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ABSTRACT

The number of livestock and amount of livestock manure are steadily increasing in Korea. The largest demand for livestock
manure is from farms that use it as fertilizer. Approximately 72% of livestock manure is used in farmland through composting
and manure. However, as Korea’s farmland area has been continuously decreasing, the supply of livestock manure has
increased while the demand has decreased.

Livestock manure is not included in greenhouse gas emissions calculations due to carbon neutrality. It can also be used
as an energy source. However, if not properly managed, it can cause environmental pollution. Therefore, it is necessary to
calculate accurate air pollutant emissions through research on pollutants such as particulate matter caused by livestock manure
combustion.

This study utilizes the weight concentration method, which is a method of measuring particulate matter according to air
pollution process test criteria. The purpose of this study is to analyze the concentration of fine particulate matter (PM-10)
and ultra-fine particulate matter (PM-2.5) from combustion of livestock manure and develop emission factors.

The PM-10 emission factor ranged from 2.48 g/kg to 7.72 g/kg, with an average value of 3.93 g/kg. The PM-2.5 emission
factor ranged from 2.18 g/kg to 7.57 g/kg, with an average value of 3.62 g/kg.

The correlation coefficients between the moisture content of cattle manure samples and PM-10 and PM-2.5 emission
coefficients were 0.76 and 0.80, respectively; this indicates a strong positive correlation. As the moisture content of the manure
sample increases, PM-10 and PM-2.5 emissions increase. This study described the particulate matter emission factors of

manure burning processes for cattle manure, which is considered a potential alternative fuel.
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Fig. 1. The composition of the wood stove
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Table 1. Result of calorific value analysis
Moisture High calorific Low calorific
contents value value
Original 64.9% 1,339 keallkg | 847 kealkg
Samples
Dried 0% 3,821 keal/k 3,542 keal/k
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Table 2. Result of Proximate Analysis analysis

(Unit: %)

Fixed Carbon | Volatile matter Ash
Sample 1 31.96 56.58 11.46
Sample 2 31.01 58.21 10.78
Sample 3 30.99 57.70 11.31
Average 31.32 57.50 11.18
Standard 0.55 0.83 0.36
Deviation

FE AR A, Bh, 4, A TS 24
7] fIsto] A v‘i‘—*—i% *—Jﬂl’é}%“ﬂ 180 T2 2Zo)A] 1
8ot 33]o] AA A% 75
3, gt 2 da .4%, BtA 41.2%, A 52%, &
0.53%, AkA 50.67%= UFEFGTHTable 3 %)
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91HQl Axg AP A HFLe AN 137 «8
A7 B TS 1~25% Ao|2 4=

2 BHe AR A AR 18000 exojy 14 v A8 S MW sl SEE 5 138 A
2B A ARE Agolo] 3 39 Agetgion, 3 OISO T @40l HE vAUAL) U 218 S
Here, U, DS ZHSIGIT, o) el g o Tble 4%t ATh B Gk A WSS PMAID wns
The Table 2014 iz ig Atk 98 AR mRes OV .36 mg/m’ ~3,213.56 mg/m’ Aol = LB PM-2.5
W 3132%, SRS W 57.50%. FEC W == 133.09 mg/m’ ~3,153.97 mg/m® Alo|2 =AE| Q]
Table 3. Result of elemental analysis
(Unit: %)
Nitrogen Carbon Hydrogen Sulphur Oxygen
Sample 1 1.8 40.7 54 0.55 51.55
Sample 2 2.7 41.4 5.1 0.54 50.26
Sample 3 2.7 41.5 5.1 0.49 50.21
Average 2.4 41.2 5.2 0.53 50.67
Standard Deviation 0.52 0.44 0.17 0.03 0.76
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Table 4. Particulate matter concentration

Moisture contents Concentrations (mg/m’)
(%) PM-10 PM-2.5
Sample_1 1.63 293.79(7.13%) 272.85(92.87%)
Sample 2 2.69 418.73(11.96%) 368.64(88.04%)
Sample 3 6.72 2,107.12(10.13%) 1,893.76(89.87%)
Sample_4 8.38 371.58(6.00%) 349.28(94.00%)
Sample_5 8.52 902.27(3.19%) 873.48(96.81%)
Sample_6 9.26 138.36(3.81%) 133.09(96.19%)
Sample_7 9.73 1,371.39(7.98%) 1,261.92(92.02%)
Sample_8 13.42 316.18(2.38%) 308.67(97.62%)
Sample 9 14.24 259.09(2.16%) 253.50(97.84%)
Sample 10 14.71 296.39(4.00%) 284.54(96.00%)
Sample 11 16.24 2,670.67(21.82%) 2,088.06(78.18%)
Sample 12 24.63 2,521.68(2.03%) 2,470.54(97.97%)
Sample 13 25.21 3,213.56(1.85%) 3,153.97(98.15%)

of S Aol ot BAEE HAY dA A7E B2
= 2.5 m ©J5te] WA H|E&L 78.18% ~98.15% Alo]2
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Table 5. PM-10 emission factor

=
=
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o
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Moisture contents Concentrations Gas volume Cattle Manure amount Emission factor
(%) (mg/Sm’) (Sm’) (ke) (grkg)
Sample_1 1.63 293.79 2.36 0.200 3.47
Sample 2 2.69 418.73 1.18 0.200 2.48
Sample 3 6.72 2,107.12 0.49 0.200 5.16
Sample 4 8.38 371.58 1.64 0.200 3.05
Sample_5 8.52 902.27 0.94 0.200 4.25
Sample_6 9.26 138.36 4.76 0.200 3.29
Sample_7 9.73 1,371.39 0.48 0.200 3.27
Sample_8 13.42 316.18 2.12 0.200 3.36
Sample 9 14.24 259.09 4.09 0.200 5.30
Sample 10 14.71 296.39 2.36 0.200 3.50
Sample 11 16.24 2,670.67 0.82 0.200 6.14
Sample 12 24.63 2,521.68 0.46 0.200 5.80
Sample 13 25.21 3,213.56 0.48 0.200 7.72
Table 6. PM-2.5 emission factor
Moisture contents Concentrations Gas volume Cattle Manure amount Emission factor
(o) (mg/St) (Sm) (kg) (gke)
Sample 1 1.63 272.85 2.36 0.20 3.22
Sample 2 2.69 368.64 1.18 0.20 2.18
Sample 3 6.72 1,893.76 0.49 0.20 4.64
Sample 4 8.38 349.28 1.64 0.20 2.87
Sample 5 8.52 873.48 0.94 0.20 4.11
Sample 6 9.26 133.09 4.76 0.20 3.17
Sample 7 9.73 1,261.92 0.48 0.20 3.01
Sample 8 13.42 308.67 2.12 0.20 3.28
Sample 9 14.24 253.50 4.09 0.20 5.19
Sample 10 14.71 284.54 2.36 0.20 3.36
Sample 11 16.24 2,088.06 0.82 0.20 4.80
Sample 12 24.63 2,470.54 0.46 0.20 5.68
Sample_13 25.21 3,153.97 0.48 0.20 7.57
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Fig. 2. PM-10 emission factor according to moisture content
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Fig. 3. PM-2.5 emission factor according to moisture content
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Park et al. (2013)2 &S The 2ZoflA AAA|A,
Aa 2Zo] WE PM-10 HiEASE Ndstlet. 2+
459, 560 T, 735 ColA &S ALAIF2H, PM-10
WA 72+ 3.476+1.594 g/kg, 0.589+0.169 g/kg,
0.043+0.012 g/kgO. 2 7fHE o] A 27} VTS
PM-10 HiE&A 471 ZolA= A& YEpyth 2 A+
A ZRE PM-10 &A=} ok lS W, 459 CE 4
*éﬂ—% S 7]F0F 48% ~ 130% 2Fo|E Bt} Park

2 AAE 959 “The radiating electric heater of the
cone calorimeter” 7]7]& &85l A4 L& XA35}o]
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A4 2 7ot} dAart AlRHE o|FRE = A dAE

B9l A4S AP oFE, SB AR dade
WP 9 9k 0] Aol dlste] HjEASY Hol7t 1}
t Ao waHEd,

Table 7. Comparison of previous studies on
particulate matter emission factors

(Unit: g/kg)
Studies Fuel PM-10 PM-2.5
. Cattle
This study Manure 3.93 3.62
Cattle
Sahu et al. (2016) Manure 11
Park et al.2013) | S5 et 160
Manure
4. 48

o2 AATAHgA FAPS= PM-10 3T= 138.36

mg/m’ ~3,213.56 mg/m’2 &2 PM-2.5 L 133.09
mg/m® ~3,153.97 mg/m’2. 2 EAEQt) o|E 7|Fo=

PM-10 H|&A5E 2.48 g/kg ~ 7.72 g/kg Alo|& UERLO
o, BFS 3.93 ghkgl 2 AP E ]t PM-2.5 Bi& A%
= 2.18 glkg ~7.57 g/kgO. 2 EAE Oon, WHZHL 3.62
g/kgo @ UElgth LB X759 4$E 35837 PM-10

I:l
2 PM-2.5 HIEAG Alo]9 ABALE BASH A, 7+
7} 0.76, 0.80°.2 UER} 733t o] ATHAE 2H= F o

= YERRT
2 AFAde] 2 &8 Ah Al DYsHE R4
229] 9F 91%Z PM-2.57} A& A& Zu|qHA] Hj
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