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PROBLEM WITH TRANSPORT?
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CO2
+ NOx, HC,
CO, PM 

= fossil fuels

oil consumption

oil discovery

Gb

Year

• Finite resource 
• Growing energy demand

• Climate change
• Bad air quality



CRITERIA FOR ALTERNATIVES

5

• Sustainability, of energy source, harvesting
technology, energy carrier and powertrain
materials (e.g. recyclability)

• Storability (Compact): need sufficient power & 
energy density

• Scalability, i.e. abundance of energy source, and 
of resources needed for building the harvesting
technology and resources for the powertrain



SCALABILITY
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IS THERE A FUTURE FOR THE INTERNAL
COMBUSTION ENGINE?
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??

̶ Cheap and sustainable

• Abundant materials

• Recyclable

• Low energy demand

̶ Flex-fuel

̶ Efficiency still improving

Keep the engine,

change the fuel!

Alcohol!



WHY ALCOHOL (METHANOL OR ETHANOL)?

8

Liquid at atmospheric pressure

High energy density

+

Existing fuel infrastructure

can be used

(distribution and storage)

http://www.google.be/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://www.houzz.com/photos/3167391/Erlenmeyer-Flask-Lab-Wine-Decanter-with-Rubber-Stop-68-Ounce-contemporary-decanters-other-metro&ei=nuaDVbDzC-ep7Aamu56gAQ&bvm=bv.96042044,d.ZGU&psig=AFQjCNHZ4Py4fbTnIfUppI_PN_SPSnL_4Q&ust=1434794009938184


WHY ALCOHOL (METHANOL OR ETHANOL)?
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liquid

gas



SUSTAINABLE PRODUCTION OF ALCOHOLS:
SYNTHETIC FUELS (‘ARTIFICIAL PHOTOSYNTHESE’)
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Methanol synthesis
CO2 + 3 H2 

CH3OH + H2O

Atmospheric CO2

CO2
capture

Energy H2 by electrolysis
2 H20  2 H2 + O2

Energy

derivatives
plastics, 

etc.

Methanol
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CO2

Renewable alcohol fuels

no fossil fuels closed CO2 cycle

cheap, sustainable
and scalable
powertrain



PROPERTIES OF METHANOL AS A FUEL

̶ Molecular weight CH3OH: 32 g/mol-> liquid?

12



PSEUDO SUPER-MOLECULES…
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Thus methanol has an
‘effective’ molecular

weight of 128 and
ethanol has 184 –

both ‘liquid’

This effect also gives rise to
other characteristics –
high latent heat, low
vapour pressure and
the azeotropic effect
in gasoline blends
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ENGINE RESEARCH @ UGENT
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•High compression ratio

•Optimal ignition timing

•Downsizing

•High EGR ratios



ENGINE RESEARCH @ UGENT
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NOx
(ppm)

BTE 
(%)42

%

Diesel-like peak efficiency

Part load efficiency gains 

up to 20% (compared to 

throttled operation)
Vast engine-out NOx reductions (ppm)

Diesel-like efficiencies while using

cheap aftertreatment systems 



LEANSHIPS
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DEMONSTRATOR PROJECT METHANOL SHIP

Stena Germanica

-> Reported emissions: 90% reduction in SOx and PM, 
60% reduction in NOx
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