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Pyrolysis and gasification of biomasses were investigated in this work to assess the
possibility of using derived products as potential clean energy sources. The scope of
research work covers thermal analysis of raw materials, studying effects of slow pyrolysis
conditions on product yields and properties, improvements of bio-oil properties and
studying effects of steam gasification conditions on syngas qualities. Five types of biomass
including cassava pulp residue (CPR), palm kernel cake (PKC), palm shell (PS), coconut
shell (CS) and longan fruit seed (LFS) were employed in the study of slow pyrolysis in a
bench-scale fixed bed pyrolyzer. Products derived from pyrolysis can be used in various
forms of energy sources or as valuable feedstocks for further product synthesis. Dewatered
PKC bio-oil was the most promising liquid product to substitute a petroleum-based fuel
because of its high heating value (40 MJ/kg) and giving boiling range distribution closest to
that of diesel fuel. Dewatered bio-oils from pyrolysis of other biomasses had lower heating
values varying in range of 14-28 MJ/kg and possessing higher acidity with pH in range of
2.1-4.1. Derived chars can be used as a solid fuel with heating value of 29-35 MJ/kg and
the chars derived from PKC and PS showed a characteristic of reasonably high porosity
material that could be used for production of good quality activated carbon. Pyrolysis
gases possessed certain heating values from 1.14-4.42 MJ/kg-biomass and CPR and LFS

gave higher gas yields and heating values of gas product compared with other biomasses.
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For bio-oil upgrading, three different methods were successfully tested to improve different
undesirable characteristics of the raw bio-oils. The first method involved preparation of
slurry from a mixture of CPR oil and its co-product char to improve heat content and
acidity of the raw bio-oil and yet maintaining flow properties similar to conventional liquid
fuels. The second upgrading method was studied by blending dewatered PKC bio-oil with
diesel and alcohol, giving lower values of viscosity and carbon residue content. Finally, the
dewatered PS oil possessing high acidity was upgraded by converting its carboxylic acid
contents to esters via esterification reaction. Finally, steam gasification of larch wood was
performed in a shallow fluidized bed gasifier to study the influence of gasification
conditions on properties of derived gas products. Type of bed material, gasification
temperature and gasifying agent all played an important role in the steam gasification
process. Calcined limestone and calcined waste concrete were capable of acting as both
catalyst and adsorbent leading to increased gas yield and cold gas efficiency and lower tar
production compared with those derived from using silica sand as bed material. The
application of high gasification temperature and use of steam as gasifying agent gave much
better gas qualities. However, the use of calcined limestone as a bed material in steam
gasification process at a high temperature could enhance attrition, sintering, and
agglomeration propensities of the bed material, resulting in blocking of gas flow.
Combined use of calcined limestone and calcined waste concrete with equal proportion can

mitigate this shortcoming and yet contributed relatively high cold gas efficiency of

75.88%LHV.
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