


Base case layout for 
synthetic biofuels 
production allows:
• 50 – 60 % fuel 

efficiency and 
• up to 80 % overall 

efficiency.

These numbers are
among the best in the 
industry.
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Despite the high energy efficiency, more than half of feedstock carbon is 
rejected from the process, as there is not enough hydrogen to convert it 
into fuels.

The traditional conversion route is therefore hydrogen constrained.
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However, by adding hydrogen from external source, the surplus 
carbon could be hydrogenated to fuel as well.
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But the surplus carbon is in the form of CO2 instead of CO!



Implications: 
- Only methane and methanol have reaction route via CO2
- More H2 is required to produce one mole of fuel from CO2 than from CO. 
- CO2 has higher activation energy than CO => more catalyst needed
- Byproduct water from CO2 hydrogenation inhibits methanol catalysts
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Despite challenges related to CO2 hydrogenation, the potential 
increase in fuel output is significant.
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Price of 
gasoline
before taxes
when crude
oil:

$100/bbl

$50/bbl

*Assuming: 6 GJ/bbl, 14 $/bbl refining margin and 1.0 €/$ exchange rate
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Gasoline via oxygen gasification



Gasoline via steam gasification



Gasoline via enhanced steam gasification



Gasoline via enhanced oxygen gasification



Gasoline via oxygen gasification (energy)



Gasoline via enhanced oxygen gasification (energy)



SUMMARY: Hydrocarbon output from 
100 MW biomass input

”Biomass only” pathway:

• 52 MW of gasoline

• 31 % carbon utilisation

Bioenergy with hydrogen supplement:

• 134 MW of gasoline

• 79 % carbon utilisation

-------> 134 / 52 = 2.6 fold increase in output!



1910.2.2016 19*Lähde: Wasted  - Europe’s untapped resource , 
http://europeanclimate.org/wp-content/uploads/2014/02/WASTED-
final.pdf

Sustainably available residues and waste
in the EU in 2030*

“If all the sustainably available
residues and wastes would be 
converted only to biofuels, it 
could supply 16 % of the 
transportation fuel need in 
the EU in 2030
(technical potential).”
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Take-home messages
• With proper integration, biomass residues can be converted to 

biofuels and heat at ~80 % overall thermal efficiency
• Still, more than half of biomass carbon not utilised at all in fuel

production
• Renewable and sustainable carbon a scarce resource globally
• Combining the vast resources of wind and solar with bioenergy

can effectively more than double biomass ”availability”
• Significant impact to sustainability issues as well?
• Cost will remain as an issue. However, enhanced biofuels

likely to be the least cost method for large scale
decarbonisation of the hydrocarbon supply system?


