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ABSTRACT

In order to actively respond to the framework convention of climate change, it is necessary to estimate emissions using
reliable emission factors. Compared to the energy and industry sectors that emit large amounts of greenhouse gases, the waste
sector is relatively lacking in greenhouse gas studies. In particular, non-CO, in the waste sector has fewer studies of
greenhouse gases than CO,.

In this study, CH, emission factors for domestic waste incineration facilities were compared according to sampling methods
that included intermittent collection, continuous collection, and continuous measurement. Sampling methods suitable for
developing CH4 emission factors for domestic waste incineration facilities were derived. Statistically, there was no difference
in CH4 emission factors according to sampling method at the 95% confidence level. Therefore, intermittent collection,
continuous collection, and continuous measurement sampling can be used to develop CH,4 emission factors for domestic waste

incineration facilities.

Key words: Domestic Waste Incineration Facility, CH; Emission Factor, KruskalWallis Test, Intermittent Collection,

Continuous Collection, Continuous Measurement
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Table 1. Comparison of domestic waste incineration methods

Incineration method Operation method Average facility capacity Total facility: capacity Number of facility
(ton/day) (ton/day)
Continuous” 147 14,808 101
Stoker Semi-continuous” 8 79 10
Batch” 3 85 26
Sub total 137(77%)
Continuous 30 30 1
Fixed-bed Semi-continuous 12 12 1
Batch 5 49 10
Sub total 12(7%)
Continuous 48 386 8
Pyrolysis Semi-continuous 29 29 1
Batch - - -
Sub total 9(5%)
Other methods - 20
Sub total 20(11%)
Total 178(100%)

1) Continuous: 24 hours a day operating conditions

2) Semi-continuous: 16 hours a day operating conditions
3) Batch: 8 hours a day operating conditions

(Source: Ministry of Environment, 2017)
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2.2 NZHHE U EAuy

2.2.1 ANER{F gHH

7FdEZ 3 o= EPA Method 18 (US EPA, 2000) H'H-&
223519tk o] WS Lung sampler (ACEN, KOREA)
W ELo]| Tedlar bag (SKC, US)& 23}, sampler®] HI
7t A&l sampler WHE RA(EH) = THE0] Alw7t

BRE AN FES DY PHoltt. wykie] =
e SR ABAHYA Al TR WesbAe

mesh ~ 16 mesh 719 ®M A[FHE F4H F5¥5
AAste] AAsIROH, AREZHZ 10L &9 Tedlar
bag (SKC, US)Z ©]-&sl3ict.

A& R0 o] 3743 (The U.S. Environmental Protection
Agency, EPA)9] H 1T AHA(US EPA Mandatory
Reporting Rule, MRR)OJ| A Q5= ASTM D 7459-08
WS 819 ASTM D 7459-080] Sfat A A2
He Wka) SR FUSHA S AP 2 A8

HEHS FHES 2447 A508 ARS BYSH]
o W717he] 24417 B BEE Foe ol
dx7 W BSuY ARAH A O SABE T
Skoltt. @Rl A|EE Tedlar bagol] 345t
oAl BAT A%, &4 A7) wet - o
Hy o fA2 ARE HESH
of wzt whgst, Alm E
Al&o] 7] F ol o3t 9T, LEA A&
W 1 0 2 9] 72K adhering), AEA} A4E2] |
0 = 9] F¥K(permeating), ¥ o)A 2] &
], slet=dE 7te A%l o3t &4 5o IF=
Qltk(Lee et al., 2013).

Jeong et al.(2006)9] AFoAE= CHES tACZ
Tedlar bagof 4] 36hr &<t Xyt A], 2pgo] EHA] k2 87]
o= g APgE 8709Ae fAo] TAEA] Aokt
Hong et al. (2016)2] AFoA= REVIALL AIAES
53 CHsS 243 23, EF7tAas 275 349
o] X|tf 240 hi7HA] FE=HI&0] 5% o2 ul-f- 4]
I Ao g yeigon, AR A A dA
AIZERL 192 he7kA] QEE ARl A& Uit

A&HEY G = Aol AAAEST A&2H
715 AR&SHIH & Aol ARERE ASERT|= FEA
AR (ALPHA, Korea)Z E3f 100T o]A] wj7|7tAS
3T olst= YZsto] S55ES AAs, Wd dx4
29 27| (ALICAT SCIENTIFIC, USA)9} HIL(KNJ N86
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LABOPRORT, Korea)& 53] 5% 9% 4% & 9
o). 3t Eoln| S ALg3te] thA A14e] SGAZe] B

Pl
A7 AR 71718 226 ot £7 AlZtolt Hy
717k 2340 Theete s shaitt

AESPIRH L CH,AESH AU E ol &siih & A
Fol| A ARESE CH,A42774H](SYNSPEC BV, Netherlands)
= 943 GCFIDEA, F3F7|= 38°]al TNMHC
(Total Non Methane Hydro Carbon)®} CH,& &4
Qity. TNMHCY] &4 H¥+= 0.05 ~20 ppmo] 1, CH,9]
=AMl 10ppm o|5lo|t}. CH, F&=Huolg=
IQR (Interquartile range)ol] 2]t o]AFX] A AHIHS ARS
sto] ol A& AASHAH-

HitH
od

222 Mg & CHs 8k

1=

HI

AR} ALZYS o]-E3to] T A
oA 7tAaZ2utE 11 H(Gas Chromatography, GC)<
1-&sto] EAstAt. 7IAA Rt E T u S 714 Alw
S 29kASt Eftoto] 1A (EE)S B Sk,
I3 S AR 1A A8 o8 dES £E-A
o= etk CHyo 5% 42 HHERE GC-FID
(Gas Chromatography Flame Ionization Detector, FID)Z
AME-8H= Varian CP-38002 AREstgion, B4 271
Table 29} Zt}. AH2 AHQIH A A9 Porapack Q
80/1008 AFESIA L, 2H7FAN2, 99.999%)2}F H,, Air
9] 92 Z+Z+ 25 ml/min, 30 ml/min, 300 ml/min°.2 A
AT AR 2YTe} 08, AE7]9 LEE 747 12
0T, 70T, 250C = AAsIAh AES4 ¥HY CHy &
T 242 AEAQF 717 9t diAAIEl CHy %553

= ddd

O

Table 2. Gas Chromatography analysis conditions

Varian CP-3800

Detector FID
Colume Porapack Q 80/100
Carrier gas N> (99.999%)
N, 25 ml/min
Gas flow rate H, 30 ml/min
Air 300 ml/min
Oven 70 °C
Temperature Inlet 120 °C
Detector 250 °C
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CH, HlEA% e 918 W& g e at
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EF oy, = [KX Copy, X Quay < 1)/ w )]

EF, cr, : CHy ¥i&A4(g-CHy/ton-waste)

Com, @ CHO| & BFsE(ppm) (AAL7EE 718)
K .16 kg/S

oo ke m’)
Quy =19 B4 RFSm/day) (AALTEA 71F)

w ;19 AZ13f(ton-waste/day)

ERY AEe F 23] 24 647t 2-S AAISH
I, 30& HEo=R ARE 383 ZAsY shFo 979
L7t fAEE A
AAo A CH,2l FAES JLElsto] £4 A7 A&
o A2 Bkl ow, GC-FIDE o]8-5to] £A45k3iH
CHy 5% 42 33] vhg AA|sto] PAghS 58 A
&kt

xR A& 123 &4 CHy 5Z+= 0.364 ppm ~
0.455ppm®] FEE How, 12 4 FdsEe
0.411 ppmZ YEFGTE 12} 24 AESHAE 1.41% ~
4.80%9] H9E Eoich 7HExY 23 54 CHy 5%+
0.488 ppm ~ 0.773 ppm&] EXE H o, 23} 74 Bt
SEE= 0.587 ppmO. 2 UERHTH 23} &3 A EFHXA
= 3.98%~12.19%9] HAE HAth 7HEZo] w2
CHs; =5 Tt Table 3] UEHRTh
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Table 3. CH4 concentration in Intermittent collection

sample
Number
. Total RSD
Sampling days Mean SD of
mean (%)
samples
Day 1| 0.416 0.006 | 1.410 9
Ist
. S . Day 2| 0.432 | 0411 | 0.017 | 4.040 9
investigation
Day 3| 0.385 0.018 | 4.800 9
Day 1| 0.482 0.019 | 3.980 9
2nd
. n . Day 2| 0.598 | 0.526 | 0.062 | 10.370 9
mvestigation
Day 3| 0.681 0.083 | 12.190 9
A& AZE % 23] B 62zt LS
23 APY 14 ASEY ARE 5, 24 ASEA AR
sHS shustlch A ARe FEEY AR} i
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TN B4 WA AR ¢ 492 2ugles,
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B 242 ANs] BREe lcﬂ g3t

A&z A7 HA CHy v H+ 0.392 ppm ~
0.676 ppmO. 2 UEFFOoH, A&RY 12} &4 Fdsk
£ 0399 ppm, 22} 4 HdeEE 0.570 ppmO =2 FA
ot A&HER 13 §4 CHy 529 EFHA= 0.013
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Table 4. CH4 concentration in Continuous collection

sample
Number
. Total RSD
Sampling days Mean SD of
mean (%)
samples
Day 1 | 0.403
st
. o Day 2 | 0.399 | 0.399 | 0.013 | 3.24 5
investigation
Day 3 | 0.392
Day 1 | 0.532
2nd
. . Day 2 | 0.555 | 0.570 | 0.079 | 13.8 5
investigation
Day 3 | 0.676
Table 5. CH4 concentration in Continuous
measurement sample
. Total
Sampling days Mean SD RSD(%)
mean
Day 1 | 0.322 0.022 6.87
Ist
. L Day 2 | 0.379 0.362 0.033 8.64
investigation
Day 3 | 0.364 0.024 6.72
Day 1 | 0.489 0.031 6.31
2nd
. L Day 2 | 0.554 0.526 0.093 16.87
investigation
Day 3 | 0.511 0.124 24.19

3.2 ZYYR”O| M2 CH, BISHS 4P

CH, Hl&A5Y 482 4] (1)Z AHESHIH

S0 W 1% &4 CH, BiEAls AP 23, 1t
dxFo] & 13 54 CH, HiE&ASs HHEZ 0.179
g-CHy/ton-waste, 32352 0.154 g-CHy/ton-waste2 L}E}
worm, Hdxy 13 54 "o "WiEASE 0167
g-CHy/ton-waste2 UEFGTH A&EY0] 2 12} 574
CH, ¥|&A1%5 HHAZES 0.164 g-CHy/ton-waste, H5ghe
0.157 g-CHy/ton-waste2 UEFFOH, A&EEZ 12} =3
Hi &4 4+ 0.161 g-CHy/ton-wasteZ LEFGHTE A<
270] wE 13 24 CH, WEAS AR 0.156
g-CHy/ton-waste, F4FF-2 0.128 g-CHy/ton-waste® L}E}
%o, A&KEA 1A 54 #Hd "WiEASs= 0143
g-CHy/ton-waste® WEFTE 28 S0 ©E 13 &
d CH, ¥l&AG Batgt oA 2k A9 Zpo]
+= 0.024 g-CHy/ton-waste ] T}.

S W 2% &7 CH, BiEAls A 23, 1t
dxyo] & 23 4 CH, wiEAs A 0.273
g-CHy/ton-waste, F4FF2 0.192 g-CHy/ton-wasteZ L}Ef
wom, xRy 22 &4 Hd HiEAST= 0236
g-CHi/ton-waste® UEFHTE A&Kx o] kg 234 574
CH, ¥&A15 RIS 0.271 g-CHy/ton-waste, H|&=ZHS
0.212 g-CHy/ton-wasteZ WEFF O™, A<L£ER 23} =4
B WlEA S+ 0.237 g-CHy/ton-waste 2 LFEFGT). A4
S0 e 2% 374 CH, HiEAs A 0.224
g-CHy/ton-waste, F$FF-2 0.198 g-CHy/ton-waste® L}E}
won, A&EEH 24 4 B #EAS= 0209
g-CHy/ton-waste2 UEFHTH ZF S| & 23 &
7 CH, BiEAs B4k SolA sat gk Apo]
= 0.028 g-CHy/ton-waste2 12} =X} H|ZHS o,
0.004 g-CH,/ton-waste2] z}o|& H Tt =AHhHo| 2
HlEA = o Table 60 WEFH AT

Table 6. CH; emission factor by measurement

method
(Unit: g CHa/ton-waste)
. Intermittent | Continuous | Continuous
Sampling days . .
collection collection | measurement
Day 1 0.166 0.161 0.128
1st
. L Day 2 0.179 0.164 0.156
mvestigation
Day 3 0.154 0.157 0.146
B 0.167 0.161 0.143
Day 1 0.192 0.212 0.198
2nd
. L Day 2 0.242 0.228 0.224
investigation
Day 3 0.273 0.271 0.203
Mean 0.236 0.237 0.209
Total mean 0.201 0.199 0.176

3.3 SA4H 7|42 83t CH, HiSAI+2 HuWEN
HEo BARHNE g oz mytho] 14

A g Aolgh= 71 stoll ARPE7] whEel 9 ot
27 g myTe] A9 dubhl AR 2 vn
o A WS ARESfoFgtth(Lee and Im, 2011). & A+
oM 37HA] SO R APgE CH, viEAS e
78S A7) Yol BAZE I SPSS 21-& ARE-o}
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Atk SPSS 219A4= A543 FANA Kolmogorov-
Smirnov®} Shapiro-Wilk S A3t}

37HA SOl Qg HiE Al 20007) o]stol B g,
Shapiro-Wilk testE A]¥ S} TH(Royston, 1992). F73
Aoz HEo] AHEEE UEL = AFHEYL ‘%
o] AFRES W27 etk S A8
on, §oJ4E2 (.050]ch

ojof W& A5t/ A= thx Table 70 HeERHATH

Table 7. Normality test of CHs emission factor by
measurement method

. Degree of Significance
Category Statistic .
freedom probability
Intermittent
. 0.902 6 0.386
collection
Continuous
. 0.871 6 0.228
collection
Continuous
0.976 6 0.931
measurement
Shapiro-Wilk test A3} 7FEEF], ALSE ], AE5=H 9]

fojggL 77 LAHE 0.386, 0.228, 0.9312 Upehgt
th. 3714 g o] fojebgo] W 005Kt 2 g UE

Yeu2g JFAHLS 7HX T ot morEch shRuk RO
7 ety o g 307] u|gtd A9 H|Ea FANEE o]
golo] EHAHET 4 QQoBF(Park et al, 2014),

Kruskal-Walis testS Eolo] AASH T Kruskal-Walis
testels 371 Sl CH, WEASEEL SEd g
ohe AR7RAT 37 wEe) CH, WEASREEL o
ErhE gErbEe ABegom, §o55S 0050l

A A, Kruskal-Wallis 2785A4)2] F-9J552 0.796
07 Q0|5 .05t 27| fro] ARIEL 7|48
A Bsl= A 74 o7 AAELt uehi] EAHo 7 M=

o] B2 CHy WiEAS9] EXE 203 B 4 9o
v, g 1“ 5\_7”\1“01]*1 AR A4, A&

} CH, Bl&A15E 95% AlZ|L7to) A 2po)7}t

weg & 9k
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