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Markets Day ï 7 October 2011 

Powertrains and Power Struggles 



Agenda 

14h00 Introduction  

14h05 Fuel Cells Update (Dr Emory De Castro) 

14h45 Fuel Cells & Catalysis (Dr Bob Farrauto) 

15h30 Tea/Coffee break 

16h00 Lonmin View (Troye Brady & Wilma Swarts)  

16h30 Q & A 
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Lonmin Plc 

Fuel Cells Update ï Dr Emory De Castro 
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http://www.corporate.basf.com/en/innovationen/felder/nanotechnologie/fotos/detail.htm?pfid=1014&id=1xHKS7ckIbcp3VX
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Concept of a Fuel Cell 
Heat can be a Product 

Hydrogen generation 

Reformer Cathode 

Anode 
Proton conduction 

membrane 

Fuel Cells offer an electric efficiency of 40-60% 
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Fuel Cell Energy Chain 

Solar Energy 

Wind Energy 

Hydropower 

Hydrocarbons 

-Methanol 

-Diesel 

-Natural gas 

Electrolysis 

Gas Processor 

Hydrogen Fuel Cell System 

Electrical Power 

Heat Power 

Celtec®  MEA 

Catalyst 

Membrane 

Gas Diffusion Layer 
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Membrane Electrode Assembly (MEA) 
5 Layer Assembly 

Internal Gasket 

Membrane 

Gas Diffusion Electrode 

Platinum Catalyst 
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Â High operating temperature (120 to 180 ÁC) 

Â A hybrid of proven phosphoric acid technology with 

the simplicity of a polymer membrane electrode 

assembly 

Â No humidification necessary 

Â Tolerance to impurities in hydrogen gas 

 

Celtec® MEA for Power Generation 
5 Layer Membrane Electrode Assembly 

Unique characteristics: 
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Benefits of HT PEM Technology 
Reduction of System Complexity 

Humidification 
Water management 

HT-PEM 
Fuel cell 
system 

LT-PEM 
Fuel cell 
system 

Gas cleaning 
Remove CO 

Reformer 
Fuel 

Reformer 
Fuel 

HT-PEM technology enables simplified and cost-effective fuel cell systems 
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Potential Fuel Cell Markets  
Overview 

Automotive (GM HydroGen 4)  

Back up power, e.g. Telecom  

Auxiliary power units (APU)  

Combined heat and power (CHP)  
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Key Assumption 

 

 

 
ÂThere is a drive to more efficient use of hydrocarbons 

Č Distributed generation with natural gas, JP8 (military), diesel & propane 

ÂHydrogen Economy is a long term venture 
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ÁRecharge battery with liquid-fed fuel cell: use as heating element 

ÁReform MeOH, gasoline, diesel, or NG/propane  

Catalytic burner 

Fuel 
Hydrogen 

CO2 

Water 
Air 

Electrical power 

Thermal energy 

R
e
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rm
e

r 

ñFor a $35k car, the Chevy Volt has meagre cabin heating when all-electric.ò 

Electric Vehicle with FC Range Extender 
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Potential Fuel Cell Markets  
 

Automotive (GM HydroGen 4)  

Back up power, e.g. Telecom  

Auxiliary power units (APU)  

Combined heat and power (CHP)  
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Â Smart Grid ï distributed power 

Â Insufficient power grid capacity ï free capacity of natural gas pipelines 

Č Avoiding high investment in power grid infrastructure 

Â Opportunity for Natural Gas supplier 

Č New market for gas supplier 

Â Increasing share of volatile renewable energy sources ï virtual power plant 

Č 100,000 ÕCHP with 1kW power supply ſ 100MW coal based power plant 

Â The public tends to oppose the construction of new large-scale power plants    

Â Reduction of CO2 emissions will become mandatory 

Micro Combined Heat and Power (µ-CHP)  
Driving Forces  
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Fuel Cells in the ɛCHP Market  
Energy Cost and CO2-Calculation for Single Family House 

5 kW HT-PEM Fuel Cell 

Intregr. burner 

Heating 

ÂReduction of yearly energy costs 

by 20% 

ÂReduction of CO2 emissions by 

2,500 kg/a (17%)  

Power plant 
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ɛCHP Market ï Competitive Technologies 

Overview  

Electrochemical energy transformers (fuel cells): 

Mechanical-thermal energy transformers 

HT-PEM LT-PEM 

(low temperature) 

Solid oxide fuel cell 

(SOFC) 

Molten carbonate  

fuel cell (MCFC) 

Phosphoric acid  

fuel cell (PAFC) 

Stirling Combustion engine Micro turbine Power plant + heating 

Fuel cells offer in general a high energy efficiency but suffer from undemonstrated long-term durability and higher cost per kW 


