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Study on Torrefaction Characteristics of Solid Biomass Fuel and Its
Combustion Behavior
Weon Joon Lee™

Department of Environmental System Engineering, Chonnam National University

ABSTRACT

Torrefaction is a thermochemical process proceeded at the temperature around 250°C in an inert
gas condition. By torrefaction, the hemicellulose portions contained in biomass are broken down to
change into the volatile gas which is removed from biomass eventually. The main purpose of
biomass torrefaction is to improve the energy density of the biomass to minimize the transport
energy consumption, though the flammability can be elevated for transportation.

In this study two types of solid biomass fuel, waste wood and rice straw, were torrefied at
various temperature range from 200C to 300C to evaluate the torrefied biomass characteristics.
In addition torrefied biomass were tested to evaluate the combustion characteristics using TGA
(Thermogravimetric Analysis). After the torrefaction of biomass, the C/H (carbon to hydrogen
ratio) and C/O (carbon to oxygen ratio) were measured for aquisition of bio—stability as well as
combustion pattern. Generally C/H ratio implies the soot formation during combustion, and the C/O
ratio for bio—stability. By torrefaction temperature at 300°C, C/H ratio and C/O ratio were
increased by two times for C/H and three times for C/O.

The torrefied biomass showed similar TGA pattern to coal compared to pure biomass; that is,

less mass decrease at lower temperature range for torrefied biomass than the pure biomass.

Keywords : Solid Biomass Fuel, Torrefaction, C/H and C/O Ratio, TGA(Thermogravimetric
Analysis)
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Constituents Soft wood (scots Pine) | Hard wood (Eucalyptus) | Straw (Switch Grass)
Cellulose (wt %) 40—44 40—44 31-45
Hemicellulose (wt %) 20—-32 15-35 31-38
Lignin (wt %) 25-35 18-25 18—-22
Total Extractive (wt %) 3.5 2.8 5.3
[Table 2] Approximate and Ultimate analysis of Biomass
Characteristics Rice Straw Waste Wood
Moisture Contents (%) 8.01 11.56
Volatile (%) 70.92 80.39
Fixed carbon (%) 9.51 7.45
Ash (%) 11.56 0.60

Sample Size (mm)

Approx. @10X20 (& X L)

Approx. 15X30 (W,L X D)

Ultimate Analysis

Carbon 44.66 53.87
Hydrogen 5.91 6.58
Nitrogen 0.53 0.42
Oxygen 37.35 38.54
Higher Heating Value (MJ/kg) 20.3 241

*The analysis in above table was followed by Fuel Analysis
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[Table 3] Experimental Conditions of Torrefaction

Temperature (C) Residence Time(min)
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[Fig. 21 TGA experimental apparatus for Torrefied Biomass
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[Table 4] Ultimate Analysis of Torrefied Biomass

Mg{aevrvial ??;f(mﬁ? Tem;()%r)ature Carbon (%) | Hydrogen(%) | Oxygen(%) | Nitrogen(%)
200 45.82 5.86 35.72 0.50
20 250 46.04 5.68 35.39 0.52
300 49.91 5.57 31.27 0.58
. 200 45.98 5.67 35.53 0.48
SFi'r‘;‘jv 40 250 47.87 5.50 32.40 0.58
300 54.41 4.68 20.62 0.64
200 4615 5.73 35.02 0.53
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300 59.34 457 19.98 0.73
200 52.99 6.28 38.14 0.45
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300 61.00 5.85 30.21 1.08
200 53.37 6.02 37.45 1.47
\\’,Vvifj 40 250 54.79 5.97 36.58 1.93
300 70.02 5.15 21.90 2.34
200 53.90 6.50 37.08 1.83
60 250 59.01 5.80 32.25 2.33
300 72.30 515 19.64 2.36
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