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Future primary energy supply



•Peak of fossil and nuclear fuels by 2015 

• In the long term, the future primary energy system will be 
electricity dominated

•Transition from a fuel based energy system to an electricity-
based one

•Transport sector will use “electricity as major primary energy 
source”

• Future infrastructure has to change: electricity will need to 
substitute fossil fuels

•Storage of electricity will become essential – hydrogen will 
function as an important electricity storage media and 
become a strong partner for renewable energies and the 
transport sector

Future primary energy supply
- Consequences -
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Renewable electricity potentials - global
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Technical potential of renewable electricity – worldwide
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Renewable electricity potentials
- Europe and Germany -
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~2.200

Electricity from solar

SOT = Solar thermal power 

Technical potential of electricity production from wind and solar energy 

in Europe (EU) and Germany (D)



Fluctuating renewable electricity



Fluctuating renewable electricity



Hydrogen as storage option



Competitive renewable electricity

Average electricity cost 

scenario for renewable and 

fossil plants (with CCS)

The graph shows rising costs for fossil 

energy sources (including costs for 

emission trading, respectively CCS 

implementation) and decreasing costs for 

renewable energies depending on the 

assumption that the break-even point 

between fossil and renewable electricity 

production will occur sometime between 

around 2020. 

Up to this date, the introduction of 

renewable energies will lead to higher 

average energy cost whereas after 

passing the break-even point, the growing 

contribution of renewable energy sources 

will reduce electricity costs compared to a 

purely fossil scenario. 

[Source: Nitsch et. al 2008]  



System-Combinations for Propulsion and Storage

Storage Systems Propulsion Systems

Compressed H2
(10 bar<p<700 bar; -40C<T<85C)

Liquid Hydrogen
3 bar < p < ca.8 bar; T~ 22K)

Metal-Hydrides (spec. Appl.)
(3 bar< p<50 bar; -15C <T< 60 C)

Internal Combustion

Engine („ICE“)

Fuel Cell

Hybrid-Drive
(Fuel Cell + Battery)

H2

H2-Vehicles



Fuel cells system efficiency



Comparison: 
Fuel Cell System↔ Internal Combustion Engine

• Fuel Cells in 

Propulsion Systems

• Advantage of 

efficiency in low load

• High Potential by

Optimising of 

ancillary units

PEM-fuel cell, theoretical

Diesel-engine

Spark-ignition-engine
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Electric 

Drive

System 

Module

Fuel Cell Stack

Power Distribution Unit 

(PDU)

Hydrogen Storage

Cooling

System

Daimler, FCell Packaging

Battery



System-concept of 
Low Temperature-PEM (V W)

Source: Schmitz, f-cell, Sept.2008

H2-Recovery

Air supply

Cooling



Ballard Fuel

Cell Supply Unit

Webasto Air

Condition Unit

Dynetek Composite Hydrogen Tanks 

(350 Bar, 40 kg H2,

Al-Liner, Carbon Fibre)

Auxiliary Components
Saminco Power Inverter, etc.

Rouland

Electric Motor
ZF Automatic Transmission

Ballard Fuel Cell Modules

(> 125 kW fc gross power each)

Modine Convection Cooler Unit

Daimler PTU

distribution gearcase

Daimler: Citaro-Bus, Packaging



Concept of Honda



Concept of Honda



The principle of Wankel-engine



Fuel leak simulation
Hydrogen car ↔ Gasoline car



Costs of transport fuel 

Major assumptions

The fuel consumption of the 

hydrogen fuelled fuel cell hybrid 

vehicle is assumed to be 0.84 

MJ/km (~ 2.6 l gaso-line equivalent 

per 100 km). 

The fuel consumption of the 

gasoline fuelled hybrid vehicle 

amounts to about 1.62 MJ/km (~ 

5.0 l gasoline equivalent per 100 

km) 

The fuel consumption of the diesel 

fuelled hybrid vehicle amounts to 

about 1.46 MJ/km (~4.5 l gasoline 

equivalent per  100 km or ~4.0 l 

diesel per 100 km). 

The fuel consumption for the 

vehicles is derived from [CEJ 

2007].
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Cost H2 supply and dispensing

Cumulative Investment 
Costs for a Hydrogen 
Road Transport System 
in 6 European Countries

For a fully functioning hydrogen 

road transport system for a 

2035, the HyWays project 

[www.hyways.de] assumed a 

scenario covering 6 European 

countries for which could be 

shown that more than 60% of 

the total investment costs have 

to be brought up for the 

conventional part of the 

vehicle. 

About 20% are for the H2-

specific onboard part of the 

vehicle (e.g. FC and storage). 

About 20% are for the H2

production, transport, 

distribution and dispensing.

[Source: HyWays, 2007]
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H2 infrastructure versus 
H2 vehicle investments



Yield of per ha and year for 
different transportation fuels
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Bandwidth

Assumptions H2:

• Area occupied with PV: 33%

• Solar irradiation: 900 kWh/(m2 yr)

• Efficiency PV panels: 15%

• Performance Ratio (PR): 75%

• Efficiency CGH2 supply: 60%

• Efficiency LH2 supply: 54%

• 4.6 wind turbines/km2

• 2000 kW/wind turbine

• Equivalent full load period WT: 1800 h/yr

*)
*)

*) more than 99% of the land area can still be used for other purposes e.g. agriculture

*)



Driving distance with the fuel yield 
from one hectare of land



Vehicle per hectare yield
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Solar (PV), battery EV *

Wind, battery EV **

SRF, steam turbine, battery 
EV

Solar (PV), H2

FCEV *

Wind, H2 FCEV **

SRF, gasif., H2 FCEV

*) One third of the area is occupied with PV panels

**) more than 99% of the land area can still be used for other purposes e.g. agriculture

***) region with high solar irradiation

Ethanol, 

ICE
RME, ICE

Biogas, ICE

BTL, SRF, ICE

Hydrogen

Battery

Liquid Biofuels
and Methane

Algae FAME, 

ICE ***

German climate
(except for algae)

Mapping of key performance criteria: 
“mileage” versus “yield”



Efficiency chains of different 
fuel/ vehicle technologies

Well-to-Tank Tank-to-Wheel
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Efficiency:

• Gasoline ICE: 24%

• Diesel ICE: 27%

• CNG ICE: 28%
• FC hybrid: 46%

• Battery electric vehicle: 70%



Weight of FC and battery
vehicles vs.range

Source:S.Thomas 2009



Thank you very much for your attention!

And see us occasionally at

www.H2DE.org

and

www.LBST.de

And at And at thethe WHEC 2010 in Essen, GermanyWHEC 2010 in Essen, Germany


