
Environmental concerns and the depletion of traditional fossil fuels have produced a need for environmentally friendly, renewable, and sustainable energy sources. Industrial waste, particularly biomass waste, receives special attention since it can be converted into biofuels and energy to meet humanity's growing demands. Using biomass for energy is ecologically

beneficial, cost-effective, widely available, and creates jobs in both urban and rural areas around the globe. The National Energy Transition Roadmap (NETR) aims to achieve 70% renewable energy in Malaysia's installed capacity by 2050. Gigantochloa levis bamboo, which is abundant in Sabah and has a rapid growth rate and high biomass production, is an ideal

feedstock for solid biofuels. However, its direct use is limited due to its high moisture content and poor energy density. This study investigates torrefaction at 300 °C to enhance the physicochemical and fuel properties of G . levis and produce high-energy bio-coal pellets.
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RESULTS & DISCUSSION
C% increases with torrefaction (48 → 62% at

300 °C), raising HHV.

H% slightly decreases, N% and S% vary; coal has

higher C (85%) and N (30.58%).

Higher carbon content explains the enhanced energy

density, of torrefied biomass.

Lower Volatiles: Cleaner, more stable 

combustion
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Mass yield decreases with increasing

torrefaction temperature (200–300 °C).

Energy yield decreases more slowly

than mass yield because HHV

increases, resulting in a higher

enhancement factor.

Enhancement factor peaks at 1.18

for 300 °C, showing densification of

energy.

Higher enhancement factor means

more energy retained per unit mass,

making torrefied biomass a sustainable

alternative to fossil fuels.
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Mass Loss Analysis (TGA)

30–120 °C: Moisture loss (~5%),

200–380 °C: Major devolatilization

(~45%) from

hemicellulose/cellulose. 400–800 °C:

Lignin decomposition and char

formation (~15–20%), >800 °C:

Residual ash (~33–35%) may reduce

fuel quality.

Decomposition Kinetics (DTG)

Main Decomposition Peak: 320–350°C

Represents maximum degradation rate.

Primarily from cellulose

hemicellulose breakdown.

High-Temperature Shoulder: >400°C

Broader peak indicatingslower

decomposition.

Associated with lignin and char-forming

components.
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step towards a more secure and sustainable economic future for Malaysia.
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