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Abstract — In this study, torrefaction of mixed softwood chips under anoxic condition was performed to improve
energy density and maintain consistent quality of biomass. Characteristics of torrefied biomass depending on reaction
time (30 min) and temperature (240, 260, 280 °C) were investigated. Torrefaction of mixed softwood chips significantly
improved the heating value compared to that of untreated biomass. As the torrefaction temperature was increased, the
carbon content of torrefied biomass increased from 46.55 to 55.73%, while its hydrogen and oxygen contents decreased
from 6.00 to 5.87% and from 30.55 to 27.21%, respectively. Most of hemicelluloses and volatile compounds were
removed during torrefaction. The highest heating value was 5132 kcal/kg when torrefaction was performed at 280 °C for
30 min. It implied that the heating value increased by 13% compared to that of original biomass. However, the condi-
tion of effective torrefaction was at 240 °C for 30 min when weight loss and energy yield was considered.
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Fig. 1. Design of torrefaction reactor.
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Fig. 2. Typical temperature profile during torrefaction.
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Table 1. Elemental compositions and heating value of torrefied biomass
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Table 2. Chemical composition of torrefied biomass

Condition Holocellulose (%) Lignin (%) Ash (%) Moisture content (%) Weight loss (%)
Raw material 76.16+0.24 27.57+0.52 0.45+0.01 6.65+0.12 -
240, 3-10 mm 63.63+0.45 31.37+0.80 0.67+0.02 1.02+0.00 8.82+0.16
240, 10-30 mm 63.57+0.23 31.91x0.14 0.74+0.01 1.59+0.07 8.30+0.23
260, 3-10 mm 58.16+0.32 35.91+0.24 0.63+0.01 0.90+0.05 10.24+0.15
260, 10-30 mm 59.74+0.15 34.5+0.38 0.61+0.01 1.41+0.02 10.02+0.12
280, 3-10 mm 58.56+0.13 43.59+0.61 0.72+0.01 0.85+0.03 21.17+0.34
280, 10-30 mm 57.38+0.10 43.73+0.40 0.91+0.01 0.10+0.04 20.64+0.42
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Fig. 3. Effect of torrefied temperature on mass and energy yields of
torrefied biomass.
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Table 3. Various compounds present in the non-condensable gases generated during torrefaction of biomass

240°C 260 °C 280 °C
1 dl-limonene 14.8% acetic acid 19.3% acetic acid 36.7%
2 alpha pinene 12.5% 2-Furancarboxaldehyde 6.4% 2-Furancarboxaldehyde 6.8%
3 2-beta pinene 5.8% dl-limonene 5.8% 2,3-Butanedione 5.3%
4 2,3-Butanedione 4.0% alpha pinene 43% 2-Butenal 3.2%
5 Furfural 3.8% 2,3-Butanedione 3.3% 1,2-Ethanediamine 2.4%
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