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Abstract

Fossil fuels dominate the world energy supply today and the transport sector is
no exception. Renewable alternatives must therefore be introduced to replace
fossil fuels and their emissions, without sacrificing our standard of living. There
is a good potential for biofuels but process improvements are essential, to
ensure efficient use of a limited amount of biomass and better compete with
fossil alternatives. The general aim of this research is therefore to investigate
how to improve efficiency in biofuel production by process development and
co-generation of heat and electricity. The work has been divided into three
parts; power cycles in biofuel production, methane production via pyrolysis and
biofuels from renewable electricity.

The studies of bio-based methanol plants showed that steam power
generation has a key role in the large-scale biofuel production process.
However, a large portion of the steam from the recovered reaction heat
is needed in the fuel production process. One measure to increase steam
power generation, evaluated in this thesis, is to lower the steam demand by
humidification of the gasification agent. Pinch analysis indicated synergies
from gas turbine integration and our studies concluded that the electrical
efficiency for natural gas fired gas turbines amounts to 56-58%, in the same
range as for large combined cycle plants. The use of the off-gas from the biofuel
production is also a potential integration option but difficult for modern high-
efficient gas turbines. Furthermore, gasification with oxygen and extensive
syngas cleaning might be too energy-consuming for efficient power generation.

Methane production via pyrolysis showed improved efficiency compared
with the competing route via gasification. The total biomass to methane
efficiency, including additional biomass to fulfil the power demand, was
calculated to 73-74%. The process benefits from lower thermal losses and less
reaction heat when syngas is avoided as an intermediate step and can handle
high-alkali fuels such as annual crops.

Several synergies were discovered when integrating conventional biofuel
production with addition of hydrogen. Introducing hydrogen would also greatly
increase the biofuel production potential for regions with limited biomass
resources. It was also concluded that methane produced from electrolysis of
water could be economically feasible if the product was priced in parity with
petrol.
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