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Abstract

Microalgae have become an important resource for sustainable production of
secondary generation biofuels because of high growth rate, high productivity, high lipid
content and non-food feedstock. Three main biochemical compositions of microalgal
biomass are proteins, carbohydrates, and lipids. The chemical compositions and the optimal
growth of microalgae highly depend on the cultivation conditions. Apart from
transesterification, pyrolysis has been applied to convert the microalgal biomass to high
value products including biofuels. Although there has been extensive studied on terrestrial
biomass, few studies have been conducted with microalgal biomass. Biofuel from microalgae
has high oxygen, nitrogen, and water content which lead to high acidity, low heating value,
and unstable to storage. The physical and chemical properties of pyrolysis oil are strongly
dependent on the feedstock and these properties provide important indications about the
quality of the product. In this research, green microalgae Chlorella vulgaris was selected to
be the feedstock for bio-oil production through the pyrolysis process. The effect of
cultivation conditions and pre-treatments on the chemical compositions, physical properties
and thermal properties of Chlorella vulgaris biomass and its bio-oil obtained from pyrolysis
process. Therefore, several cultivation conditions (autotrophic, heterotrophic, mixotrophic
and nitrogen-limited cultivation) and the pre-treatment (hydrothermal, acid wash and
torrefaction) were investigated by elemental analyzer, bomb calorimeter, thermogravimetric
analyzer (TGA), scanning electron microscope (SEM). In addition, the properties of bio-oil
were also determined by gas chromatography/mass spectrometry technique, the elemental
analysis, the heating value, and the acid value which are related to the quality of the fuel.
Autotrophic cultivation led to highest growth rate compared with other cultivations. For
mixotrophic cultivation, the highest algal density (266 mg/L) was obtained at glucose
concentration of 2.00 %w/v. Nitrogen-limited cultivation led to lowest nitrogen content of
microalgal biomass and low algal density. For pre-treatment study, hydrothermal or
subcritical water hydrolysis was investigated at different temperature (150-220°C) and time
(90-180 min). When the temperature and time increased, the protein and carbohydrate

fractions of biomass were reduced. The pyrolysis oil contained less amount of the N-



containing compounds, and higher amount of long-chain hydrocarbons. Torrefaction could
reduce the oxygen and hydrogen content of microalgal biomass and affected the thermal

behavior of microalgal biomass. Also, the quality of pyrolysis oil was improved.
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