C Ni cermet
C0+0%" —C0,+2e ~do-
Hydroxyl and oxygen ions formation (at cathode) CHa+40% - 2H20+C02 + 8¢ -do-
1/2 03+ Hy0+2e- —2{0H) Cathode
1/20,+C07 " —Hy0+C0;+2e -do-
MCFC
Water formation ||.‘+co‘:’, —H0+C0;+2¢ Anode
Carbonate ion formation CD+CO§ — 2005+ 2 -do-

1/205+00; +2e~ —CO} Cathode
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LISUID FUEL
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PRE
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|
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Fig. 3. Fuel processing requirements for various fuel cells.
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Fig. 4. The electrochemical process and current circuit in a fuel cell.
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