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Abstract

Quantifying the methane emission from landfills is important to evaluate measures for reduction of greenhouse

gas emissions. To estimate methane emission for the entire landfills from 1990 through 2004 in Korea, Tier 1 and 2

methodologies were used. In addition, five different scenarios were adopted to identify the effect of important vari-

ables on methane emission. The trends of methane emission using Tier 1 were similar to the disposed waste amount.

Methane emission using Tier 2 increased as the degradation of waste was gradually proceeded. This result indicates

that disposed waste amount and methane generation rate are the important variables for the estimation of methane

emission by Tier 1 and 2, respectively. As for the different scenarios, methane emission was highest with scenario I

that the entire landfills in Korea were regarded as one landfill. Methane emissions by scenario III and IV consider-

ing different DOC values with the waste type and different MCF values with the height of waste layer, respective-

ly, were underestimated compared to scenario II. This result indicates that the method of scenario [ employed to

most previous studies may lead to the overestimation of methane emission. Therefore, more careful consideration

of the variables should be needed to develop the methodologies of greenhouse gas emission in landfills along with

the characteristics of disposed waste in Korea.
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Aol AFE v|A W) F 247128
=7t AR S5l wel AT Jar)est
W 2o} A 5 A AAR R foFst B4
o AWstar 1k (Bryden er al., 2005; Houghton er
al., 2001; Karl et al., 1993). o]&1 8} =] F-2xt3}eA-e
ksl 24710 B7) 3 R AR
sl FAA oz 7]FwHEg e 2 BEHAME A
= 5 obAel g stx ok $2ve) o
Al 713 oF A o2, SAERS] W EE g
A, LATEA AAAAE Tgse F7FETA
A Eshedof sh 2AIVEA EE 913 =Y of
o} () B E g ok Adz, 52). =3 20059 HES
A 27} k&S 51 Post Kyoto 2} Aol gl o -xnchu}
Aol 2% 7 Selvehs A lETozA
o2 vt 2o Agsi A Sl 2ATES W)
% AL TS ok HAel sl

$Evtes o)Absteka: wi&Fke] A4 109 (2003
71%)e]n] OECD =7} 2 1990d div] wi&sf &

=7 7P whE S7kRA B SAVES el
FS AEs] Fetsta ol HEt AN L st
o} sich. 53] A7 EHFe] A%, o2 FLEe H
3 AV A7t AR Fe] & Aoz HriHaz

olo) Wit Ry} A& AR U= SAVEE W)
E5AAA7 279

T3F 7B QIZEe Fgell o3 “‘*HEIL FQ
3 AHA WEdoln miHEE AV EE vvhg
AANZ1e 7V Fo3 alew Z—Hol?{h:‘r(Kumar et
al, 2004a). Wg2 AF&33E dod)ed A

Q8 Qlxt2 o)AbBlgkie] Hlad] 2dE}R| 4} oF
2luH A% AW, 199649 IPCCol wham 47} 1~2%
Az 7] F9 vgkeke] Fvstx $lw (Kumar er
al., 2004b; IPCC, 1996). 3 wjPdA|o)A] w&H=
wigl wiZeko] #)7]|BHFolla ke AT
°F 60%E 2A|3} glomz mgA|ere] A7}
& &g FAL Aoz 1 Fele] AY:
g 4 (715 31 ok A 914 3, 2003).
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9k ofdel Tier 2 ARHE & | A8t glekIPCC,
2006, 2000, 1996). ¢l s Fol 4 = IPCCoA]
AA s M ES $4 - Bdsle] ohofat wuk )
% AP EE Agsla sleovt o)E 9iEE
QT 19w A V| F viFEE S 59
A wigAjel] v]HEE kg FAT Aoz 7+ wuj
Hxlel| wFHE=E 78] g AL shef-
Aaslx] 2l 9l AlA o]t} (Scharff and Jacobs,
2006; Bogner et al., 2003). =3} wRPEL= 759
A R iR el wel wiERE vk
ofe] Hel7} m==g oo #HI|E Aol AT
i 2S Tz Sepel A4slele AS BE
A%E =qE 4 U+

Sl mFA G g el g ALY
317) 913 cheFst AF-5o] £YHI 9loy 237
Ao RS A8 viHAE WAz Tier DY
o o3 vt wiEFE AR AY ASE B8 2
AZkA wlEgE Tl 4] FE o] F3lY
(Z73 R, 2001, 2000; A= BA A7, 1998). d¥
A7 A% vkt AA gL vt WS

=g ol

AL 817 = shgd .ot Tier 1o} &8} dgt v Zekule
A B R, o] A evtel wi¥A AAE sk

o) MRz st w28 Ay 2} )Yy
=4 wdslA ol BAAE AN AdsH@
7 o] Tier 2 uhgo] ojs) 247l W&
Aataal stgot o5 A oA AR )
YxThe WAooz s Ledet AAl WHAE
shte] wEA 2 7H5ste wiet wlzeke A s
A3 7 WRYAY B4 TS hAE LA}
2 wizge sjebslx) Taldeh (@A, 2006, 2003,
2002; g sk, 2004).
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A3 () ebd MSWie} MSWeo| F2 5
7182 & wigFE onjdd. dubdos MSWE
A 15S ofrjsh} £ dFeAs 247t~ )
% AE A8 A 7ERT ohvel AdA =
71E ¥ 2E W¥ dA7es 2330 v
AR <A HrE Al 9 A @A,
1991, 1990y"2} “AF #HA7E WA 9 M HIF (3
738, 1993~2005)"<1 4 wid=d wi=izk Apas o
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seldelel A4 o sme) kol (W7)EF 22 3.3 DOC

TPz ARz A8 e B ATYes unva DOCE Ashed 2al7h 7Fsdt f7)skaz 7]
of Ay nz WAty AN vt P4 T 2 AT WP DAY} Qom, srE AP

AR i RE s REte] BRI EE el } DOCe 715 HFA = AAAE & ik

o} mebx] Aol 23 wige] He vzt B A w29 o] e} #7118 A
714 A A AREe A e 3R & TRE BRsld 4 A S9)es) say
ol golstel 3714 Abeel FARHA = 1R e gt DOCE AMYSHCh olw w71 E A
F ¥4 At HEm 2 15} o] wjjS s k] Ag AR A E BARIEY
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we} Mz o2 S A Al sk A AR 2l s 834F 5 9o 23y 2 o
2 G ML 200437k lEER HYAU vl Feid: rlE2dFel ZE) 8718 AJArE DOCe}
g F el 2E XY YA JHE DOCE ¥ Esmal A4 A sy B d

FEs] & 1o AN Zhe 27 A st A& 918 DOC Auz B8Y Sl YA 0
o71% AR ”‘4Z}E(TE{“H‘%7~1’*ﬂJ"*}
Table 1. Application of MCF for different site type. 20042) 2 &-831e] DOCE AAbstIH(=
= (<] = his =
. 1996GL", 4| This
Type of site GPG20007 2006GL study
Top layer 3.4 DOCF
N(Ianagedb. ) (5 m waste) 1.0 0.5 DOCE B4 7Fsdt fristagate) A 13
anaerobic) b—v-w ——— ’ —
Lowerlayer | Lo MIEEA 1996GLME T Rgez 0778 AlAe
Managed (semi-aerobic) 05 05 2}, GPG20009 A= Bl stag 3l A
Unmanaged-deep (> 5 m waste) 0.8 08 08 % DOCFP/} 7B e2 05~06% A AL A
and/or high water table ’ ’ ' Asla 9)ot. vt o]# 3 v 7] B2 AJAle
Unranagedshlow 04 | 04 | o0s  BAYel AEE shisl gaes AFHm ol
- o) 2ol njE | 7)2 AR EA)o] A3 uledEz] &
Uncategorized 0.6 i 0.6 0.6

- p : ) s AR o] ek 53] MiHAE =49 #H71EH
IPCC, Revised 1996 guidelines for National Greenhouse Gas
Inventories, 1996 E]}\]/\E“"] T -]oﬂ "]3“ UH%":‘] 1?-/] Aé"c}ol 7%2;;

2IPCC, Good Practice Guidance and Uncertainty Management in E,]7] u]].‘.,__o]] u]]%z]u}-x:]- UH%E’IJ]] 7]%_0,] /\g »}ghﬁﬁ}g]
National Greenhouse Gas Inventories, 2000

I1PCC, Guidelines for National Greenhouse Gas Inventories, 2006 Hé 'C’q 7]' ‘5} ‘:}' D;]—E]-/ﬂ DOCFE UH % Eﬂ 7] %_o/] Ag }Bl—g

Table 2. Application of DOC, DOC¢, and k for the waste type in this study.

k(yr™)
Type of waste ( D(t)(‘:V ) (\?e?c‘;) —Tropical (MAT* < 20),
web 7 - Moist and Wet (MAPY/PET®> 1)
Paper 40.55 55.7 0.06
Slowly degrading waste wood 35.96 324 0.03
Rubber/Leather 58.42 1.5 0.025"
Moderately degrading waste Textile 45.61 38.2 0.051"
. . Food 26.64 51.9
Rapidly degrading waste Sewage sludge 15.77 122 0.185
Others 22.97 43.2 0.180Y

“MAT: Mcan annual temperaturc, "™MAP: Mean annual precipitation, ‘PET: Polential evapotranspiration

DThe values of Rubber, Textile, and others are calculated by the correlation of the values of IPCC and SLC (IPCC=(SLC+0.0666)/4.063, r=0.938)
1. IPCC, Guidelines for National Greenhouse Gas Inventories, 2006

2. Sudokwon landfill site management, Study on the monitoring and projection system of LFG and leachate from Sudokwon landfill site, 2004a

3. Sudokwon landfill site management, Investigation of landfill gas generation, 20046
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g 5% 71 A9 ke z AAE e 243}
Aom, 2006GLANE EFskA] @gtov} $elet
H7 Bl A EAF 279 HF, ARF, 71E 7t
9] 75 S=UFA ] FAH2004b)ol| A A A
g Aol 2006GLe] Z¥e IFEME B3 =&
A g A4stavh (= 2)
A AFstE o] k3t A3l HsiME 7ol
Bepw wjglr)gbe} Fa5iet nheby B dFelr =

TR 71#ANEA A 23 W A3
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H717k
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dEls B5e dfRAA BYHE ekt
£ 35ae] oUAZ B4 Flaring Au]ela
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Table 3. Scenarios for the estimate of methane emission.
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Scenario [ Scenario I1

Scenario 111 Scenario IV Scenario V

Disposed amount Disposed amount

MSW

Disposed amount

Disposed amount Disposed amount

of TLY of LL? of LL of LL of LL
DOC Table 2(T.L) Table 2(LL) Table 2(L.L) Table 2 (LL) Table 2 (L.L)
DOC; 0.55 0.55 Table 2 (LL) 0.55 Table 2 (1.L)
MCF 1 1 | Table 1 (I.L) Table 1 (LL)
F 0.5 0.5 0.5 0.5 0.5
k Table 2 Table 2 Table 2 Table 2 Table 2
R 0 0 0 0 0
oX 0.1 0.1 0.1 0.1 0.1
YT .L: Total landfills
21.L: Individual landfills
6
QY Aoz Ao 12 Sehtel AA v Pl 2010 = Sconariol
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e A S Ave|L 9= 2] 7 i giApd 2 £
A7 A W EeE A A" ZAE galksld = -
jas] 3.
5 500.0% 10

W72 QAL & dgt WiEFE AAakes etk
TR ez Aud, Ahdele 1= 7h s =el] =)
Ha A71E vt i WA 3R w7
A2 DOCE AAFsla DOCE: 0.558, MCF
2 F9} OX: IPCC A1AAJe] 7| R7te Aas)
ueloh Alve] e M2 Al g Fd3t
& 2433 DOCeRE wi g€l w71 82] Aol
g & 20 AAE g& A7 HEshe et A
vl [VE Ade]e el Abddxe] Wigzs A
dlof wel M2 ohE w2l ds) = 1ol AR
MCFgt& A43h wholn, Alve]l e VE Ahde
2 Il #7|1& AAol w2 DOC:H ti§l Sl nie}
A2 T2 MCFHe 2% A43she ueo|dh 24 A
gl e Tier 13} Tier 2] &3k A7}~ wiEsf
ARl B3 FdaA H4E i

Tier 13} Tier 28l 93] Alvje] o= AMATEE
AR MEFS 28 16 Ve e WA Tier 1
o AAAAS ArEd, Ae]e [~Ve] w&l W)
2] AAA 0w Z31e HHEI: HElE Rtk
AV=le ML AQsE Auele LIL IV, Ve A
199012] =t wjZefkr o} 200439 Heh v 2k
22 13%, 3%, 1% 383 0.5% A% Z715 Hem
veldor Aue]e 119 75 200439 wetk
Z3ol 1990l wlsl oF 2% A= FAaF} Rom

r1r rlr

1996 1998 2000 2002 2004
Year

(a) Tier 1

0.0+
1990 1992 1994

1% 10°

=88 Scenario |
.23 Scenario 1l
1 Scenario 111
3 Scenario 1V
7= Scenario V

600 10° 1 B

800 % 10° 1

400X 10° 7

CH, emission (ton/yr)

200% 107+

0k
1990 1992

1994

1996 1998 2000 2002 2004
Year

(a) Tier 2

Fig. 1. Trends of methane emission by scenarios.
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Fig. 2. Comparison of methane emission by scenarios.
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