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Outline 
•! Fuel cell technology – status & prospects 
•! Opportunities for fuel cell distributed 

generation in the Australian National 
Electricity Market 

•! Implications for the domestic gas market 

http://www.nfcrc.uci.edu/2/FUEL_CELL_INFORMATION/FCexplained/FC_howItWorks.aspx  
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Fuel cells  
www.eere.energy.gov

/informationcenter)  
Fuel cell voltage  

~ 0.7V DC  

Fuel cell components & flows 
http://www.nfcrc.uci.edu/2/FUEL_CELL_INFORMATION/FCexplained/FC_Comp.aspx  
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EERE Information Center
1-877-EERE-INFO (1-877-337-3463)
www.eere.energy.gov/informationcenter

FUEL CELL TECHNOLOGIES PROGRAM

February 2011
Printed with a renewable-source ink on paper containing at least 50% wastepaper, including 10% post consumer waste.

Fuel Cell 
Type 

Common 
Electrolyte

Operating 
Temperature

Typical Stack 
Size

Efficiency Applications Advantages Disadvantages

Polymer 
Electrolyte 
Membrane 

(PEM)

Perfluoro 
sulfonic acid 

50-100°C 
122-212° 
typically 

80°C

< 1kW–100kW 60% 
transpor-

tation 
35% 

stationary

-
duces corrosion & electrolyte 
management problems                                          

heat

Alkaline 
(AFC)

Aqueous 
solution of 
potassium 

soaked in a 

90-100°C 
194-212°F

10–100 kW 60%
in alkaline electrolyte, 
leads to high performance                                         

2 
in fuel and air                                                  

Phosphoric 
Acid 

(PAFC)

Phosphoric 
acid soaked 

150-200°C 
302-392°F

400 kW     
100 kW 
module

40%

impurities

Molten 
Carbonate 

(MCFC)
of lithium, 
sodium, and/
or potassium 
carbonates, 
soaked in a 

600-700°C 
1112-1292°F

300 

300 kW 
module

45-50% -
rosion and breakdown 
of cell components                                          

Solid Oxide 
(SOFC)

Yttria stabi-
lized zirconia

700-1000°C 
1202-1832°F

60% -
rosion and breakdown 
of cell components                                  

-
tion requires long start up 
time and limits

Comparison of Fuel Cell Technologies

For More Information
!"#$%&'("#)*+&"'%"'%+,$%-.$/%0$//%1$2,'"/"3&$4%5#"3#*)%&4%*6*&/*7/$%*+%http://www.hydrogenandfuelcells.energy.gov8

Fuel tolerance of fuel cell types  
http://www.nfcrc.uci.edu/2/FUEL_CELL_INFORMATION/FCexplained/Fuels.aspx  

Gas species PAFC MCFC SOFC PEMFC 
H2 Fuel Fuel Fuel Fuel 
CO Poison Fuel Fuel Poison 
CH4 Diluent Diluent Fuel if dilute Diluent 

CO2 & H2O Diluent Diluent Diluent Diluent 
H2S & COS Poison Poison Poison Poison 
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Blue Gen, SOFC, Ceramic Fuel Cells Ltd  
(www.bluegen.info; www.cfcl.com.au ) 

   
 

 

 

           
            

      

BlueGen fuel cell generator

Performance
Electrical output 0.5–1.5 kW
Peak electrical efficiency 60% (at 1.5 kW)
Thermal output 0.3– 0.54 kW
Thermal efficiency up to 25%
Total efficiency 85%

Connections
Natural gas 1/2 inch BSP female
Water 1/4 inch quick connect John Guest
Electricity Hardwired via junction box
Flue Balanced flue with standard concentric flue 100/60mm
Communications Standard Ethernet port
Heat recovery 3/4 inch BSP female

Operation
Electrical 230V ± 10%, 50Hz (single phase AC parallel grid connected)
Noise level ~ 47 dBa @ 1m
CO2 emissions 340g/kWh 
Maintenance Minor service: air filters, water filters and gas cleaning
  Major service: fuel cell stack

Physical
Dimensions 600 x 660 x 1010mm
Installation Indoors or outdoors (above freezing)
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(http://www.bluegen.info) 
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(http://www.bluegen.info) 

(AEMO ESOO, 2010) 

Distributed 
generation Distributed 

generation 
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(Gas-Electricity Interdependency, 
USA, NERC, Dec 2011) 

Gas-fired DG 
power plant 

The Future of the Electric Grid, MIT Interdisciplinary Study, 
http://web.mit.edu/mitei/research/studies/the-electric-grid-2011.shtml 
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Main types of distributed generation (DG) 

Fossil fuel (usually gas) DG Renewable energy DG 
Reciprocating engines Solar PV 
Gas turbines Micro & Mini hydro 
Steam turbines Individual wind turbines 
Microturbines Small wind farms 
Fuel cells Biofuel fossil fuel substitutes 
Stirling engines 

DG applications & their requirements 
(Goldstein et al, 2003)  

Application DG requirements 

Standby power Low installed cost, fast start, high reliability, low fixed 
maintenance cost 

Base-load power High efficiency, low variable costs & emissions, high reliability 
(use of local renewable energy fluxes similar) 

Demand response Low installed cost, low fixed maintenance, fast start 
 

Peak shaving Low installed cost, low fixed maintenance, fast start 

Premium power High efficiency, low variable costs & emissions, high reliability 

Grid support Low installed cost, high reliability, low fixed maintenance cost 

Cogeneration & 
Trigeneration 

High useable thermal output, low variable costs & emissions, high 
reliability 



Australian Domestic Gas Outlook, Sydney April 2013 

Fuel cells & their potential to revolutionise the domestic gas market 8 

(Goldstein et al, 2003) 
Also 

cooling 

Goldstein 
et al 

(2003)  

Also 
cooling 
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Trigeneration or CCHP  
(combined cooling, heating and power) 

Fuel cell or 
Heat engine 
& generator 

Fuel Electricity flow 

Hot  
fluid flow 

Absorption 
chiller Cooling services 

Heating services 

Electrical services 

Cold fluid flow 
Hot fluid  
flow 

Note: Cogeneration or CHP does not have a chiller. It provides 
electrical & heating services but not cooling services 

Indicative energy flow distribution  
in a gas engine trigeneration system 

(From City of Sydney, Decentralised Energy Master Plan, 2012, which  
proposed ~ 360MWe reciprocating gas engines for central Sydney 

after considering gas turbines but not fuel cells as alternatives. 
The gas network in central Sydney would have to be upgraded)  
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Energy return on investment (IEEE Spectrum, Sept 2012) 

Comparison of energy & CO2 outcomes (Wright, 2012) 

Trigeneration CCGT with heat pump 

Trigeneration 

Renewables  
with heat pump 
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Conclusions 
•! Fuel cells are one of several types of gas-

fired distributed generation technology 
•! They are most likely to be deployed as small-

scale cogeneration or tri-generation 
•! At present, they don’t appear to have strong 

prospects in the Australian NEM: 
–!Reciprocating engine tri-generation systems, 

solar PV & solar water heating have been more 
successful to date 

–!Gas for DG is usually drawn from gas distribution 
networks in relatively small quantities per site 
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