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T A7 AT &
I EEo BT 2 3Ee YA RE FEaly] HAT
Ao vepd
Q01D 1 _ gpggo) wo} Bue 974 5 £ @ Bast e
AT Ay, 89 Ho ddFe oF 3,500kcal/kgo =
GHE | euAde =R SR B S
(2016) E3], 9 9 94A 5 Z2Zo] Ad EFEe] v
redeo] A vhehd
NEEn uAdE AFY 4 2 591FS 298
AT | 9% JlEEs n¥Ass} Al 24 39
(2013) FEdn TAAE 959 A3t ouA FAFS Azt
33,865,105Gcal U= W=
o AAEN A BASE 71EEE AR JUA AT 2
AR BA
A7 ] i _ o
A4 tEEn nAARse] AA4E B 99 &
@018 | Ag 9 2A7 BEF 50 9.
aan |- /MEER DAGR AFe] #4E 9 45 ¥IL /9,
$23 5 A TADE AFL dASe] oF 2462577 E]
@Y | zvs 34958 B8Y 5 YLAOE e,
FRHa | - PEEE IAdR dud 54 9 olskshy 54 24
gepe | EEE WALRIL AANE HUE S8 AN A
o AZE B3 FE IS oF 40% E7HA G ok st
(2017) ;q]qj@
uman, Goat, Sheep & 22FF2] o WEH 4, pHE=
Sahu %ﬁ%% 2,
E3|, Cattle, Blue Cattle, Bull, Bufalo % ¢ wmAH=|
@O | wmzAse pseiden, A7 A% S Aad HE
A=A W EAFE 1gkg o 2 Vet
SR Az w2 mAHA MEAFE  ApEtgon,
Park Aiemo] B2 uAHA MEAF B4 FAYS
@13 |- 97 AF, diremrt =L5E wAHA  wEAF

N

Folle Ao Uehd.
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Analyzer)

YK E 3-1> F=).

= o
SHEFs F4

FRo.™,

S|

Dynamic flash combustion methodE A}-&
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g Ftel

lel TCD A=

S|

A7)0, AEo g By

vA
oy
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o

o
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it

ZHE L 2m Zoleo] ParaQ-Xo|t}.

bt

S|

MSGas Corporation®} 02 99.99%, DongMin Speciaty GasesE A}-&

140mL/min, 240mL/min,

2002;,ASTM D 3178-89,

22}

o o
Fare

SHb7b A 44, reference’} 29

99 THASTM D 3176-89,

S|

7

100mL/mino. &

2002.).



Finnigan-Flash EA1112,USA ©]¥, W 2%(Furnace temperature)= 950C,
LE 2%(Oven temperature)= 70C 2 A3} Ath

<19 3-D Asdaiti7]

AR BAe AAdEE dzAl Amd  wdHe gt

I fE(nherent  Moisture), 3] &(Ash), 3¥E(Volatile Matter),
v ea(Fixed Carbon) T2 A3t WHOZ, B AFdqMs &

A 2 o] AbA B 2yS 25} dFFE7I(TGA-T0DE

g3y ad 3-2> =)

(]

b o] BAEoN, HRAhHT THVAE TeE 44299999
WE 50 Tol el pAHE Fe Fal ZHshAT A=SA
FHelA 7 % g oD LEelA 3e AT F AT BAT 05 ng

ol w 7kA] EAsFRATISO 17246, 2010).



T2 UEF E4E 1¥ARAF 22 AY - 4R wg
8Pt Aa, A FEA7)(Parr-6400, USAE AHE3tATHKH 3-3>

12). AFIFEAE ARE AaNA Ah A, F FRFY LE

Aol 2Ry TIdFE S
2 A7oME 25 T ¥AsE SHTE 85kl Isoperibolic at

T

25 C mode® ZA3FHFTHISO 1928, 2009; KS E 3707, 2001, ASTM D
2015-91, 199D).
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3. MAHMA %3 A ¥E &%

He HAMAE E=2J-3r] AT AHA
FAzIelE Tl ZRE uAMYUAe FEE SAHI= WHolth
AR e EAE mF AHLMicrobalance)S Edte] =AH sty om,

33 WHE SAI FAle HoFgow =xJE mAEAL] FEES
> :

EES)

TEEERS BT VARA F= SAHES 9l 891 FX(Stac Sampler,CAEE
ARgSle] slEdROA HIEEE 7RaE 5480819, Cascade Impactor(PME10,
PM-25 Impactor, Johnas, Paul Gothe GmbH)E Z83lo] ofuxlo] wAax|E
ZZBIATE §21 AR} Cascade Impactors= 242 <19 3-9 3 <1 3-1003) 2t

HAAR] ZRE 7 AATks AlRTE AAEY] ARRE & AAve] 257} of
40Col =23k § 088 Ao, siEdRlA Higse davkee 25
oF 40-50C oPgeltk



Trajectory > PM 10
Trajectory PM 10
Trajectory PM 2.

Impaktionsplatte mit
Impaction Plate with
>PM 10

Impaktionsplatte mi
Impaction Plate with
PM 10

Endfilter mit \
Back Up Filter with |}
PM 2.5

<214 3-10> Stack Sampler

S8 dzd wWE  mHMEA  WMEAsE A Q% 2ol

A MR E=mg/m), & F=ZHmd), 8 24=5Hkes o] L5+

A Ak
R _ HAARE = (mg/m?) X 55 (m?)
vl & A $(g/kg) = S 221 () <1072 (2)



A4 B AER wEAT AL

Al o A 2 wdF £4

AZXE APsA e 9 AR 2L Axd A9 dd dIdHFS
A3t Ag Ax, oA A5 AYEdEe 84Tkcal/kg,

SR FREO 0% sEOR

=3
ddze 1.33%callkg® FAE A
Azg SRy basis)e] A9TAFe 354%calkg, aULFL

K
O
e

3,821kcal/kg®Z EAFHJoHW, FH IFEo] F2FE poddyd o

v

A9 gl ¥ AoE YHRTHGE 4-1> 3=

GRE4-1> 979 #ad 24 A3
T T e a9EgF Aepdds | Bl
4 AE 64.9% 1,339 kcal/kg | 847 kcal/kg
Az A=
0% 3,821 kcal/kg | 3,542 kcal/kg
(dry basis)
TE AEY AR 24 B2 9 AEE 180T 2% A 1A%
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Az

Fod 33]o] A A

°

B4 41.2%, 2 5.2%, 3 0.53%, A& 3 50.67% %2 YEFSTHK

4-3> F=x).

&

g

51.55
0.76

50.26
50.21
50.67

0.55
0.54
0.49
0.53
0.03

5.4
5.1
5.2

5.1
0.17

40.7
414
41.5
41.2
0.44
— 99 —

1.8
2.7
2.7
2.4
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49.43

93.52

71.95
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A2d $E d4d 0E mAHA 5=

T dad wE mAYA vr AL F 133 HAEAoH &
Aol @ vAHEA Y YA I8 TEE <F 4-5F 2o &9
PM-10 %%+ 138.36mg/m® ~ 3,213.56mg/m® Ate] &2 tElytth. PM-2.5
5= 133.09mg/m?® ~ 3,153.97mg/m® AlolE ZAH=HUTh
<E 45> $& dxd @2 WA &

T
T A=A =27] & %(mg/m®) H| 31
ains
PM-10 293.79

Alg_1 1.63%

PM-2.5 272.85
PM-10 418.73

Alg_2 2.69%

PM-2.5 368.64
PM-10 2,107.12

ANE_3 6.72%

PM-2.5 1,893.76
PM-10 371.58

A5 4 8.38%

PM-2.5 349.28
PM-10 902.27

A= 5 8.52%

PM-2.5 873.48
PM-10 138.36

AE_6 9.26%

PM-2.5 133.09
PM-10 1,371.39

A= 7 9.73%

PM-2.5 1,261.92




PM-10 316.18
ANE_8 | 13.42%

PM-2.5 308.67

PM-10 259.09
ANE_9 | 14.24%

PM-2.5 253.50

PM-10 296.39
ANB_10 | 14.71%

PM-2.5 284.54

PM-10 2,670.67
ANE_11 | 16.24%

PM-2.5 2,088.06

PM-10 2,521.68
NE_12 | 24.63%

PM-2.5 2,470.54

PM-10 3,213.56
ANE_13 | 25.21%

PM-2.5 3,153.97
S5 Aol wet TAEE WX 4R A7|E EXE 25m ©]3}He]

il

A WE&E 77.54% ~ 97.28% Arol2 UERE O™, 25um ~ 10m Abo]<]
A= 1.84% ~ 21.64%5 ZFAISFRTE 10um o)/de] WA Hl&2 0.17% ~ 2.75%
A2 ZAHFHAIKIE 4-1> FF). $E dAixd g dysts AR
o] 4R Z7|7F 25m BT ZFS ZuAHA(PM-2.5% AS=
Let

e

St

3T
o



UM IS B EE (%)

—

AMZE1 AMZ2 AE3 AEa AEs AMZEs AME7 AEs AlZEg AlZw AR

=2.5um 0|8} m2.5um ™~ 10um  m10pm 0|4

(IE 4-1> $& a0 mE 919 dA 2718 &=

=

=
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A3E & Fredd nE vAEA fEA T

1. B AAA(PM-10) v} &A 5

2.48g/kg ~ 7.72g/kg Alol=

AT

)

T2 4.02g/kgo. = YEFGTHK

PM-10

w2

3

3

4-6> =), PM-10
1~ A= 3& A9

-
At

AL,

S|

=
AL

tel AR 45EH A8 1171A 9

S|

87 Al

Aol vAs FF=

=
=

PM-10 u}

o W&

o)
o

A< E  4-25

S|

24

i

Ao=

7hebe

A% Aol

PM-10 wi&A7}
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L —
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<E 46> T dALol ©WE PM-10 MiEASF
e s F 4% | L | waAs
T BRE 3 3 arheg
@) (mg/Nm) (Nni) (kg (g/kg)
AE_1 1.63 293.79 2.36 0.200 3.47
A= 2 2.69 418.73 1.18 0.200 2.48
AE_3 6.72 2,107.12 0.49 0.200 5.16
ANE_4 8.38 371.58 1.64 0.200 3.05
AE 5 8.52 902.27 0.94 0.200 4.25
AE_6 9.26 138.36 4.76 0.200 3.29
ANE_T 9.73 1,371.39 0.48 0.200 3.27
A58 13.42 316.18 2.12 0.200 3.36
A= 9 14.24 259.09 4.09 0.200 5.30
AlE_10 14.71 296.39 2.36 0.200 3.50
Al=g_11 16.24 2,670.67 0.82 0.200 6.14
Alg_12 24.63 2,521.68 0.46 0.200 5.80
Al&_13 25.21 3,213.56 0.48 0.200 7.72
B
_ L v=16.200x + 2.4311 -
B
£ .
8 . .. . ®
Ez .
] .
1
% 2% & 5 B% 1 12%% 14% 16% 18% 20% 22% 24% 26%
Moisture content
o 2ESippga0 HEFHST B (REZPM-10 HEH T
19 4-2> & e wWE PM-10 viEAs X%



4-7> F=x). PM-2.5

-
At

2.16g/kg ~ 7.57g/kg Alol=

Ars

=
=

o<
T

Al

s

PM-2.5 Hj

FFe 3.72gkg o8 LFERFTHK

=

L.
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v A H A (PM-2.5) Hj
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=
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<E 47> T8 Aio] ©E PM-25 #iEAT
=] [eXR=]
| whe g pSN £t Hﬁjféf
(%) kg)
AE_1 1.63 272.85 2.36 0.20 3.22
A= 2 2.69 368.64 1.18 0.20 2.18
AE_3 6.72 1,893.76 0.49 0.20 4.64
ANE_4 8.38 349.28 1.64 0.20 2.87
AE 5 8.52 873.48 0.94 0.20 4.11
ANE_6 9.26 133.09 4.76 0.20 3.17
ANE_T 9.73 1,261.92 0.48 0.20 3.01
A5 8 13.42 308.67 2.12 0.20 3.28
Alg_9 14.24 253.50 4.09 0.20 5.19
Al&_10 14.71 284.54 2.36 0.20 3.36
Alg_11 16.24 2,088.06 0.82 0.20 4.80
Alg_12 24.63 2,470.54 0.46 0.20 5.68
AlE_13 25.21 3,153.97 0.48 0.20 7.57
g E = lE.ZEL.x. ._.-2-'1%'3'3.'"
- .
g- = g—
Es| o o %o .8
i
o 3 . e 2 e e e e e o 5 gie een
Moisture content
e ZEDIpM-2sHEEA = U (REL P58 E A 2
K9 4-3> & &l UE PM-25 HlEAl4 E31%




3. HIAA WjEA 5 Bt

2 AFolA JigdE R Ao wWE rAdA HWESASE

APA oA 7MEd FE Ao wE vHHA W& 5 9@ A2
G83F stEdZ o nHAA vl EA| 2 WS HTHKEE 4-8> FHR).
Sahu(2016)+= Cattle, Blue Cattle, Buffalo, Bull 5 5ol JEERE

Closed chamberolA] AAAA v AHA HW|ZASFE AP, 89
PM-10 WMiEAl+= 2 A79Y wEATEY oF 273% 752 11g/kge =
ettt ol2lgk zfole ZF ol EEH e FF T & AR =1
zfolof o)k Z1o 7 ek

Park(2013)= ES Odd T4 AERAA, da 254 mE
PM-10 wiEA+E /Nt 242F 459C, 560C, 735ColA &=
AL o, PM-10 ol &A= zapdy 3.476+1.594g/kg,
0.5891+0.169g/kg,  0.043+0.012g/kge.z M=o HAA 257}
57185 PM-10 Wi SAl57F ZotAle Aoz et 2 ATolA
A" PM-10 wlZA59] 46% ~ 126% Ato]E R

T9o] zol2 QI3 Aoz ITFETH

B AgEE AR wE mAWA wWEASF AolE
st th A F2015)E SEdE 2 BHdHoA RS AdxAA
PM-10 % PM-25 H&EATE /iEdstsiern, PM-10 wWiEA s+
6.53g/kg, PM-2.5 wiEAl4+= 4.16g/kge2 uYERGTh B AgoA
AMdE 29 PM-10 wiEAlsRT ¢F 162%, PM-2.5 wiEAI49 oF
111% FFo2 £2 %S EAoH, ol diol ALSHE AR Aold

ﬁ
_EL
2
rlr
r2
B>

o)g Ao waH



(E 4-8> AR A] &A= vl

AT

PM-10
(g/kg)

PM-2.5
(g/kg)

e

2
-

—o
i

4.02

372 | -

SEHRE AXHAZ ALE

PM-10 wiE&Als 9 PM-25 ¥iEAlTE=
27} 2.48g/kg ~ 7.72g/kg, 2.16g/kg ~
7.57gkg Aol = rERE

Sahu
(2016)

o
i

11

Cattle, Buffalo & 4579 98-8 A&
(osed chanberS: SRgA2 AL

PMEIO HiEAl} 1ighkg O = vehskom,
B Aol 7l wEARED} 273% =5
Al ABE Al Xjol= <l HiEAR
Aoz o= kg,

Park
(2013)

—o
i

3.48+1.60

49T, 560C, 7HC 5 Ut en
Ao s A4

z¥zkel  2&olA PM-10 viEAlTE
3476gkg,  0589gkg  0.043gkg
TEOE Ul o # el
7 vliEARol] vlste] 22 =4l
B A7l dplsle] 32004 AAE
ggloll wel HiEAGTE Alus
Aoz T,

=
o,
=Y

(2015)

o

6.53

4.16

FEGRA G2t da
PM-10 % PM-25 ®EA<F
6.53g/kg, 4.16g/kgo.2 A E YL

B Ao} tiulslel PMHI0 HiEAE oF
162% PVR25 viEARE oF 1%

rr




4
F7F AASEHIL ew, VtEER AR 747 18829 E/Y,
41989 E/Y 2 YEGTHEAE R, 2017). SHEFEE JIEER T Fol
0E Vhsds AdE dUA FF FAFS AEsila, e 2%
& 1911L118TOE®] rlo]ofufx] HAfEo] A=A o2 et R, 2016).

ARQEOE A RFARE AeIE MY SHTRLA

TADRE gl wt 2013d 7]

N
[\
X
(ol
b~
>
=
—
©
=~
2
i
g&
—
o
N

& A 5597HENY AeS WA & F USASE UER
A FQ2016) A AAT 7tEER TAARY ME gAZFES EXE

al
olitstetAa AZERS AktEA S W, E£480Q% 10%e° wEk ZHzt
2,810 E/d, 131741 £/ 9] o istgaE 5 & F e FEoIU.
Sgugte] dryol F wjEFS 2016 71F 301,30180]H, 11 F
2% sPIE 217464E0] EudE HAAHAA TAHHE o=
Ve tH=EE 84 78, 2019). 2714920062 =52 1|3 A4 oA <

T URIH  AJSYA14(2019) HE oyR|g=x 7 |&Eo] ol S d=z8)0] Hwirdder
24.7MJ/kg, olxtstet4a BiEAS 95,300kgCO,/TIO.2 Al4tgh 3hel.



FEYol wEFS TAZF Edes F&ste ASFEded, FHHE
HANA HA 10ppmFH Hol S0ppm o] GEUOE WS =
Aoz YWtk ¥ S 5(2013)0] Aol mEW JSiEn 13HE
Ao AL A BAEE dERYer  HilE®Ee 8.

el tH=d 3 4 789, 2019).

ZhsEas HYE st AAdA yes dEYol HiETFH
AaFgels EAst= dRYol HiEFS HwsHr] Hsiss o
7Hd3 Ad3o] gutEojof hr]o B AN FHT F= fIAAT,
ek 22 AYAT AHEE S TSE

Aol Histe] Yol MjEFo] FHiA s EolE As AT =+ Atk

9ppmo. =
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°F  64.9%%1
2} 847kcal, 1,33%cal® eSO ™, A=

o]

3,821kcal=

3,542kcal,

Z4L 1A 31.32%, FLE 57.50%, 3|&
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2.48g/kg ~ 7.72g/kg Alol=

) By

Al

=
=

Ll

v A=) Hj
4.02g/kg o=

PM-10

=

L

ST

S

GEoA AL
w}

i

-
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=A<

Ll

AARHAT. PM-25

2=
T

Al

=
=

NG5S wARA )
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=

¢}

=

L.

o]

w}
&

7.57glkg
FH8o
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i

2.16g/kg

]
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o

oy

A3, 242+ 0.76, 0.80=
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il

H] A A]
~ 126%

2 Y ATl A
°F 46%

Pravin(2016)2]
Bl &)

Al<=2}
o,

°oF  273%

ATl

=

Hj
H] 3}
Ars 2

=
=

T AR A
a7
Hj

il
u] A H =

Aol A

B

Park(2013)<]
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Abstract

Development of Particulate Matter Emission Factors of

Cattle Manure Combustion

JaecHo Yoo
Cooperative Course for Climate Change

The Graduate School

Sejong University

The number of livestock heads and livestock manure is steadily increasing
in Korea. The largest demand for livestock manure is farms using compost
and manure. About 72% of livestock manure is used in farmland through
composting and manure. However, Korea’s farmland area has been
continuously decreasing, so the livestock manure to be treated increases, but
the demand source is decreasing.

Livestock manure does not calculate greenhouse gas emissions due to
carbon neutrality. It also can be used as an energy source, but if not
properly managed, it can cause environmental pollution. Therefore, it is
necessary to calculate accurate air pollutant emissions through research on
the generation of air 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 in
livestock manure and develop emission factors.

PM-10 emission factor ranged from 2.48g/kg to 7.72g/kg, with an average
value of 4.02g/kg. PM-2.5 emission factor was analyzed from 2.16g/kg to
7.57g/kg, with an average value of 3.72g/kg.

As a result of the study, the correlation coefficient between the moisture
content of cattle manure samples and the PM-10 and PM-2.5 emission
coefficients was 0.76 and 0.80 respectively, indicating a strong positive
correlation. In other words, as the moisture content of the manure sample
increases, PM-10 and PM-2.5 emissions increase.

This study developed the particulate matter emission factors of manure
burning process of cattle manure, which is considered as a potential
alternative fuel, and analyzed the climate and environmental effects of cattle

manure combustion.

Keywords : Livestock Mamure, Cattle Manure, Particulate Matter Emission Factors,

PM-10, PM-2.5, Climate and Environmental effects
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