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Efficiencies of
different drives

Quelle: ZSW
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For example: new degrees of freedom via fc
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Advantages of fuel cells
• no noise by the cell itself
• no moving parts, vibration-free
• not limited by carnot-efficiency
• different temperature ranges from 60 to 

1000°C
• low emissions
• still sustainable advantages!!!
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Disadvantages of fuel cells

• presently too high costs
• inadequate state of development
• sensitivity of certain components (S, CO)

• temporary disadvantages to be solved!!!
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Scenarios of car distribution

Quelle:  INTEMA
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2. Fuel cells as primary drive
for motor vehicles
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3. Motor vehicles -
application: APU
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Product: Vehicle-APU

+

APU 
replaces: ++



P. Claassen
Steyr, 25. 6. 2003

Fuel cells, danger
or challenge?

APU - benefit for users

• Independent vehicle heater and air condition
• improved cold start
• decreased power needs
• total availability of all systems without 

running engine
• decreased fuel needs (up to 1/3 savings)
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Comparisions of
APU efficiencies

• Fuel cells
• Diesel - APU
• Trucks at idle

Efficiency ( % LHV)         CO2 - Emissions (kg /kWh)

~ 40 0,68
< 30 0,9
~ 11 2,4
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4. Further mobile applications
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Application
lift truck
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Application mining
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Application
boats
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FhG ISE

PEMFC - Application Notebook
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3 cell PEMFC
(Corresponds to: 1,5 V, 16 Ah)

ZSW
ZSW
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Application
modelling
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5. Fuels and infrastructure
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Fuel savings - cars

Baseline

Quelle: GM WTW Studie auf www.lbst.de

Vehicle/Driveline Type

Fuel 
Economy

EDC
[l/100km]

Engine 
Efficiency

Vehicle 
Efficiency

Acceleration 
Time 

0-100km/h
[s]

Fuel 
Consumption 

Reduction

Zafira 2002 PFI Gasoline 8,15 21% 18,20% 11,6 0%

Zafira 2010 Gasoline CD 7,66 22,50% 19,40% 11,6 -6%

Zafira 2010 DI Gasoline  CD MTA 6,59 25,20% 22,60% 11,4 -19%

Zafira 2010 DI Diesel CD MTA 6,16 28,50% 25,50% 11,8 -24%

Zafira 2010 DI Gasoline HEV 5,19 32,90% 30,90% 8,8 -36%

Zafira 2010 DI Diesel  HEV 5,18 34,80% 32,60% 9,4 -36%

Zafira 2010 CNG ICE 7,00 25,80% 22,90% 11,4 -14%

Zafira 2010 CNG HEV 5,42 33% 31,80% 9,1 -33%

Zafira CH2 FC 3,59 56,60% 44,30% 10,7 -56%

Zafira LH2 FC 3,51 56,60% 44,30% 10,4 -57%

Zafira CH2 FC HEV 3,31 55,60% 48,90% 9,5 -59%

Zafira LH2 FC HEV 3,24 55,60% 48,90% 9,3 -60%
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Source: 
GM/LBST GM WTW Study 2002
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Fuel - Infrastructure

• Changeover of 33 % of petrol stations 
in NY, Massachusetts, California:

- to hydrogen ca. 1,4 Mrd  US$ 
- to methanol ca. 0,4 Mrd. US$

Quelle:  ZSW
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6. Development of costs
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PEM Development of costs 
Extrapolation

Quelle:  INTEMA, H. Wancura

PEM Fuel Cell Learning Curve

1

10

100

1.000

10.000

100.000

1.000.000

1 10 100 1.000 10.000 100.000 1.000.000 10.000.000 100.000.000

Accumulated Production Quantity in kW

C
os

t i
n 

U
S$

/k
W

Space 
Programs

R&D Programs by:
Ballard, DaimlerChrysler, 
GM, IFC, Plug Power, EP, 
Nuvera, Siemens, etc.

Home Heating And Power 
Generation

Passenger Car Powertrain

20021962

Industrial Vehicles, 
Heavy Duty APU

Car APU

Total R&D Investment US$ 3.5 Bio.
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Anodes and 
Cathodes

Fuel Processor
33%

General System 
Componenets.

12%

Fuel Cell Stack
55%

Anodes und Cathodes

Elec trolyt

Gas Diff usion Layer

Bipolar  Plates

Sealing Material

V ar. Small Components

Supply Line System

Reformer

Conditioning (CO Clean-up)

Water Supply System

Balance-of-plant

A ssembly

Costs of a Fuel Cell System
(50kW, 500.000 units per year)

Source: A. D. Little, Cambridge, MA

Total: US$257/kW
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Preview to market launch

Portables:  2005 already mass production at 
market, if fuel infrastructure problems are solved

APU:   RR , Maybach etc. already offer fc,           
2005 - 2008  Launch for heavy duty trucks.

Pkw:   2003/5 first fc‘s launched, e.g. Honda has 
insert an advertisement at LH-flightjournal: 2008 -
2010 mass production
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7. Influence on the automotive 
industry
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8.  Summary
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Executive summary

• Fuel cells will always offer highest 
efficiencies 

• Costs are steadily decreasing
• Present uncertainty belongs to low maturity 

of technology


