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Property Analysis of Municipal Solid Waste and Estimation
of CO, Emissions from Waste Incinerators
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Abstract

Carbon dioxide (CO,) is known to be a major greenhouse gas partially emitted from waste combustion facilities.
According to the greenhouse gas emission inventory in Korea, the quantity of the gas emitted from waste sector in
2005 represents approximately 2.5 percent of all domestic greenhouse gas emission. Currently, the emission rate of
greenhouse gas from the waste sector is relatively constant partly because of both the reduced waste disposal in
landfills and the increased amounts of waste materials for recycling. However, the greenhouse gas emission rate in
waste sectors is anticipated to continually increase, mainly due to increased incineration of solid waste. The objec-
tive of this study was to analyze the property of Municipa Solid Waste (MSW) and estimate CO, emissions from
domestic MSW incineration facilities. The CO, emission rates obtained from the facilities were surveyed, along
with other two methods, including Tier 2a based on 2006 IPCC Guideline default emission factor and Tier 3 based
on facility specific value. The CO, emission rates were calculated by using CO, concentrations and gas flows mea-
sured from the stacks. Other parameters such as waste composition, dry matter content, carbon content, oxidation
coefficient of waste were included for the calculation. The CO, average emission rate by the Tier 2a was 34,545
ton/y, while Tier 3 was 31,066 ton/y. Based on this study, we conclude that Tier 2a was overestimated by 11.2 per-
cent for the CO, emission observed by Tier 3. Further study is still needed to determine accurate CO, emission rates
from municipal solid waste incineration facilities and other various combustion facilities by obtaining country-
specific emission factor, rather than relying on IPCC default emission factor.
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Stof] whe 7133} okE 9t {73 E
¢F (United Nations Framework Convention on Climate
Change: UNFCCC) o] A== git}. 3] =+ 19974
129 Qo] muoA AMHF 7)Fasiye} 4|34
G EH M e ol Akstala: (CO), Hsk(CH,), obit
3422 (N,0), S22 3heks: (HFCs), #H3haka
(PFCS), %2813} (SF) 5 6%2) SA7k: vl & el
A AEE Fo oz e wxoyME A
3}k (Song et al., 2007; Kheshgi et al., 2005). 2]3]
Alel] w2 2] 72FE=71el Annex | =7H= 2008~
20123744 A7k wiEEE 19909 W] s+
52%% +%atws sk ek Sk 13 9%
BT L A elE et 20139 2E s £al7)
2745 ReldFon NAY FFsAel ¥t we
Al ol FAIH el AAE] $EiAE =7t
FAZNA W &S A o] 27, Ut A
7k~ v EAGe] Ate] 23l (IPCC, 2007, Um
etal., 2007). 2] W A7k~ wWiE=F AR Al S
7Yarg-o] wlEEA 7k (country-specific data)o] -3
HA g3, FA7)F D Ax=7E] & AR AR
Z 718AQ W A wjEAISE o] 83t ARAsl
st 2y ol dh whyel A4 S 2AVEA
W&ol dg A= A7 7P A&
A F=ol ATzl & 4 gl wepr] BE=
7} A2 &S AR SsiAE Al 7] )
=33, A o, A A 9 Bgd
3 5ol gk AEsE AR ukedeo] 2% (Jeon
et al., 2007; Kim et al., 2007).

H7)1% Hof F HA7E 27l o] WAEHE
A 7}~= CO,, CH,, N,OZ 248 ¢lu}h 28y CH,
o] 7% HAel g2 oA AT AAE
21 (850°C o)A} a12ellA] 2% o4 AFAIN)E=
2tz A WA o] mlu]Ele o]2fdt AZtIA] e
A CO, il Ze] CHyl NORY o Fe3HA o5
Z|31 ¢lv} (Dalton et al., 2008; Korea Environment
Corporation, 2006). CO,= 7] &-2] AAkelzfel] o}
2A wlo] el A (A EA H 7] E) 9} A Az E
7118k 'R RAEA #7182 ER3ch AEA
H71 52 SAE2H], AE, Fol, v, TAEA
TAE, FAEA AL £2A Fo= FAE,
HIAEA 7152 EetaE 5o AdAd4eA, T,
I, A, 71el 7kdE 5oz A AEA )

sk 7] 3173 81 3] %] Al 26 W A 6 5

7158 a7toz Qls] HAsE COxe AAAANA &
A4A S B3l F3 Aol LHE Aoz 7HFse] =
7h 2ATRAS w Ewkel] 2FE A ok, v EA #H)7)
2o &a7tom I8 WA CONE =7 247t
&gl £33k (Jang et al., 2007).
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) ks F wElA H7)E ot A5
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NEREe] LAk W FS FHE Aoz o
et 53], 27bel] 93 o] AbshRkA: Wi A%
Moz Frste] A7)% Hobe LS WY F
o) Aka}ebAo] wlZn)Fo] 2005 42.8%¢] A 2020
70.1%=% =ZA o}z Hwo|t}(Korea Environment
Corporation, 2008; Lim, 2007). w}z}x] oAl A
F2 CO, Azt A o] $4 FAHehs Zws) A7)
7FeAel 2 FES A ez s7] uiel
A3 78 27474 A=A 35 COpell Higt

 ATelME w71E 4] CO, wiEF A
A Al 875 E COuMEASel a7 #7118 F A
Z FF vlE (W) A2 B4 F w6 (%)
= 24AAe] e r A en, 2006
IPCC 7}o]=2}ele] Tier 2aell 2|3t &=kt &
TFolA AWEEE 1f Wi EAeE 83 Tier 3% o]
g3te] AL 7E ] 2ATEE i EFE

QEEREELS

-

2. ALY

2.1 ZAICHE &ZEAE M H

A7 A= dFAe AT AL E &
& AAsH A 4 200 (100

€ 7)) tre] AZEIE A AdEA Hdny
| LA AEHE dTA ez Hrjozs

A7k of 15,000€2] CO& Artshs azti|Adeldt

A el AR 7] e WAAALS AR

(HCI, SO)E AIA8H7] $13F HbAA whgsh 4%

AL AA] 7 AR TRl At



2 AAE 9% A9H 29 Sohste] AX=e] 9]
o} (Ministry of Environment, 2009).

2 ATelA w717k F2o CO, v SAL wiE
P (ZH)AM 150°C o) 7Hdd Ala=3e At
A E ~EF (Jet Stream) H}2] o2 Algrts Fo] 5
S olEA oFtE HFe FHEFE A F A&
A4 d=5 F3 1l/minz gkste] “d)7] 24
TR (37, 2008)" & wlEAbH oA SAR
¥ (NDIR, Non-dispersive Infrared)& o] 83}t
NDIRS #sjdle] 7|24} AsAle Fastel 2%
7l°ﬂ =5 FAelA B4 she] AuF] F4

F RAEHI 2 o)A o AERAGE S4T
c} ¥ A7o)4 g8 NDIR A9 CO, A454
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2 9= 0~20 vol% CO,olt}. A5 A&Ata =
20063 &) 20094171%] 308 7t o= Z=A3 Aw

oltf. FF> 5354 7] (TVS05-TO1-H| =z22] o},
Korea)E o]g3lglemn ZAH2E= < 0~35m/s,
2% 0~600°Ct}. Ak s A =2 34 o} (ZRA02G-
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Fig. 1. Trend of CO, concentration measured in the object municipal waste incineration.
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o|AbElEk A wZEAM L |PCC 7}o] =&}ql (IPCC,
2006)e1 A A AEka 9l WEAISE 43 Tier 2a
of o3t wiEFT & ATl ANLet a4 wiEA
5 243t Tier 3viEsFE vlwsisich viEsg Ak
A2 7ol =akeleo| A AJAIRE AP AlE A 83519
om FAAQ wEF APFA L o3 2o (Gan et
al., 2006; IPCC, 2006).

2006 IPCC 7ol =glelo| X =A] 13H 7| &3
2x7tel| 23 CO & A 2] 7ol #71E A
AR T 5 =S ARAE AEsled AlAIE
o} CO, v & AA U2 Q4% 78 = 3ME
A el A F3haL, AbbEl BpAgkae] o
o CO= %Alﬁ AR S5 AlmE A7 R
o FE H7E
3 "agEs 9:} i B8, AEASE des g
t}. CO, vl 22 A2 4] (4)9} 7T} (IPCC, 2006).
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CO, emission (Gglyr)=
MSW - 3= (SW; - dm; - CF; - FCF; - OF,) - 44/12 (4)

o714, MSWE &7tel =4 7|8 F3
(Gglyn)el™, SWi= =A] 37|82 34 H&
(%) o]t} 2 AT M= Tier 2a9} Tier 32 ¥ ws}7)
918ke] MSWeL SWi= sl &7 Aol nf3ke

k=2t 7133 €3] A 268 A 65

getoleh A% 3 A% G &) dmt 2
T B F SaE (%) CF Tier 204

& Ahgalolen], Tier 3ol4: 2 A7
M AR e Agaideh F wa F A=
Bh4 4 (%) FCF= = Wb =% |PCC 7hol =g}
Q51 TRUE AEALAT. A E (6 OF - W8
oz Febdoz 2 A A% 29 100%s)
APk AbBHEE Belme B AFeAE 100% A
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3.1 M=o olst CO, HiEsE A HIER

CO, 5% AlZ2 2006\ 1E 200997k T4} =
718 a7 27]8] dAEelA wid 0% AL
2 CO, Hitz=et Adf3S Sl dukH
22 QI E £ 9 CO a5 s 242
8] A7} AL glol DR ASpee] W
A glel QYT FEEAE e Aoz 3
Q& 4= 9otk 18 1.8 A7 1, 257] dEA]
HE5HE CO, AS=s 19 H+ A5E el
ok 2ol A dubEQl Akl A Blojubs AaE &
722l v 5 7bgel FAHNA A ke
Al7)ell dAM oz B vt vehbe Ao
2 2T 23 2= 1,237 A5l A=
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Fig. 2. CO, emission concentration and flow.
Table 1. Actual emissions concentration and flow rate by each stack in the field.
Year
Stack
2006 2007 2008 2009
) 1 7.3 7.1 59 6.9
CO, concentration (%) 5 6.6 6.7 72 72
Flow (m/hr) 1 142 11,740 19,269 17,975
2 25,005 20,314 16,634 16,658
S 1 5 3,866 7,288 7,109
Operating time (h/year) 2 7,259 6,203 6,184 6,389
Emission (ton/yesr) 1 178 14,343 19,562 21,341
y 2 28,237 23,419 20,608 20,638
Total emission (ton/year) 28,415 37,762 40,170 41,979

035';'.3_ CO,

Neske w15 3
3.2 Mgy ge] AEHY bS L BoHS
A

Exdi = uﬁzwl Agsia A=A e A
Aol 7Ps7] flsiMe =] a4 548 kel
WEA S 2 Bgatae] 4ol e
A BA o) 3 A F Q] wl EA aagu}ca IPCC 7}

ol=ghelellA Hasta e Tler3 270 A3}
Wl Zek Ak o] 7}sEA| Foh 2 A= H7)E
W &g Aol et d97]E5e] 24,

224 9 A LA,

A P
£
0=
lo
Q
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AT A AEH7E 24 A A Ee
718 2AJ0| &} 2006 IPCC 7o] =e}gle] o}A]
of A A& 75 AN Lol AT ztv= 19
33 = 29} ot £ g 5% AVE T 2
71 Azeoltt B ATy a7elA A= A
g9 7] 82 =AN]E2 Fo|7} 2006 38.4%, 2007
J 40.9%, 20089 40.5%, 20091 40.3%= 717 =
< v S AAE o vhyow FekasE o] 2006
q 37.8%, 2007y 36.8%, 200811 38.0%, 200911
37. 7%= =9t} 20061358 2009171%] B 47HAF
oA M= A& 7B 2AWEE A W)
A S e o ek ofAlebA A o] AdH) V&
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Fig. 3. MSW composition data by percent (%) in this study incinerator (2006 ~ 2009).

Table 2. MSW composition data by percent (%) in this study incinerator and Asia regional defaults.

IPCC guideline (2006)*

Waste This study (Vishwanathan and Trakler 2003a, b; Hoornweg, 1999)
composition - - N
ooe wor oo s Sl SwhCewd  SubEsen  fetenids
Paper 384 40.9 40.5 40.3 18.8 113 129 18.0
Textile 41 30 31 31 35 25 2.7 29
Food 3.6 29 3.6 41 26.3 40.3 435 41.1
Wood 7.9 5.8 5.8 45 34 7.9 9.9 9.8
Rubber 12 20 12 16 10 0.8 0.9 0.6
Plastic 37.8 36.8 38.0 37.7 14.3 6.4 7.2 6.3
Meta 16 21 13 16 2.7 38 33 13
Glass 11 14 15 15 31 35 4.0 22
Other 43 51 5.0 5.6 74 21.9 16.3 54

* Source: 2006 IPCC Guidelines for National Greenhouse Gas Inventories. VOL5-2, Ch 2
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SRteo] omz HYE (%) = 37 19 49 3t
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esjh a7H A B QFARGlN Az TF, 34, $27)
PoA7)% 5 &4, Fol, BA, A B AT 27 100%, ol 78.6%, A 716%, L1 85.3%,

7] &k4- (Degradable organic car- gl 9084%E Hglom, SA1 5o 7%= 71

bon: DOC)E =3ah, A, Eekas, 3% #7188 wghe} 2006 IPCC 7he| =ehele] Folo} $41& 2=

< BAEA R g2

Ao 7|75 3514) A 269 465

A 75 F sl 9
g ’As I Y78 F vhagE v
AEA s} AEA 2

gheku)= 27 90%, 40%2. 2 AFA T el nl3)] vlw
A e 3 Wk £ A7 Az e =

25 3 Zelvh azbel] od AFRRE ESkAEI uRUL 47 68.6%<) 67.1%=
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Table 3. Dry matter contents, total carbon content and fossil carbon fraction of different MSW components.

Wast This study IPCC guideline (2006)*
e
composition Dry matter content Total carbon content Dry matter content Total carbon content
in % of wet weight in % of dry weight in % of wet weight in % of dry weight
Paper 78.6 39.1 90 46
Textile 71.6 48.2 80 50
Food 32.7 44.3 40 38
Wood 85.3 48.2 85 50
Rubber 100.0 67.1 84 67
Plastic 98.4 68.6 100 75
Meta 100.0 - 100 NA
Glass 100.0 - 100 NA
Etc 86.7 2 90 3
* Source: 2006 |PCC Guidelines for National Greenhouse Gas Inventories. VOL5-2, Ch 2
800 400
= (=}
=) . 2
‘T 100 T
= 600} 0 s 300}
g 5 68.6 (&
5 S I
£ 98.4 = |
Y — RIEER
g [ Glass 5
: | mis | L .
Jol 85 [ Plastic 8
b 38
g 200} o o B Rubber 5 100l 443
> 32.7 ] Wood B
a ] Food °
I Textile
0 @ Paper
This study IPCC This study IPCC

Fig. 4. Comparison of waste composition for this study and 2006 IPCC G/L.

2 e wolth el A 48.2%, SA1E 44.3%
Zo] 39.1%= FA}EQ)Th 2006 IPCC 7}o] =a}qla}
Hlmslel e o I (ET0E FAR ke et
Fehad] (15%) & tha R BagPs ugo

3 24JtA & v

AFelME =AFH7E 27e] CO, wl&3
q&817] IPCC 7hol =2}eloll A Al g8l vl &4
Agslo] AE A7 A w &k (Tier 28)3}
WA EA 5 W EA S A 83he] A
Hl &5 (Tier 3)& ¥ -4 3hsi e

4= 2006 IPCC AFAQ A Ao w}2 wA|H 7|2 4
Tier 2a9} Tier 3Wye] wi&aFS el

Iz

=4

7ot} Tier 2a¢} Tier 3 Wwje] Z47ke] wiEA 4
® 39] 2006 IPCC 7}ol =g}l A AA|gF HAzEA
St vhan| g 71830 Al 353k (plant-specific)
+ A8, 4 A 3 sas 5 3R 1)
£-2 2006 IPCC 7}o] =2}l 2] 783kl Fo] 1%, A
S 20%, €A1 B3} E)= 0%, LT 20%, STt
100%2- o]4-3}9] ) (IPCC, 2006). AF3lA| 4= 100%
2 A3t H7E 2AHE CO, &3 A3t
At

A3 718 a7l H7E A7 20064
25,461 ton, 20071 32,282 ton, 20081 36,492 ton,
20094 36,078tono.z Az} Zrlel= A= H4
o A4k #A71E 22 Tier 2awyell CO, v &3k
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Table 4. Theoretical CO, emissions (ton/year) of IPCC calculated activity data in the field by Tier 2a and Tier 3.

Waste Tier 2a Tier 3
composition 2006 2007 2008 2009 2006 2007 2008 2009
Paper 148 200 224 221 110 149 167 164
Textile 306 284 332 328 264 245 286 283
Food - - - - - - - -
Wood - - - - - - - -
Rubber 126 266 181 238 150 318 215 284
Plastic 26,467 32,669 38,134 37,404 23,821 29,403 34,322 33,665
Metal - - - - - - - -
Glass - - - - - - - -
Etc 108 163 181 200 70 105 116 128
Total 27,156 33,583 39,052 38,391 24,415 30,220 35,106 34,524
Table 5. Comparison of CO, emissions by theoretical estimation from 2006 IPCC guideline Tier 2a and Tier 3.
Method 2006 2007 2008 2009
CO, emission (ton/year) 27,156 33,583 39,052 38,391
Tier 2a CO, emission/MSW generation 107 104 107 1.06
(ton-CO,/ton-waste)
CO, emission (ton/year) 24,415 30,220 35,106 34,524
Tier3 CO, emission/MSW generation
(ton-CO,/ton-waste) 0.96 0.94 0.96 0.96
2 2006\ 27,156tonly, 20071 33,583tonly, 200813 45000
Tier 2
39,052 tonly, 20091 38,391 tonlyS 7] =sjglom, _ 4oocor M TeEa
Tier 3 Wpgol CO, W ZeFS 20061 24,415 tonly, g 35000
30000
2007 30,220 ton/y, 20083 35,106 ton/y, 2009\ =) 25000
]
34,524 tonly 2 A = ¢lt}. 2006 IPCC 7o) =2}gl o] _é 20000
7123k AFge Tier2awol A TRRE AHE E 1m0
gt Tier 3uphwo 2 gto= AR =9} 2006 IPCC 8“ 10000
Zhel=etele] 7Rkt wiwstel AxEA I 5000
Asrekglo] x =2 ZolH o =g} 0 A
shagrpzte] Aholrl 2 Folwel CO, whEarel o6 007 o008 2000

34.8%s Z o] with

Ak A8 27478 Tier2a® Tier 3ukiel] ¢
g CO, wiEsS 287] MeHFoz ko A
2l2 wlmsle] = 59} 13 5¢) A)A)sk ek Tier 2a
el 93t CO, HjZeke 27,156~ 38,391 tonfy
o2 nolow, Tier 3ulyo] o3 CO, wjZafe
28,231~ 40,605 tonfy ¢S Jehy i} 2006 IPCC
Tier 2a0l 23 CO, wj&eFe i 34,545tonly, ¥
A== 1.06ton/sH 7] EA 2] = (€) ol Tier 3e]
2|3k CO, v Ze2 3 31,066tonly, 7 AH9]E
0.95ton/+| 71 Ex] g2k (E) 0.2 Tier 2a7} Tier 3¥c}

skt 7] 373 81 3] 2] A 26U A 65

Fig. 5. Comparison of CO, emissions for measured con-
centration and IPCC methodology.
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