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ABSTRACT

Washing and torrefaction pretreatment of biomass is effective in addressing limitations
such as low energy density, high moisture content, and high ash content for energy
applications. Combining both methods for the combustion or cofiring feedstock such as
rice straw is beneficial for the energy industry. The present study was conducted in lab-
scale by varying the process parameters to analyze and optimize the combined
pretreatment process to improve the fuel properties of rice straw. Thermogravimetric
analysis results of rice straw showed a significant thermal stabilization for water- and acid-
washed samples compared to raw rice straw. After analyzing the lab scale washing
experiments, an optimum temperature of 47 °C, 30 mins washing time, and, 23:1 liquid-
to-solid ratio were obtained giving 25.24 % of ash removal for water-washing. For the
acid-washing, optimized results were a washing time of 30 mins and a liquid-to-solid ratio
of 40:1 giving an ash removal of 30.53 %. Calculated slagging, fouling, and bed
agglomeration indices suggested that washed rice straw had a lower tendency for slagging,
fouling, and agglomeration compared to the untreated sample while acid washing gave
the most promising results. The torrefaction experiment results indicated that the mass
loss was increased with the temperature giving the highest mass loss (47.57 %) at 300 °C.
Carbon content and higher heating values were increased with the torrefaction temperature
while oxygen content and energy yield were decreased. Optimum conditions obtained
from the combined washing and torrefaction are 30 minutes residence time, 246 °C, and
256 °C torrefaction temperature for acid-washed and water-washed rice straw samples
respectively. FTIR analysis showed the structural changes and reduction in intensity in
chemical bonds after the pretreatment implied good fuel properties of rice straw. The
combustion study indicated that an optimized acid-washed torrefied rice straw sample had
the highest combustion performance compared to both raw rice straw and coal. Hence, the
combined washing and torrefaction process improved the fuel quality of rice straw by
reducing ash-related problems and improving combustion properties.

Keywords: Biomass, Rice Straw, Water Washing, Acid Washing, Torrefaction,
Optimization, Combustion
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