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Abstract : In the study, used torrefaction method to make sample from organic waste of livestock
manure for Biomass—solid refuse fuel feasibility study of torrefied materials. Fallen leaves and sawdust
added in torrefaction methods with livestock manure, that additives were used to improve the lower
calorific value of livestock manure. During the torrefaction experiment, the reaction temperature was
varied from 200 C to 260 C and 20 C to prepare a sample. The reaction time was divided into 15,
30 and 45min to determine the effect of the experimental conditions on the torrified products. The
additives were mixed at a ratio of 9:1 and 8:2 (Cow manure: additive) relative to the livestock
manure. Through this experiment, it was obtained 3,500 kcal/kg standard product of solid fuel
produced in Korea and improved product was obtained by adding additives.
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Fig 1. Schematic diagram of torrefaction reactor.
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Table 1. Physical and chemical composition of livestock manure

MCA Analysis(%)

Ultimate Analysis(wt%)

Moisture 68.94 C 3.25
H 8.01

Combustion 15.27 0 339
S 0.18

Ash 15.79 N 7044

Table 2. Physical and chemical composition of sawdust

MCA Analysis(%)

Ultimate Analysis(wt%)

Moisture 5.28 C 44.80
H 5.64

Combustion 15.27 0 3988
S 45.74

Ash 15.79 N 013

Table 3. Physical and chemical composition of fallen leaves

MCA Analysis(%)

Ultimate Analysis(wt%)

Moisture 28.70 C 32.45
H 4.63

Combustion 15.27 0 62.31
S 40.24

Ash 15.79 N 014
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Fig 2. Moisture analysis of torrefied products a) cow manure, b) cow manure and sawdust
mixture(9:1), ¢) cow manure and fallen leaves mixture(9:1), d) cow manure and
sawdust mixture(8:2), e) cow manure and fallen leaves mixture(8:2).
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Table 4. Cow manure product MCA analysis

- Classification|
Condotion Moisture(%) Combustion(%) Ash(%)
RT ‘ Temp
Raw product 68.94 15.27 15.79
200C 49.78 34.22 16.00
) 220°C 46.80 36.93 16.27
15min 240C 36.96 45.74 17.30
260C 31.56 50.97 17.47
200C 40.04 43.63 16.33
] 220°C 37.03 46.63 16.70
30mim 240C 16.63 65.81 17.56
260°C 6.49 75.87 17.64
200C 36.50 46.80 16.70
. 220°C 9.59 72.36 18.05
45min 240°C 5.62 75.71 18.67
260°C 5.15 76.13 18.72
Table 5. Cow manure and sawdust(9:1) mixture product MCA analysis
Classification
Condotion Moisture(%) Combustion(%) Ash(%)
RT | Temp
Raw product 65.79 21.71 12.50
200°C 42.28 45.19 12.53
15min ZZO:C 24.59 62.48 12.93
240°C 22.65 64.34 13.01
260°C 15.65 71.05 13.30
200°C 24.53 62.86 12.61
30mim 220:C 12.69 74.28 13.03
240°C 11.20 75.35 13.45
260C 3.88 82.14 13.98
200C 22.07 65.07 12.86
A5min ZZO:C 8.81 77.81 13.38
240TC 4.16 82.55 13.79
260°C 2.73 83.22 14.05
Table 6. Cow manure and sawdust(8:2) mixture product MCA analysis
Classification|
Condotion Moisture(%) Combustion(%) Ash(%)
RT [ Temp
Raw product 59.84 31.06 9.10
200C 24.80 65.71 9.49
15min QZO:C 17.28 72.52 10.15
240TC 13.88 75.15 10.97
260C 9.30 78.96 11.74
200C 18.55 71.44 10.01
30mim QZO:C 9.86 79.43 10.71
240C 8.14 80.44 11.42
260C 6.07 81.44 12.49
200C 16.40 71.96 11.64
45min ZZO:C 6.63 81.43 11.94
240C 3.36 83.82 12.02
260C 0.74 86.24 13.02
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Table 7. Cow manure and fallen leaves(9:1) mixture product MCA analysis
Classification|
Condotion Moisture(%) Combustion (%) Ash(%)
RT ‘ Temp
Raw product 67.05 19.96 12.99
200°C 31.14 51.54 17.32
15min 220:C 18.11 63.26 18.63
240C 9.93 71.23 18.84
260C 7.01 72.67 20.32
200°C 26.43 54.63 18.94
30mim 220:C 15.40 65.59 19.01
240C 6.93 72.89 20.18
260°C 4,13 73.89 21.98
200C 13.41 66.55 20.04
45min 220:C 6.87 72.43 20.70
240C 5.24 73.94 20.82
260°C 2.94 74.14 22.92
Table 8. Cow manure and fallen leaves(8:2) mixture product MCA analysis
Classification|
Condotion Moisture(%) Combustion (%) Ash(%)
RT [ Temp
Raw product 62.58 25.31 12.11
200°C 28.38 58.28 13.34
15min ZZO:C 11.06 72.96 15.98
2407C 6.56 77.34 16.10
260C 5.24 77.79 16.97
200°C 18.00 65.37 16.63
30mim ZZO:C 7.33 75.95 16.72
240C 4.46 77.50 18.05
260C 3.44 77.98 18.58
200C 9.69 72.72 17.59
45min 220C 4.04 77.24 18.72
240°C 1.27 71.717 20.96
260°C 0.31 78.09 21.60
3.2, YgEF U HARM(High Heating Value ot wHErst w2 Fo 1PARSH WP Al wt
and ultimate analysis) 27t AAAE IEH ol vxe 9ol ¢
BEES olgot 1T Es A4S st 2 AS & 5 Ut ¥EF B4 A g8
Ak, Td=g 24 A EF2 1FARAE = 10% mJgte] AAPE2 BEF 1gdE 7
A AF-EBEA HEAEE A A2007-2018) 3,500 kcal/kgell F#&st= 235 vetich 949
% 458 dlEshkeE 3,500 keal/kge 71Eo= o A2 AFest YR Ao Enre At
BRES Frtotsth A8 23} g2 %9t Algt A2 AR el o TEF gro] B2 2
o] Z7IdSE g Worde] wet Idw s Heed, ole e 4 23 1w
A2 SV AFE HYoH, whgk A ol 99 & olgd Fo= % Axtet
Al BEGAIZRo] o] A= JFE HoAl= Atz E ot
AS & 4 ATk o8 Tl NEERE AHE
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Fig 3. High heating value(HHV) analysis of torrefied products a) cow manure, b) cow
manure and sawdust mixture(9:1), ¢) cow manure and fallen leaves mixture(9:1), d)
cow manure and sawdust mixture(8:2), e) cow manure and fallen leaves mixture(8:2).
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3.3. FT-IR &4(FT-IR analysis)
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Table 9. HHV and ultimate analysis of torrefied products from cow manure

CondOtionClasmﬁcatlon C H 0 N S HHV
RT | Temp (Wt%) (Wt%) (Wt%) (Wt%) (Wt%) (kal/kg)
Raw product 8.01 8.39 29.44 3.25 0.18 -

200C 27.28 6.81 43.54 2.39 0.50 2,460.10
15min ZZO:C 28.05 6.95 41.93 2.56 0.34 2,971.49
240°C 34.17 5.98 39.90 2.82 0.32 2,992.55
260°C 30.79 6.41 37.54 2.42 0.26 3,234.05
200C 31.82 6.54 37.02 2.70 0.27 2,722.95
30mim 220:C 37.64 5.60 38.40 2.98 0.32 3,183.46
240TC 31.10 6.27 36.73 2.48 0.51 3,516.95
260°C 36.13 5.97 39.95 2.88 0.37 3,787.61
200°C 40.05 5.64 37.69 2.98 0.34 3,414.11
A5min 220:C 35.17 5.77 39.08 2.84 0.29 3,549.00
240°C 40.57 5.59 37.46 3.06 0.31 3,671.36
260°C 40.30 5.64 36.60 2.96 0.31 3,819.98

Table 10. HHV and ultimate analysis of torrefied products from cow manure and sawdust

mixture(9:1)

CondoﬁonClasmﬁcatlon C H 0 N S HHV
RT | Temp (Wt%) (Wt%) (Wt%) (Wt%) (Wt%) (kal/kg)
Raw product 12.23 1.77 57.98 1.62 0.05 156.39

200°C 30.59 4.84 40.31 2.38 0.40 2,736.33
15min 220:C 36.60 5.46 40.43 2.48 0.27 3,029.75
240°C 36.91 5.55 42.17 2.38 0.20 3,488.82
260C 39.35 5.81 42.56 2.65 0.21 6,301.81
200C 39.83 6.00 42.90 2.47 0.16 3,261.27
30mim ZZO:C 41.83 6.16 42.15 2.49 0.17 3,633.83
2407TC 40.07 5.95 44.770 2.75 0.35 3,817.54
260°C 42.35 6.16 44.61 2.60 0.19 3,887.78
200°C 42.12 6.22 42.80 2.78 0.19 3,607.32
A5min 220:C 42.48 6.31 45.93 2.24 0.11 3,701.14
240°C 42.85 6.10 42.61 2.40 0.12 3,850.62
260°C 45.20 6.15 41.41 2.40 0.18 3,925.53
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Table 11. HHV and ultimate analysis of torrefied products from cow manure and fallen leaves

mixture(9:1)

COHdOtiOHCIaSSlﬁcatlon C H 0 N S HHV

RT | Temp (Wt%) (Wt%) (Wt%) (Wt%) (Wt%) (kal/kg)
Raw product 36.02 5.78 40.61 2.46 0.21 121.51
200°C 34.39 5.84 36.84 2.63 0.50 2,851.09
15min 220:C 29.78 5.99 34.68 2.34 0.29 2,918.52
240°C 40.99 5.89 37.78 2.56 0.26 3,330.74
260°C 38.49 6.25 40.54 2.56 0.26 3,589.26
200°C 36.53 5.95 35.85 2.41 0.21 2,959.13
30mim 220:C 42.72 5.83 35.70 2.80 0.25 3,321.52
240C 39.91 5.62 36.72 2.94 0.46 3,653.38
260°C 41.89 5.95 37.95 2.80 0.31 3,792.58
200°C 41.28 5.71 38.40 2.79 0.30 3,587.48
A5min 220°C 39.78 5.69 38.40 2.70 0.26 3,636.34
240°C 44.17 5.83 41.18 2.58 0.21 3,737.05
260°C 44.86 5.62 17.33 2.62 0.22 3,848.78

Table 12. HHV and ultimate analysis of torrefied products from cow

mixture(8:2)

manure and sawdust

CondoﬁonClasmﬁcatlon C H o) N S HHV
RT | Temp (Wt%) (Wt%) (Wt%) (Wt%) (Wt%) (kal/kg)
Raw product 15.79 8.58 51.36 1.67 0.32 1,132.28
200°C 37.19 6.59 39.09 2.46 0.28 3,308.55
15min 220:C 42.06 6.26 42.22 2.52 0.17 3,389.62
240°C 38.81 5.97 28.69 2.49 0.12 3,572.19
260°C 39.06 6.31 42.774 2.53 0.14 3,814.85
200°C 44.45 6.37 44.26 2.50 0.18 3,408.20
30mim 220:C 43.72 6.17 43.21 2.56 0.12 3,699.99
240°C 38.53 6.03 40.05 2.54 0.37 3,813.03
260°C 42.73 6.23 42.14 2.67 0.17 3,888.51
200°C 44,34 6.18 42.83 2.36 0.11 3,549.18
A5min 220:C 42.57 6.39 42.79 2.68 0.12 3,787.85
240°C 44.64 6.22 42.45 2.27 0.09 3,775.23
260°C 46.07 6.32 42.10 2.47 0.07 4,071.46
ohet sold sl Ao SRAEEE A A shAc
sl gtstol| H|g) H=o] oz —’E B A Fig. 4014 Hoz]%o] 27] Ag@)E =2 &
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Table 13. HHV and ultimate analysis of torrefied products from cow manure and fallen leaves

mixture(8:2)

ification

Condotion e C H O N S HHV

RT | Temp (Wt%) (Wt%) (Wt%) (Wt%) (Wt%) (kal/kg)
Raw product 16.51 8.81 56.57 1.19 0.09 1,017.43
200°C 25.85 7.51 35.14 2.06 0.42 2,900.48
15min 220:C 38.78 6.50 38.56 2.46 0.28 3,275.27
2407TC 41.41 5.87 40.26 2.30 0.22 3,436.49
260°C 42.76 6.20 38.12 2.53 0.23 3,710.32
200C 42.86 6.11 39.16 2.53 0.21 3,373.23
30mim 220:C 42.29 6.01 38.22 2.51 0.22 3,527.87
2407TC 36.94 5.24 24.66 2.41 0.36 3,633.48
260°C 42.41 5.96 33.97 2.42 0.23 3,793.49
200°C 42.13 6.05 38.32 2.40 0.20 3,480.49
A5min 220:C 41.76 6.09 40.99 2.36 0.19 3,622.90
240C 40.01 6.07 38.33 2.12 0.15 3,705.25
260°C 43.09 5.89 37.44 2.21 0.18 3,825.50

a) b)

Transmittance (%)

Wave number {cm’ )

Transmittance (%)

Wave number {cm )

Fig 4. FT-IR analysis of products a) Raw products, b) Torrefied products of torrefaction

reaction in 260°C, 45min.
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