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What properties do we desire in a fuel?

Prefer not to carry more than one reactant on vehicle; take second
reactant from the atmosphere.

— Airis 78% N,, 21% O,, 1% Ar. N, is poor reactant (N=N bond too strong), Ar is
unreactive, leaves O,.

Fuel should have highly exothermic reaction with O,
— ... but not at ambient temperature (kinetics and thermochemistry).

Fuel should have high gravimetric and volumetric energy density.

Fuel and exhaust should be easy to handle (i.e., liquid or gas [not
solid] over “typical” temperature operation range of -20 to +40 °C).

Exhaust should be non-toxic and unreactive with air or water.

Fuel should be abundant in nature or easy to make.
— We need millions of tons every day.

Fuel itself should be environmentally benign and renewable
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On-board fuel requirements
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Need to carry about 1-2 GJ (equivalent to approx.10-20 gallons of gasoline®) to
match functionality of current vehicles. Impractical to carry > 100 kg fuel.
Hence, fuel needs to release > 10 kd/g (preferably >> 10 kJ/g)

Highly endothermic compounds tend to be unstable. Equate maximum
exothermicity of oxidation of compounds with exothermicity of oxidation of their
constituent elements



Elements with enthalpy of oxidation
greater than 10 kJ per gram
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Elements with non-solid oxides

Periodic Table
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Elements left after eliminating those with:
(i) solid oxides, (ii) low heat release on oxidation, and (iii) toxic OXIdeS
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Oxygenated fuels

Oxygen is not desirable from a gravimetric and volumetric energy
density standpoint, but its presence can be very useful in other
respects. Oxygenated fuels tend to have lower emissions of carbon
monoxide, soot, and unburned hydrocarbons. Also, the hydrogen
bonding in liquid oxygenated fuels results in enhanced evaporative
cooling when liquid fuel is sprayed into the engine which decreases the
likelihood of autoignition and hence increases fuel octane value.

Biomass feedstocks contain oxygen (glucose = C;H,,O4, cellulose =
glucose polymer = (C;H,,05),,)- Transformation processes converting
biomass into fuels generally target a reduction in oxygen content, but
perhaps it is not necessary, or desirable, to remove all the oxygen.



Include oxygen because oxygenates have combustion chemistry advantages in spark-
ignited engines and are conveniently derived from biomass.
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Energy density and specific energy
for selected fuels
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Energy density (MJ/liter) and specific energy (MJ/kg) are important

parameters for a fuel. Liquids are easy to package.
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Volumetric and gravimetric range densities
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Alternative fuels will be compounds of H, C, possibly O and preferably
liquids. With developments in battery technologies, electricity is becoming
an attractive fuel.
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Conclusions

« Chemical trends in the periodic table and simple physics
explain the current dominance of liquid hydrocarbons as
transportation fuels.

» Sustainable mobility will be powered by low-CO, hydrogen,
low-CO, hydrocarbons, low-CO, oxygenates, low-CO,
electricity, or a combination of the above.



