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Abstract
Lignocellulose is an inexpensive and abundant renewable resource that can be used to produce
advanced biofuels, green chemicals, and other bio-based products. Pretreatment and efficient
enzymatic saccharification are essential features of bioconversion of lignocellulosic biomass. The
aims of the research were to achieve a better understanding of the recalcitrance of woody biomass to
bioconversion, to explore different pretreatment techniques that can be used to decrease the
recalcitrance of the biomass and improve the digestibility of the cellulose, and to investigate byproducts of acid pretreatment that cause enzymes and microorganisms to work less efficiently.
The recalcitrance of wood from aspen, birch, and spruce was investigated before and after acid
pretreatment. Before pretreatment, birch exhibited the highest recalcitrance, which was attributed
to structural factors. After pretreatment, spruce showed the highest recalcitrance, which was
attributed to chemical factors, such as high lignin content. Deacetylation of hybrid aspen in planta
by a CE5 acetyl xylan esterase decreased the recalcitrance, and the glucose yield of enzymatic
saccharification of non-pretreated wood increased with 27%.
Pretreatment options based on ionic liquids and steam explosion were further explored. The effects
of the anionic constituents of a series of imidazolium-based ionic liquids on pretreatment of aspen
and spruce were investigated. [HSO4]− was efficient only for aspen, which was attributed to acid
degradation of xylan. [MeCO2]− was efficient for both aspen and spruce, which was attributed to its
capability to create a disordered cell wall structure rather than to removal of lignin and
hemicellulose. A comparison was made between using sulfuric acid and sulfur dioxide for
pretreatment of spruce. Although sulfur dioxide resulted in a pretreatment liquid that was more
inhibitory to both enzymes and yeast, it was still superior to pretreatment with sulfuric acid, a
phenomenon that was attributed to the particle size of the pretreated material.
In a comparison of microbial inhibitors in pretreatment liquids from steam explosion of spruce,
formaldehyde was found to be the most important inhibitor of yeast. Enzyme inhibition by
catalytically non-productive adsorption to lignins and pseudo-lignin was investigated using
quantitative proteomics. The results indicate that protein adsorption to pseudo-lignin can be as
extensive as adsorption to real lignin.
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