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Common Demands on Fuel Cells

high total efficiency

reliability in daily use during fast startup

during operation

during long periods of shutdown

many different fuels usable

simplicity of the whole system

ease of maintenance

high power density (kW per liter, for small units)

high specific power (kW per lb, for mobile applications)

low price



Advantages of the AFC

 low cost electrodes

 simple way of stack construction

 higher voltages

 sufficient lifetime for electric vehicles

 low sensitivity to misuse

 low sensitivity to impurities like CO or NH3

 not sensitive to long periodes of shutdown

 fast startup when used in hybride mode 



K. Kordeschs Austin A 40 (1970)

Fuel Cell:

H2 / air

90V / 6kW

Battery:

SLI lead acid

84V / 7kWh

Hybrid weight:

1600lb

Max. Speed:

50miles/hr

Range:

185miles



THE SILVER VOLT
Electric Propulsion System



The Apollo Fuel Cell Assembly
Launch of Apollo 15

AFC-Module Data:

weight: 109kg

diameter: 57cm

heigth: 112cm

operation temperature: 200°C

electrolyte pressure: ~3bar

nominal power output: 1.5kW



Advantages of Circulating 
Liquid Electrolyte

 easy thermal management

 easy water management

 barrier against reactant gas leakage established

 accumulated impurities and carbonate easily 

removable

 reduction of concentration gradient

 some parasitic currents (in multi cell stacks)



PEM - Humidity vs. Temperature



Sufficient Lifetime for an Electric Vehicle

Given:  Total Range of a vehicle: 125.000 miles

Medium velocity: 30 miles/hr.

Therefore, the operating time is ~ 4000 hours

Lifetime of an AFC-electrode: ~ 4000 hours

IF:  liquid circulating electrolyte is used

 electrolyte leaves the cell after shutdown

NO MORE LIFETIME THAN 4000 OPERATION HOURS 

IS NECESSARY FOR MOBILE APPLICATIONS



Electrochemical Reactions 



Carbon-based 
Gas Diffusion Electrode



Properties of new AFC-Electrodes

Electric Properties of UCC Electrodes 

Compared to New Nickel Foam Cathodes Developed in Graz
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Properties of Stack Mk III
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Principle of an AFC-System
Air / O2 H2

Electrolyte Reservoir

CO2-

absorber

H2O-

condenser

H2O out

Air / O2 out H2 out

Heat

exchanger

air



Bipolar and Monopolar Stacks

Stack Mk I Stack Mk II Stack Mk III

1998

bipolar

15 cells

90 W

24 W/liter

2000

bipolar

19 cells

130 W

25 W/liter

2001

monopolar

21 cells

290 W

120 W/liter



Fuel Cell running on Ammonia

Anhydrous 

Ammonia

Ammonia 

Cracker
Fuel Cell Module II Hybrid battery 

(lead acid)
Consumers

Consumers



Properties of the AES System

 low cost electrodes (carbon-based, plastic-bonded)

 low cost monopolar stack design, no bipolar plates

 low cost commercial tools for operating the stack

 no humidifier, no compressors, no membranes

 fuel (H2, pure or reformed) at ambient pressure

 air at ambient pressure

 easy startup (hybrid) within minutes

 simple shutdown

 self-regulating water and thermal management

 tolerates 150ppm CO2 (air: 300ppm)



Detailed Gas and Electrolyte Flow



Advantages of Ammonia

 Not flammable

 liquid at very low pressure

 1.7 times more H2 than liquid H2 (at same volume)

 low cost (third largest chemical produced worldwide) 
NH3: 1.17$/kWh    Methanol: 3.79$/kWh H2: 25$/kWh      [Kaye, Bloomfield]

 distribution technology available and in daily use

 simple cracking (low temperatures if used with AFC)

 no cleaning of the reformed gas necessary (H2, N2)

 not toxic

 easy smellable
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