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Overview

• Green Car Technologies @ RMIT

• Formula Hydrogen Project
– Objectives
– International Partnership

• Hydrogen Powered Racing Car
– Design
– Development

• Community Engagement
– National
– International

• Outlook and Research Directions
– Global Green Car Learning Cluster
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Green Car Technologies @ RMIT

• Global Green Car Learning Cluster (involving RMIT University, University of 
Applied Sciences Ingolstadt (Germany), Chalmers University (Sweden), 
Australian National University (ANU), Ford Europe, Volvo, AutoCRC and 
others);

• Master of International Automotive Engineering (doubling up with 
University of Applied Sciences Ingolstadt with work and research placement 
in German automotive industry focusing on sustainable automotive
technologies)

• Green Engines Laboratory focusing on engines powered by alternative 
fuels (gaseous fuels and biofuels) and direct injection technologies.

• Green Racing involving Formula Hydrogen and alternative Formula SAE 
vehicles (bio-ethanol, electric)
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Formula Hydrogen Project
Objectives

• Establish strategic collaboration in green 
car technologies between RMIT 
University (Australia) and University of 
Applied Sciences Ingolstadt (Germany)

• Form a community of learners in 
hydrogen propulsion involving students 
and staff across the two institutions with 
a common focus and goal 

• Create the first Australian hydrogen 
powered racing car capable of achieving 
the GB World Speed Record for this 
class of car
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Formula Hydrogen Project
International Partnership

• Project commenced beginning of 2007 
with the two teams working 24 hrs at 
different sides of the world (e.g. when 
Australian team went to bed, German 
team started work)

• Significant industry interest and support 
both in Europe and Australia (e.g. BMW 
Germany donated the initial engine, 
MoTeC in Australia helped with the 
engine management system)

• Drawing on our complimentary research 
on hydrogen storage within the 
European Framework research program 
(UoAS Ingolstadt) and CSIRO National 
Cluster on Hydrogen Materials (RMIT)
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Hydrogen Powered Racing Car - Design
• For us, the choice of hydrogen as the principal energy carrier was strategic. 

Hydrogen is the most common element in our universe that can be produced from 
water, natural gas and biomass using renewable energy sources; in relation to 
weight the energy density of hydrogen is nearly three times that of petrol; and it is 
virtually emission-free, whereby the exhaust emits only water vapour. 
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Hydrogen Powered Racing Car - Design

Engine:
Manufacturer: Rotax
2-cylinder in-line, capacity 798 cm³
Weight: 63 kg
Power output:
petrol: 62 kW/ 85 HP @ 8.000 min-1
H2: estimated around 40 kW*;
2 Transmission setups (accelerat. and max. speed)
*increased power with implementation of supercharging 
and intercooling

Seamless, 
thin-walled
aluminium tank

High-strength carbon-
fibre/epoxy-resin 
wrapping

Hydrogen Fuel System:
Tank manufacturer: Dynetek Europe GmbH
High Tech Carbon Fibre / Aluminium Tank
Nominal weight of H2 tank: 28 kg
Pressure: 200 bar (gaseous H2)
Hydrogen capacity: 1 kg (72 liters) of H2
H2 safety system incl. Hydrogen sensor, pressure 
regulation and control devices
Hydrogen fuel injectors: ported fuel injection, H2-
certification
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Hydrogen Powered Racing Car - Development

• Like a standard fuel-injected engine, fuel is fed into the system via a set of twin 
injectors. Unlike a standard combustion engine, the fuel sitting in the tank is 
highly compressed hydrogen gas, stored at 200 times atmospheric pressure.

• When released from the tank, the hydrogen runs through a series of pressure-
reducers and check valves so by the time it reaches the engine, the gas has 
been brought down to about five times atmospheric pressure. 

• Complex connection technology was developed to ensure safety of drivers and 
the crew, including specially-designed elements such as hydrogen detectors, 
sequential fuel injectors, connectors and adaptors. These systems measure 
pressure and temperature in the exhaust pipe, at the cylinder head and in the 
tank – before and after fuel injection. 

• Hydrogen storage also required a complex solution because hydrogen is highly 
permeable at atomic level. The seamless, thin-walled aluminium tank was 
wound with carbon fibre to increase density and stability, while keeping down 
the weight. The tank needed to be strong enough to resist the extreme 
pressures involved when re-fuelling the car. It can hold up to 1,075 kg of 
compressed hydrogen, or 72 litres, giving the racer a range of about 100km.
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Community Engagement

• Essential part of the project is broad 
community engagement both in 
Australia and in Europe to showcase 
the car and to promote green car 
technologies and future projects.

• The car was launched at the 
Federation Square in Melbourne end 
of 2008, and was recently showcased 
at the Audi Innovative Industry Expo in 
Germany, in Frankfurt and Stuttgart.

• Formula H is planned to feature at the 
Melbourne Grand Prix in March 2010.
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Community Engagement
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Outlook and Research Directions
• Is the Internal Combustion (IC) Engine dead?

Fuel energy conversion split  
EU combined test cycle, Gasoline engine, EU C/D vehicle

Aerodynamic drag
 15%

Transm. losses
 15%

 Rolling resistance
25%

Accessories
 15%

Inertia
 30%

Exhaust heat losses to gas
 28%

Exhaust heat losses to wall
 13%

Wall heat losses
 18%

Pump losses
 8%

Friction losses
 9%Unburnt losses

 4%

Engine
output; 
20%

Idle
 10%

Warm up losses
 10%

Many opportunities for green car technologies lie in the improvement of 
efficiency of the spark-ignited IC engine. 
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Outlook and Research Directions

Lower heating values and Carbon content of different fuels 
 95 RON 98 RON Diesel Natural gas 
QLHV [MJ/kg] 42.7 41.7 43 45 
%C 87 86 86 75 
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• Gaseous (hydrogen, natural gas, CNG, LNG, biogas) engines research and 
development makes sense in Australia.
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Questions?


