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A Study on the Characteristics of Waste Biomass Fuel by the Conditions
of Torrefaction and Biomass Mixing Ratio
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ABSTRACT: In this study, the analysis of torrefaction products was carried out for fueling of sewage sludge. The
mixed samples were composed as follows : 50% of sewage sludge and 50% of rice husk and CR(Coffee Residue).
In this experiment, the reaction time(30min, 60min) and temperature(200°C, 250C, 300C) were expressed as a
single variable using SF(Severity Factor).

As a result, it was confirmed that as the SF increased, the heating value and fuel ratio increased, but the CI(Combustibility
Index) decreased. The heating value was similarly increased as CR(Coffee Residue) and SF increased. The fuel
ratio range of mixed samples was equal to that of lignite(0.5~1.0) in case of SF lower than 6.19 and that of bituminous
coal(1.0~1.8) in case of SF higher than 7.36 or above. The CI showed a stable range(3,000~5,500kcal/kg) in low

SF as the content of mixed samples contained more rice husk than CR.

Keywords: Torrefaction, Sewage sludge, CR(Coffee Residue), SF(Severity Factor)
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Table 1. Raw material content
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(unit : %)
Sample Sewage Sludge Rice Husk Coffee Residue Sample name
) 1 100 - - -
Single ) i 100 - -
sample
3 - - 100 -
1 50.00 50.00 0 Mixture 1
) 2 50.00 37.50 12.50 Mixture 2
Mixed 3 50.00 25.00 25.00 Mixture 3
sample
4 50.00 12.50 37.50 Mixture 4
5 50.00 0 50.00 Mixture 5
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Fig. 1. Torrefaction device and schematic diagram.
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Table 2. Heating value of Torrefaction product (Single sample)
(unit : kcal/kg)
Experimental condition SF Sewage Sludge Rice Husk Coffee Residue
(°C -min) HHV(LHV) HHV(LHV) HHV(LHV)
raw - 3,586.27(3,057.80) 3,981.33(3,653.48) 5,379.76(4,898.64)
200-30 442 3,660.47(3,403.71) 4,051.52(3,775.39) 5,395.74(5,031.32)
200-60 4.72 3,713.92(3,473.72) 4,078.32(3,788.23) 5,464.80(5,100.25)
250-30 5.89 3,711.36(3,470.72) 4,292.83(4,020.95) 5,735.97(5,372.16)
250-60 6.19 3,802.42(3,576.54) 4,383.62(4,122.64) 6,323.13(5,959.68)
300-30 7.36 3,688.13(3,482.61) 4,894.77(4,675.26) 6,742.38(6,388.37)
300-60 7.66 3,532.57(3,347.66) 4,913.01(4,704.88) 7,274.75(6,932.83)

*HHV : High Heating Value, LHV : Low Heating Value
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Table 3. Fuel ratio of Torrefaction product (Single sample)

Experimental condition (°C-min) SF Sewage Sludge Rice Husk Coffee Residue

raw - 0.2748 0.6460 0.4981
200-30 442 0.3109 0.6826 0.5162
200-60 4.72 0.3555 0.8649 0.5430
250-30 5.89 0.6426 0.9478 0.7574
250-60 6.19 0.6861 0.9972 1.0189
300-30 7.36 0.7282 1.1480 1.3386
300-60 7.66 0.8686 1.5073 1.7321
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Table 4. CI of Torrefaction product (Single sample)

(unit : kcal/kg)
Experimental condition (°C-min) SF Sewage Sludge Rice Husk Coffee Residue

raw - 14,246.21 6,743.09 11,825.11

200-30 4.42 12,852.05 6,493.58 11,443.88

200-60 4.72 11,401.12 5,157.47 11,018.11

250-30 5.89 6,303.60 4,954.11 8,290.28

250-60 6.19 6,047.71 4,807.45 6,793.26

300-30 7.36 5,526.19 4,662.74 5,513.13

300-60 7.66 4,435.71 3,564.31 4,596.63
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Table 5. Heating value of Torrefaction product (Mixed sample)
(unit : kcal/kg)
Experimental condition SF Mixture1 HHV ~ Mixture2 HHV ~ Mixture3 HHV ~ Mixture4 HHV  Mixture5 HHV
(°C -min) (LHV) (LHV) (LHV) (LHV) (LHV)
) ] 3,843.28 3,997.00 4,112.91 4,286.58 4,646.97
aw (3,431.36) (3,552.80) (3,662.18) (3,805.75) (4,144.55)
50030 " 3,904.45 4,075.20 4,192.44 432426 4,700.15
(3,618.08) (3,779.81) (3,901.30) (4,008.14) (4,372.62)
200-60 i 3,968.36 4,093.17 421836 4,400.16 4,746.43
(3,693.15) (3,801.99) (3,927.46) (4,091.38) (4,420.72)
250-30 5.89 3,975.27 4,240.59 4,381.06 4,531.55 4,817.73
' (3,707.38) (3,960.62) (4,090.37) (4,223.01) (4,495.05)
250-60 6.19 4,124.26 4,341.91 4,553.39 4,808.54 5,165.56
' (3,874.49) (4,079.88) (4,290.37) (4,513.88) (4,856.56)
300-30 736 4,368.70 4,594.39 4,709.24 4,833.69 5,232.12
’ (4,153.88) (4,371.18) (4,446.17) (4,539.95) (4,923.77)
4,355.28 4,716.64 4,875.38 5,189.19 5,661.41
300-60 766 (4,159.83) (4,510.28) (4,664.11) (4,948.17) (5,385.60)
71 €248 262, 2018
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Table 6. Fuel ratio of Torrefaction product (Mixed sample)
Experimental condition (°C-min) SF Mixture1 Mixture2 Mixture3 Mixture4 Mixture5
raw - 0.4830 0.4518 0.4428 0.4248 0.4023
200-30 442 0.5821 0.5048 0.4737 0.4480 0.4426
200-60 4.72 0.6623 0.6352 0.6222 0.5550 0.4361
250-30 5.89 0.7947 0.7881 0.6272 0.6193 0.5824
250-60 6.19 0.8756 0.8724 0.8674 0.8555 0.8893
300-30 7.36 1.0498 1.0383 1.0305 1.0299 1.0628
300-60 7.66 1.3765 1.3719 1.3017 1.2629 1.2383
Table 7. CI of Torrefaction product (Mixed sample)
(unit : kcal/kg)
Experimental condition (°C -min) SF Mixture1 Mixture2 Mixture3 Mixture4 Mixture5
raw - 8,697.18 9,671.37 10,155.02 11,031.89 12,630.87
200-30 442 7,331.83 8,824.54 9,675.42 10,554.15 11,611.23
200-60 4.72 6,548.62 7,043.56 7,410.56 8,666.89 11,900.20
250-30 5.89 5,467.15 5,880.46 7,635.11 7,998.74 9,044.35
250-60 6.19 5,146.37 5,438.00 5,737.21 6,143.36 6,348.79
300-30 7.36 4,545.93 4,833.69 4,992.36 5,129.12 5,380.65
300-60 7.66 3,455.43 3,754.81 4,090.99 4,488.86 4,997.22
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Fig. 3. Three dimensional surface graph and contour diagram about Fuel ratio and CI versus SF, CR(%).
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Table 8. Multiple regression analysis of fuel characteristics
Model B B t-value p-value
constant 2,483.095 21.021 <0.001
SF 226.272 0.659 12.246 <0.001
Heating Value CR(%) 16.421 0.699 12.988 <0.001
R=0.960, R*=0.922, Adjusted R*=0.916,
F=159.331, P<0.001, Durbin-watson=1.896
constant -0.461 -5.155 <0.001
SF 0.224 0.941 15.998 <0.001
Fuel ratio CR(%) -0.002 -0.149 -2.534 0.017
R=0.952, R*=0.907, Adjusted R*=0.900,
F=131.180, P<0.001, Durbin-watson=2.547
constant 14,555.690 18.293 <0.001
SF -1530.769 -0.831 -12.299 <0.001
Cl CR(%) 54.374 0.431 6.385 <0.001
R=0.936, R*=0.877, Adjusted R*=0.868,
F=96.013, P<0.001, Durbin-watson=1.817
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