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Abstract

During the past ten years, northern part of Thailand has been suffering from air pollution
problem resulting from open burning of vast amount of corn and other agricultural residues. This
research aims to design and build a pilot scale semi-continuous pyrolysis reactor aiming to
convert corn residues into more valuable products such as biochar, bio-oil and sync gas. The
works also focuses on utilization of excess energy as an alternative to negligent open burning.
Initial works includes heat and mass balance analysis of the reactor, various situations are
thoroughly analyzed for system efficiency optimization and scalability. The reactor is then
constructed based on optimized analysis result consisting of two separated consecutive stages;
torrefaction reactor with a working temperature range of 200-300 °C and pyrolysis reactor with a
temperature range of 450-550 °C. Corn cobs are used as biomass input for system testing and
model verification. Data collection includes temperature at different stages in the reactors as well
as product output and energy consumption. Heat transfer rate within the reactor and the energy
balance of the system are determined based on different product requirement scenarios.
The results show that for maximum biochar production, the necessary heat transfer rate of the
torrefaction reactor is 1.304 = 1.42% kW/kg,; ... and 1.085 = 0.95% kW/kg, ... for pyrolysis
stage resulting in product composition of 43% of Biochar and 32 % of bio-oil by mass. At such
condition, the product gas from pyrolysis process contains heating value of 9.079 MJ / kg and

shall be utilized as renewable thermal energy to substitute 28.7% energy input for the process.



