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Abstract—Power generation technology utilizing fuel cell becomes an area of technological interest due
to its superior characteristics such as energy saving and enviromental-friendliness. Major emphasis is
put on phosphokric acid fuel cell technology in this paper. Current technological status and commercializa-
tion effort of phosphoric acid fuel cell are assessed along with the future developmental issues.
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Table 1. Comparison of methanol and natural gas reforming fuel cells

Methanol reforming PAFC Natural gas reforming PAFC
Design Measured Design Measured
Efficiency*
100% load >37% 37.7% >30% 36.0%
75% load 40.6% 35.6%
50% load 36.7% 34.3%
20% load 22.9% 31.6%
Cold start up <3 h 3 hr <3 h 3h
Load increase in a moment in a moment
Harmonic voltage distortion <3% no change <2% 0.6%
NOx emission <20 ppm 2 ppm <20 ppm 4 ppm

*Electrical efficiency only : efficiency as cogeneration is greater than 80%
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Table 2. Evolution of component materials for phosphoric acid fuel cell

Component ca 1965 ca 1975 Current Status
Anode - PTFE bonded Pt block - PTFE bonded Pt/c - PTFE bonded Pt/c
+ Pt : 0.25 mg/cm? - Vulcan XC 72 - Vulcan XC 72
+ Pt : 0.25 mg/cm? » Pi10.25 mg/cm?
Cathode + PTFE bonded Pt block - PTFE bonded Pt/c - PTFE bonded Pt/c
- Pt : 9 mg/cm? * Vulcan XC 72 - Pt : 0.5 mg/cm?
- Pt : 0.5 mg/cm?
Electrode support - Ta mesh - carbon paper - carbon paper

(porosity : 90%) (porosity 60%)

Electrolyte support - glass fiber paper

- PTFE bonded SiC

- PTFE bonded SiC

Electrolyte - 85% H,PO,

. 95% H3PO4

- 100% HsPO,
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Table 3. Design characteristics and performance status of phosphoric acid fuel cells near commercialization

Ttem ~Developer [ JFC config. A IFC config. B Westinghouse Fuji
Application utility on-site utility utility
Manufacturing technology semi-contin continuous semi-contin pilot scale
System size 11 MW 200 kW 3-13 MW 5 MW
469 cells 320 cells 1900 cell/mod. 6 mod.
Cell Size(m?) 0.93 0.5 0.12 0.8
Coolant water water air water
Current density(mA/cm?) 431 215 267 300
Power density(mW/cm?) 307 140 188 223
Operating pressure(atm.) 8.2 1 48 6
Electrical efficiency(%o)** 45 40 43 41.2
Decay rate(%mV/1000 hr) <12 <1.2 <1.2 *
Lifetime(hr) proven >3,000 >10,000 >15,000 >12,600
goal 40,000 40,000 40,000 40,000

*no data available

**with respect to HHV(High Heating Value) of natural gas

Table 4. Comparision of installation and maintenance cost of various cogeneration methods

Tochnology Electrical efficiency | Thermal efficiency | Installation cost* | Operation cost*

Diesel generators with 36% 18% $ 1425/kW 0.93 cent/kWh
heat recovery systems

Gas turbines with heat 26% 39% $ 1060/kW 0.69 cent/kWh
recovery systems

Fluidized bed boilers 33% 43% $ 1725/kW 1.14 cent/kWh
with steam turbines

Phosphoric acid fuel cells 40% 43% # 2850/kW 0.54 cent/kWh

*Costs other than fuel cell are in 1982 dollers
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Table 5. slopes of linear region of potential vs. current

AFC PEMFC

PAFC MCFC SOFC

dE/di (© -cm?) 0.05 0.10

0.20 0.40 0.40
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