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Emissions for Energy Needs) 222 2%9 Z4as wbgdsxnh sje] A
mf g Ao e BA SRl witel, =ul WA A &str] AjpetA Foh &

ATolA+= CLEEN E2S FRdAvigx] Al wjgde 34 545 vrgdstd
el HAstE vig e AR ded ‘CLEEN K'Z /fAsidch wigx] g
DA FS A= Fas Alg F sl WE BA & g kE H7E 23
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Heke [PCCAA A= 6t 24A7IA 5 stUE A AA 247k~
i E o] oF 20%Z AAFTHUS EPA, 2022). A 30W7 wigk w5 1990
1714.5 ppbellAl 20201 @ 1878.9 ppb= <¢F 10% “F53FATHIPCC, 2021). =3,
Azr wg wiEFe SIS 1990 8.75 ppbelAl 2021d  17ppbE W

=2 Zrksta flow, wid SUkE=E A AA Jvklan et al, 2023).

AAsE o] Tyl F FUiE wiEE WES A AT 7129 0.5CTrHE sl
AR AR o FATdIPCC, 202D).
HZ 7153 g3tol daTY 24e S8 Ag Aol B3 A AAF
i)l F7kstal THIPCC, 2014; Dlugokencky et al., 2011). W&k tfr]eo] <F
1083 ARty izl S 5dolA ol 2008 7HA Al 7l o]akstghaol Hl s
AA, 208e sFoE  of 80u], 1008< sFoE  of 30M] 723
EAZAE S 7FA 3 JTIPCC, 202D). wekA, 7] F W' 3EE Aiste
AL ojxsletiArntt 7|3WM3E 93t §77F ] 3 22+ o]tHCollins et al.,
2018).

2021 MAA A2 71FHEE GAEE3)(The 26" session of the
Conference of the Parties, COP26)ellA+= -¢eluets 3 1057H=0°] =
AAANA  wEsHs Wg WEFS 20309712 20200 oib]l Ha 30%
=sls 223 wE A 9KGlobal Methane Pledge)’ o ottt o]
A a3 RUBEHES fdiAe T8
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4 o] 9IthNisbet et al.,, 2010).
B e BAARe X Rds Ve E 247t wWERS
Ho g 4EdE HWEHS 24712 dEZ S
gtoh(Eggleston et al., 2006). ol#gF 247l JAMEDZ = &5 AE(Activity
data)e} wj=A4(Emission factor)g o]&3te AAHAT. A5 AT,
b2, AEY AAEH 53 e 2AVIAE A= A BFY FAARE
Zat, HWiEATe 99 g5 T wEEFE ALFEse= A, Gg
CH/ZA A7k AHE% m)E L3i)
Fevtts 247 FRABAECA dd ‘=7 2ATE JIME
X v A(National Inventory Report)’ & Wztsty =7} 247l QJAHEZE
S JATHRA 72 S RAE, 2022). =71 24712 AWED] RuME

7|l 3 AR H o A(Intergovernmental Panel on Climate Change,

IPCON A A= <=7 L4712 QHlE e tisk 2006 IPCC 7Fo] =gkl
(2006 IPCC 7Fel=ghel)’  7lol wel AAH v 2023d 71+ 7H8
FH o E3kE 2021 =7} Ayl oMlEZ RiA’ o 1990 EE

20199748 F7h 27k AMEE Jusk 55 ok T LAbs
MEe] BIAE WEF AR7A 299 AAAR] BRFEE, LA
MEY WsE 440 sefsitd WA Atk wed edts 2%

Ao wHE woksly] dete] AQARE Folm WL =l @
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B Rl ZIRkgE dgetal S4FQ wg QWlEZ 7 A oo
SFcH(Tchepel et al., 2012; Celho et al., 2014; Dias et al., 2018).

e WEEFS I7F 2472 JIMER HuAdA HZE HE, WA,
7l AW 2E, ddrts 2% REoer FiEEHo AMAHI A% O F
H7lE wiyg FE2 AA wg wEdFe] 285%(7,732.24 Gg CO; eq)E 7+
B BESE AASL ATHEATIE FHARAE, 2022). #HZE OWH

L=<}
FzolA W' ME@dFe derts A 23, fygA 5ES Y S

flo

o
of m

He wiEd Ariez @yt o), HilEd Afto] S4zo=m
o] 2|7} A skt Huber-Humer et al.,, 2008; Robertson, 2017; Qin et al., 2022).
et BEZQ Wg viEd #HE dsiAe #HrIs wEel Y3 wWg
WE A7t Ao & Havt UK FHH RANE], 2022; Kumar
et al., 2004).

Ao wigE #HrES @718 AHEddA wd=ol o] &l E o
) B7F2~(LFG, Landfill gas)”} &AYstAl Hdt. wlg€dr7lxs wE, A2
b, e SoE FAH flew I F, WEe oF 50%E AASHA
JTHEKlund et al., 1998). =7} 2472 QHED HIAMAgA= wFG7ls F
Hgko] A steE s WE FAAFOE Hosta Qlth(Eggleston et al, 2006).

g7t wlge]  FEE  olFdE Ho  100d w9k LAY F
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2 oJ(Huber-Humer et al, 2009) #H71& wi@A|oA A= v AAFS
A gs] vhotsta #HelE QU S

=)

He A #Hrls F @71F R 2 vted =dERYH TAse BE
wg WA FHCHy generatedolgtar st wWgk JAF F COE
st A 2He T FAeHe I-Fe AT e d"
#(CHy emission)o]gtar A o] dH(Eggleston et al, 2006). = 7E
Aol A ] wWg WYFS et He Y A Y mds &89
Wol Stk #H7IE gAY e BT FA EJFE ), 1Hol

FOr= WAy B, sudbgew FEAG. FF A WES

2 2 i Z
ol o e
flo

2B
i N

A dANAM A 2R, o] 24
AR wWE Ttz BAFES HF FHste WHolvkele-4, 2020). Al
Slolgtax st, wigA|o AZA - EEHO

ZREl wyrte AdsE AJEoA BgEHe HWEtE e
ERZANA THHA ge WErtEs 7t HAlE
ATt olE #/ESH7] kel Jhz wjAlEel olaT]E

A2A7IH, olF Thx HiAly BAYE Ees ol
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AtolE BHEte] 7] FoE wiEdETh ol EWRAEFolHa e,

o] X FAA s AW (flux chamber) AE oz
SAHAH =AM B A A FAE, 2022, o], 2020. dAF =4 YHS
AlFZe] Ak ™ol AR Js] uFEA HA wWHA dE] F3EH

=
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Rds Z8ste] wWeg WAFS FAsE WHE LandGEM  (Landfill
Generation Emission Model), CLEEN (Capturing Landfill Emissions for Energy
Needs) Go] o, ol& H7E &3 £5& 1a &3 W32 7HAst=
%% =4 FOD (First Order Decay)& 7|Wto.2 3ty FOD =92 [PCColA
Ao, AAHFC=Z Wy AR5 a1
ATHEFAE, 2012). FOD 2d2 #H7lE wdH, Wy #Hr7ie A4, AE 43
A7k, B3 713 7] eka(Degradable organic carbon, DOC), W& WA 4=
Fr®E d8¥TE ot g By FS FAY DOC= Asierzio g i)

= z/gdol ZAste] A"
DOCE W 2 IAFLpe= HdFE 4 Jrh. [PCCE FOD =g

e
=
e
ol
P>
o2
2
5
o)

7t

i‘.,
N
il
)
Jo
N
e
b~
il

13
ol
2
A3
N
il

28t don, 24AVFE FAAHREAEANA IR & tis] FOD =doj
£ & A= CODSY} ko =7k f+ wiEAITE AL ATHEF=SE 3,
2017; o] ¢¥ 5, 2009; Eggleston et al., 2006).

LandGEM =€ -2 EPA (Environmental protection agency)ollA #|<tsto.H,
FODet &g W &z A A g #@rlee] A4S a#shx ¥on,
Hr7lE wg#Eves Wy SRS A4AHT 5 e Edolth. LandGEM
nde AAesld zde& wE wdz gzl CDM(Clean development
mechanism, FANLAAD) AbGelM  wiHAE B7tE W @o] AgFHL
ATHelEE 5, 2009; US EPA, 2005). LandGEMoA A& 7]1E AS<
Lo¢t k= LandGEM == oA wiygx SR ERAAT] AFH
o] g 2] (conventional), Az dlHA|(arid), 52 wlHA(wep)o| we} et

Ak o] 7}53cHThorneloe et al.,, 1999; US EPA, 2005).
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AgATtel m=d, ti7)e BEF 2571 S7kstd wg kst
2= wg WA eFo] Z7)tai(Tecle et al., 2009), 7-$-#o] Z7}38}

FE /MR Wg BAFo] SUFeAtHSchroth et al, 2012). ol &=¢
Al wet wAEe og #HYE & £=7F gebA wErbe Al
2ol 7} ¥WAYStr] wj&o]thi(Chakma, 2007; Alvarez and Martinez-Viturtia, 1986;
Mehta et al., 2002). wehA wWigh B &= A ke #Hrie 74, 44 271,
FE, &5 pHol 9%S W=thBarlaz et al., 1990; Machado et al., 2009). ¥ xt
EG 2y mygAe dHF R HrEs %ol 9 BES 9] wEe,
7] F 718 2o MEA A A BEY ndEe & ¥ = 7
ATHGebert et al, 2011). 7]£¢ FOD =93} LandGEM =Rde A< kE
YA Ao e uAFS F8&sta dnh 7€ Ede nAEe] EEo 2

GFL VAL eEs P& LS /1Y EHS mde wIT 4 glol, =y

ik
ox
e
i

(2
£ B

ol

EY

Ades AA W ESF g zer & A2 FFHchDelkash et al,
2022). =g 7] Rde A @l HUE WEES fgEdol Az Ww
DA Fo] AHFET] wiEel, Mg AZF FRAA wslete we DA FS
getdr = gloke AZE o webd Ag s o WEA wg BAE 8-S
AqAe 2= ArEges wgstd Wy dAFEE AAFse A
g g slth(Karanjekar et al., 2015). 53], f-gjviete} 2o] AMAIA we} 7|23
7 o ] Wslte] wet ujg =]
Z

b FRE EHE e Ade o=
¥ BT WSk ool mek WY FEL AT AT wg 2P

=

3
< A&l 714 5A4s Este] widEA wg JMEZE AT et

o
oo

LandGEM& 7MAg 2d=2 gz 259} Zrgds wYgste] #8Fs A48

% SltHKaranjekar et al., 2015). 7] A4+ CLEEN 24 #=& 98] 234



oA mES] HrE Fof ¥s Adde T oAy J1E =3

il

H7= & F=o gk #AAES Esth. CLEEN 2d2 &g A3
AdE Edz 7Y 2o wE Wy 2 £E g kE &5t Wg

A ES A3, AT CLEEN 2o A A&t
ke wl=, ueh, ojx=gkd e 114 wigA 545 wdste] 4=E637] i
=W wHx] ol A-8str]ol At gt

uebA, 2 d7e Il wiEA e HRd AdE 1 S 9T
e BAF A IHS AASA, CLEEN 2ds Jfdste]  f-Evet
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e o SE 45
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FEAMHA = AAFIA ATl A8, MESEA, AHFHA, F71=9
F=d AY 648 AT TN HiEEs Hles AYsta do.
FEANPEAE Sl A Re wy"A=z F e wEAeE A EH
Atk I F, Al Wy 19929 2€92H 20009 10€70A 409%F m* F-A] A

% 2519 m WHo] 6425% Eo FHrIEe]l 94 WP PHoz wiPHUA
MAAE 45m AR F 9ol 05me] HEZo & B o
o]Fold glow ol7h 40mel o]Eth WY FE ol F wlPAA WAF:
fJrt2s ERFEY wiFdrla AL Aol 50MWe BHAIE FI A
Az ALET QUHGEAMARBYTAL, 2021). A= 2y Ao
Frolat 4y HE Yol 20008/L2 Al 19, AR WHo| 251

km?2  AlA 69E At o], AARecER: AYd FRE AL

2
o
T
o
il

N

A THStatista Search Department, 2023a, 2023b). =HwHA A1 wjH Ao

=58 (E D3} 2o

7] & Hke) =y ol H A ] B =
o Z== =] 3l 2] al
P L B B I N s e e
19923 2¢ -~ A48 YA 40m
9 2 | 409 km® | 2.51 km? 49511
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2.3 MydA dF =4

oo
o
3R
)
N

ANST gtk B mUHZe w@stze Fo mEFd wEslo s
AdA WES FAsy) g8 AdE=z @3 2He AP w@ss

=
il
oM.
il
rlr
o
X,
t

A, Zhz=i Al FREol 4z, gt o s FREM FHIES
dd AW(dynamic flux chamben& AR&3d. AR 7 AFE F3) 7|0
A A7 A 2E AR i ARE FEsi e, 2005 thgh
AE+= HolE7E gle BAE 20063 78 20199714 Al-E wigr7ts @ =

AN7IeE S 28 =AAR e (&F D9k 2

<3 4> 200519720199 AAE vyt A 24 A7) R MEAE=E AR

MEAZE ZAAE 5
A= | A" | =4 A B TR A LT
GAEY | qroaas) [ A | 4% [ Aw
2006 | - - - - - 1 - 1 -
¥ | 426428 1 17 3B | 21 | 12
oo | AE | 8384 1 1 3 | 21 | 12
e | 10.27-111 1 1 3 | 21 | 12
Ae | 122671227 1 1 27 | 21 | 6
¥ | 520523 1 1 20 | 12 | 12
gy || 824825 1 1 2B [ 12 | 1
e | 1L7-118 1 1 21 [ 10 | 1
Ae | 122671227 1 1 21 [ 11 | 10
2 5.6-5.7 1 0 9 | 8 | 11
oo |_E | 8687 1 0 20 | 10 | 10
e | 10.16-10.17 1 0 20 | 11 | 10
Ae | 1218-1219 1 0 20 | 11 | 10
% | 525526 1 0 21 [ 12 | 9
2009 | ¥ | 8485 1 0 25 | 15 | 10
e | 1167122 1 0 2 | 15 | 8




& 10.2.3~2.4 1 0 26 15 11

= 6.3~6.4 1 0 27 15 12

2010 A& 7.8~7.9 1 0 27 15 12
b= 10.12~10.13 1 0 22 15 7

A& 12.14~12.15 1 0 27 15 12

2 5.5~5.6 1 0 16 6 10

2011 AqE 8.25~8.26 1 0 14 8 6
7t 10.6~10.7 1 0 20 9 11

A& 12.1.10~1.12 1 0 26 15 11

2 9.21~5.23 1 0 27 15 12

2012 o & 7.31~8.2 1 0 23 11 12
71 11.29~12.1 1 0 15 6 9

& 13.1.29~1.31 1 0 25 13 12

= 9.7~5.14 1 0 20 9 11

2013 oqE 8.14~8.16 1 0 23 12 11
b= 11.22~11.23 1 0 15 9 6

A& 14.2.7~2.14 1 0 23 11 12

= 5.21~5.24 1 0 28 19 9

2014 & 8.13~8.16 1 0 33 21 12
7t 11.10~11.14 1 0 38 21 17

A& 15.1.22~2.4 1 0 38 21 17

2 9.21~5.27 1 0 39 21 18

2015 & 8.6~8.12 1 0 39 21 18
71 11.6~11.24 1 0 39 21 18

7 16.1.11~1.20 1 0 39 21 18

2 9.17~5.23 1 0 39 21 18

2016 oqE 8.6~8.12 1 0 39 21 18
b= 11.6~11.24 1 0 39 21 18

A& 16.1.11~1.20 1 0 39 21 18

2 5.17~5.23 1 0 39 21 18

2017 & 8.8~9.1 1 0 38 20 18
7t 10.31~11.7 1 0 39 21 18

A& 18.1.19~2.9 1 0 38 20 18

2 4.13~4.20 1 0 38 21 17

2018 oqE 7.18~7.24 1 0 39 21 18
7} 10.19~11.2 1 0 39 21 18

7 19.1.24~1.30 1 0 38 20 18

2 4.17~4.19 1 0 39 21 18

9019 oqE 10.1~10.17 1 0 204 149 95
7t 12.4~12.19 1 0 205 150 95

A& 20.1.14~1.30 1 1 205 150 95
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2.4.1 CLEEN =4
CLEEN =& vigz|e] #Hr7|2d HArie A4 o 714 S4E&=9
e d¥ste] wigx wg By FS FAs= mdo|tKKaranjekar et al.,

2015). CLEEN Ed2 d3d4d =3olA 38 o8 7144 =0 mE vz

Al &£ A K AP e WA () DS AASE kol mIE A dA-
ZAE HEE35te o] & BHASI= FouE 4 st= WA (4 )& AHsta, ke
FsuZ &3 Kis E85te] wlg BAFS 4H4sth. CLEEN oA kS

Log,gky;, = —3.02658 —0.0067282R°+0.069313R+0.00172807(R X F) 1 |,
+0.01046 7— 0.01152F+0.00418 TX +0.00598 Y A

we A L5 A (g D)
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By
1}

A B = (mm/day)

CLEEN mde (& D3 (& 2)2 4% 259 AadFo W& ko Fas
g8l A=k BAH Knens AHESI wig ST FAO 83
CLEEN R "o A kiaaE AHA3I= 22 (4 DI 2o

K ficta = Ky X Fgrr (21 3)
kpa = 7128 24 2708 wrgdste] 24 k (yr)
ki = (A D2 2458 434 =449 k (yr)
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CLEEN.k =49 F=& ¢ste] CLEEN =d9] (& D& o]&3}]
SHwEA Al FAY 2xe A 2o g ks AT kol
SHvEA A 5AHS wgstr] flete @ SAFES B
AT Kocwa T 71ZEAIA S WlE DA RS AHFSkE wigA HrlE 1A

B3 2 (4 5% kel 9F Tz WET WA (4 0L AgITh YA

katttu al  —
(year™)

M, =i ARl WYE )=
L, = Mg T FA FHm’Mg)

(4 6) Qy Bl AAE F=AMHA Al Py dF

AN

cES

o

o

1)
et

¥, olE 7 & RSt kiaE AT OlW Kinas AA WA
ARoNM FHHE vg B £ A5 #890.01 yrt o~ 0.7 yr) W g

AF&-3F tHOonk and Boom, 1995; IPCC, 2000; Karanjeker et al., 2015).



3 SATFS ddst] AR ADE ks B SAF AEIF As
712kl WA ARgol Thsstth Al wiRAY dF SAFS AHE=
TEHA Kaewa £ ALEE S Jhssith. @4 SATZ] fle 713l
tate] kol MEA B S4e WIsr] st Kewaes 7IHFCE
Fsuxs M kKeae 5 HSE, AFE 78 A5H$E S92

O Ad3AE Tl =8 W8 Fuel 8= (4 N3 2o

bprw = TEA VR ZHTS JHtow AR 1z wg WA Ex A
(year™

iy = (2] DE A E AP 20949 k (year™)

T=Ad H4 2% ()

R = A& B+ 5% (mm/day)

kepe AFIH Ao Foy® EASHY HIHo= s=AvHA Al

e wg vy Age ALHE kgE (2 93 Lol HART kgS

Koaj = ki X sy (21 8)
kay = 7123 e 27L& W98t BAH k (year™)
kap = (2 DE AR AFA 244049 k (year)

Fspy = HA A



2d el AbgEE wEg A SRS sEdMEA AL @ ge
Y SATFE e ve TAFS I YA 18.0 m® CHiton&

1’0o (ool
ARgsE R T (A 9], 2012). CLEEN_k =22 AdYE kyg7F tbE5o] ARE
e BAFS A= F o AFE vd A EFES BE @ A de

k ML Ruis (4 9)
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i=1j=
Qe = MIEA HT WAEF (m/year)
n=m8= 717 AL dx - g AZF dx)
My = 1% jHA 271 g #H7EF Mg
kg = AR 13 wg B &= A5 (year™)
L, = g 2 A FHmMg)
ty =1 A= 4% H 71 & FMo] jiAl B71e] A3 Ax(d], 33 187
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2.4.3 FOD 29
IPCColl A A¢ksl= FOD Edle #H7|E9 1z &) w¥te<= 7Rtz
Y FES AT FOD 2de miygd HrlE &3 vidd #H7is W 28
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7]1=(Degradable organic carbon, DOC)¢] && 7|¥te =z HI7|E&E
H3ale] wg Ay A 3 th(Eggleston et al., 2006). #H 71 & AAE
DOCe} W& A &5 FFMe 247l SFAHBRAHANA AAS= 171
vl &A= 2} 2006 IPCC ZFol EgtQl ol A] A A &= 7B g<
A8t A oHE= 3 F e, 2017). FOD 4H4 212 (2] 10) ~ (&) 13)3 2t



XFXE (2 10)

,decomp 12

CH,generated = DDOC |

DDOC,, = WX DOCXDOC, X MCF' (%] 11)
DpOoC,,, =DDOC, +(DDOC,, xe *) (4 12)
DDOC

m,decomp

=DDOC,, (- ") (4 13)

CH,generate, p : TAE] AY3F CHy, tCHalyr
T3 g AEds

x: #H71E 7HE g A3EE

F . vjR@7F2 W CH; ®l&, Fraction

DDOC,, , : TAX wdHd #HIVE T F7|do=
tClyr

W, TAZol vjdE Hr)| &9 3, tWastelyr
DOC : WH¥ 8o el 7hsd #F71¥4, tC/tWaste
DOC; : ¥ 7Fsg DOCe| Hl&, Fraction

MCF : v dx9] 57|44 E3lo oigk CH, 234 74, Fraction
DDOC,,,r - TAZ7FA] wlGA(SWDS)el %2 ¥ DDOCm, tC/yr

k= wEk By &5 A< (year™)
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s
off
e
g
@)
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1o
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2.4.4 LandGEM =¥
LandGEM =2 mjgd&wto 2 W A S 443t LandGEM 2@

ZAZd el HHFES FPF AFAFAA AAEE ASF gHk=0.1 yr
Lo=18.0 m® CHy/ton)& At83t4h(ardF 9], 2012). AH4 2L (2] 14)9} 2t}



n 1

M,
Qe = D D kI ( 10Z Je " (4 14)

Y= 1=01

Qcy, = WME7E TTAF (m’/year)
n=9H7|& Wygds

k=g 3 &= A4 (year™)
Lo = v ZA) 248 ZH(mP/ton)

M= 1 dxe] H7= wf Y ZHton)

f=idse] MigE AZE jHA A @ S, 32 D)
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311 F=dHiEA Al WHFA Kian, Fsu, kag AH8 A3
kS AHHEE A2 (4 Dol S=AudA Al MLge 14 =45
Hr7lE 24 &S BYsty AR Al MigddY A-DE ks AHHSATH
AR AT kS 259 A wel Az AEE 025004 2.2 HAE e
AR UeRT kpe 257F =55 FUbeta, A2 10mm/day7tA]
S7Vsttt, 1 o] Al sl e oAl ZAsteE s Bt JFFE A3t
Kape L1GA 2 Ato]l9 Zbes Yerl™, &3 7FeZ9 A7 ke 0494 1.3
Arole] FhE, A At ke 03914 0.5 Abele] s ZHeth AlEE K
Wm An dgdel ALANT o e W B4 £53 sAE e
FAAT. 723 o mE AAE ke <28 DF 2o
(@) 712 vs. kjap (b) Z2F vs. kiap
2.0 #R | 201 .'s-?.-
'?0 1.‘. ’ :

7’?1_5_ . 15 4 3’ e Spring
E o °® ° ° e Summer
\2\ 1.0 -: : 1.0 1 .i‘ =l

2 # / e  Winter

0.5 o ° ° 051 e
° ° /
0 10 20 0 5 10 15
T(° O P(mmy/d)
<a9 3> A 2w} Aol mWE ky, W
(@t 712(0C)d W& ke ¥ (b AFdFH(mm/day)ol WE k. 25 JL & w7k Je
52T 22 s, g3 2L ALS UEY
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F=AMPEA A1 @G Fae (3] 6o 3% =AHZFS ddstd
Kacae AR &, F=AWEA AL wfgddol] dietd AA-HE kap? Kocwas
Zgate] (2 DH 22 FEE Fous A8 kawa©ll el 259 o i

T A¥ IAE IPsto 2= A 2
A2 Kaewa D SH TGO de= B¢ A 3
AEE Fox 74 334 (2 159 2ov, dd oF Agsy Ay R
0.83& Zt=

Fyp = —0.002677— 0.00151P+ 0.08893 (2] 15)

T AAd B4 &= (C)

P AA H4 25 (mm/day)

Fsyp BA 2

TEHWMHA AL P g dAFS St K B9 Kt
FsuuZ ol &3t AxrdAt, F=auygzl Al wiggdold BA" kge Azt
0.01014 0.06 Atole] e zt=th o EH AL ks 0.013914 0.04 Ate]o] e
e, 33 7FSE 9] AT Ky 0.025004 0.06, A&d AZF kge 0.02590 4
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312 vigk WA g Az
CLEENkE olgsfe] Feadvledx Al sigae wg tade 45
Az 1992d%E 202237449 F wlg HAFS 1108647 F m’E FHEIA
FEAMEA AL AP g BYFS 19929 WY AR olF HH Frtsink
20004 109 wigel £E8 olF FH Zasts FAE AL A=¥ F o9
o

T FmMYY A9 oinl wg BT SLE%S <E >3 Lo

<E 6> e T v AN Ad gib] S3E

a= | %(I;%P)*ﬂ% %(%% A= L %(I:.%P)*g% =718 @)
1992 1,573,068 - 2008 33,764,480 -5.19
1993 12,596,370 700.75 2009 27,795,870 -17.68
1994 34,461,580 173.58 2010 22,779,750 -18.05
1995 43,729,880 26.89 2011 22,552,910 -1
1996 65,365,410 49.48 2012 18,468,950 -18.11
1997 80,263,090 22.79 2013 16,734,240 -9.39
1998 77,288,420 -3.71 2014 16,332,820 -2.4
1999 89,661,210 16.01 2015 15,169,580 -7.12
2000 85,150,780 -5.03 2016 12,402,730 -18.24
2001 69,166,040 -18.77 2017 12,956,680 4.47
2002 69,964,380 1.15 2018 8,944,680 -30.96
2003 61,661,860 -11.87 2019 8,022,620 -10.31
2004 54,430,890 -11.73 2020 7,870,715 -1.89
2005 47,169,470 -13.34 2021 6,424,254 -18.38
2006 42,568,640 -9.75 2022 7,762,733 20.83
2007 35,613,120 -16.34 - - -
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(B2 24.2C — 232C, ALAd 11C — 0.7C) EAH7 ALAH HA

FA
AdFo]l rAast (B4 3.8 mm/d — 2.7 mm/d, AL 1.09 mm/d — 0.19 mm/d)
wE day ko] A% Aoz AT I 20229 W EF WAy EEe [l 6,424,254

m® the] 7,762,733 m*= oF 21% Z7}slTh olE 20229 o EH T 9w ko)
% 3 mm/dell A 12.3 mm/dZ F7}ste] 2o ko] gk whajako] A H Ho T

d

e
o
oo

AP A Al mgFgelA e F4 717H20059 E ~ 20199 AL

Ly
e Y F ovg DAFEe 374075 H mlez dElyt Y% 73t F

~

A Sy
CLEEN_kZ 44" & weh B egke 294,107 d m’2 FA %o CLEEN.k 2d<
g83 vg SRy dF SAFHY Aole oF 21% A= Aols RHRIth
FEAMHR Al P AME v A =4 F9 CLEEN k2 4Hg3 v
RS (E DI 2o



7> FEANHEHA A1 @A AdE d4 4% L CLEEN_k 29 AP (49 m?)
J= | A4 | @9 249 | ClEENk | 9= | A4 | 8% 4% | CLEENK
2 | 15564950 | 12.640.404 E) 1,492,350 3,494,378
woos |_TE | 14708827 | 12326637 | . [ % | 5130601 5,359,782
1S | 15165823 | 10,608.931 he | 4.217.940 3,403,326
Ae | 16095771 | 11,593.494 A% | 3460166 1476752
B | 12455909 | 10,542,208 ) 1502.825 1168481
wog |_TE | 1780307 | logrrass | [ | 4902553 4710,007
Ve | 12242089 | 10.670.455 e | 3.767.881 3,636,837
A% | 12093545 | 10,378,480 Ag | 3071611 3.817.498
2| 13849432 8,550,337 = 3,055,333 3,996,791
o2 | 11,689,629 9.728.454 o= | 3447895 4.864.229
2007 2015
e | 10385174 8.035.815 Fe | 3020973 3,165,346
AL | 9430557 9,098,514 A | 2,704,492 3.143.214
) 8.122.282 8,519,620 = 2.708.257 1.911.927
d2 | 10.277.204 8736527 2 | 3,322,066 4,565,801
2008 2016
te | 8238778 8,405,890 e | 2,392,934 3,443,544
A% | 7679028 8.102.444 Ae | 1875991 2,481,456
) 7.450,991 6,482,956 ) 1,684,140 3,259,531
soe | AT | 597L0T8 rog2dTL | A [ 2600379 3,876,876
he | 8489500 6.767.313 b | 2524020 3,386,237
A% | 6405528 6.563.127 A% | 2985244 2,434,038
] 6,368,622 5,494,772 ] 3,315,737 905,906.7
2 | 6,534,064 7,713,786 a2 | 2106221 3,764,178
2010 2018
be | 6962343 3,327,568 e | 2053012 1,785,722
A% | 6,052,970 6.243.621 Ae | 1917018 2.488.874
= 5,685,398 5.123,742 = 2,031,394 2.447.712
sy |_AF | 5640159 5052808 | | A% | 1864623 3,095,229

7t | 4,894,864 6,284,470 re | 1,760,728 985,449.2

AL | 4938274 6,091,890 A | 2017722 1,494,230

= 5,167,875 5,065,735
o2 | 5540282 6,670,492
012 oy e 482,780 3.122.634 i
Ae | 4,346,960 3,610,085
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1992358 202237k AA 713kol 488 CLEEN_ke| & wigk
A e 1,108,647 A mlolx, CLEENS % vl WA &L 1165788 X m’=
CLEEN ®mdo] ¢F 5% =A AHAst= AOo=E Yerstth. CLEEN_k¢} CLEEN =9
1990 84 wiE AJREE wWgk @Al Frhskm, 2000 104 v o

N A

e

TRE olF AT FhsE FAE EAth o F Ed BT dg G
Ao 1z Ba 4l wte g sl wgk wbgeko] HI|E o] &3}y
g Zolth wlg 3P 7)z+1992d B ~ 2000 7}2)9] CLEEN k mel& =3 %
Wek gEre 442592 H mPz CLEEN =92 k&3 dgk 2= 677,660

m’Ech o 15 ZA A& Wk, vy FE 0]3 (20009 AL ~ 2022%
72)e] CLEEN_k¢ % W& gk 666,055 H m*= CLEEN =dl& &3 %
wgo] WAjEF 488,128 M m’RTh oF 14u] =A 4= ok CLEEN E'_H‘O]
CLEEN_k == wls| wjgdo] Y= Foto] wier TAFES Ao FH L,
ngo]l T8 ool i FAHIE o2 yewth m=%, 7]$9 CLEEN
2dS 283 Ax= CLEEN.k 29 dn] =9} Zgo] wE WsAol =2
Aoz yehytth A 717k CLEEN k 2d2 4H&3 me Ho Sy ze 25842 A
m’= 1999 7}So wAYstth CLEEN a2 =3 vlgk Ho Sy 45813
A mPzE 19953 oS @At CLEEN =dg 243 Ao dze
CLEEN_k =d2 g Ho Aol ws) ofF 1
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<E 10> FEAMEA Al EY 2ddE A

N @ RMSE Bl (9 d md)

TE CLEEN_k CLEEN FOD LandGEM
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(19923 ~2022\3) B T B B
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3.3 vl wWg TAF Azl

P2 wE AT mygo] FEH ooz Ho 100@71A HAE
o™ (Huber-Humer et al, 2009), 7|$W¥Hstz Qs HF 7|3y B

S

FesiAl =E mlgA] wg DAFE Asst A 2 Zolth wElA digz wg
& AY BE FHE st 7123 Ao wstd wE vy B ] wsE
A= v Ao B AFdAe 74 24E urgste g BAFS AT
4+ A& CLEEN_k =deo AHE T83ld 7]FH3 RCP (Representative

Concentration Pathways, tiE5 574 &) AU e we dutxe vy 7|4 =4S
Hrg gt Mg wg YA FS A Sstazt st

RCP Alyg]2= IPCC 52F 7} BaA oA AgE Alyg]2Z(Van Vuuren
et al., 2007), RCP 4.5 (Clarke et al., 2007), RCP 6.0 (Hijioka et al., 2008), RCP 8.5
(Riahi et al., 2007 4l 7FA7F Aok 4 Alvgles I &Fo] X9 oy=A
HEEs WA e FFEY AEE YEPATIPCC, 2014). RCP Ay e+ <1zt
g% Az uwzt Avglert uydHdg. RCP 26S ZAHI &x A7 AHA o
ARgE O] QIZE &Eoll o7 dFS AT 2227 & 7T Alve] otk RCP
459} RCP 6.0 &4 Az AFo] A= RCP 2650 ofF ¢ BE AUAE
AHESEE AlvbE] 2ol RCP 4.5+ AA oUAds &4 23 9 AFAS dF

Avel el Hit 73 AasEds ARSIt 1AM =T BF AU =E
A&3t= RCM(Regional Climate ModeD) A& ZF 3y I 7144 sHEE
AE](United Kingdom Met Office Hadley Center)olA 7§¥te HadGEM3-RA
71%2d AR5E  AHEsiRen, o= RCP AUg ¥ IWE AT
AdeEolxel  dHolgE FAT F  JACIFAH, 2018). B AFolA=

SEANPATL QAT AABAA AT Ao 011EHE 21008747 4 74



A8 E ARESHATH
AUl JAHFIA A7 € w98 HE 70 A
Ze#mm)S AdEE AA g3 & CLEEN_k 2do] Z&3le] xamdA Al
el el w4 Wg RS AAsET. 98 Ve e
#1992 ~2022'3), 21471 AH71(202213~2040), 214171 S4HEZ](20413~2070'3),
21A417] 2HE7](20713~21003) =2 713 TR o m, v gk Ay g2
HAAY(1992:3~2022), 21A417] A¥H7](19921d~20403), 21A417] FHE7](19921d~2070),
21A171 FRE7]1(19923~21006 )2 vl go]l AlZHE olF oS ZIXkA FF EE
£ <
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LA S ST F 1D Adgled 7 o
Hetigleon, <& 12>+ Alug el 77 o 74 wg DG ol ZI3E
tH] S7hee Hlaskdt.
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<GE 1> Ay e 7k gt 7l B A E(Ee] T, mm)

A 715 2141 7] AE7) 2141 7] FH7] 214 7] 27
(1992 ~202243) (202313~20403) (2041 3~20703) (20713~2100%3)
S5
oy A oy A 3 3t A ot o ot A 3t
7] & AR 7] & AR 7] & AR 7] & A
(C) (mm) (C) (mm) (C) (mm) (C) (mm)
R;;P 13.68 1173.2 14.01 1137.2 14.09 11721
P
R4C5 13.49 970.62 14.24 1316.9 14.97 1135
' 1253 | 11972
RCP
6.0 12.87 1133.1 13.39 1120 14.99 1156.5
RCP
80 13.31 1082.9 14.79 1158.6 16.8 1267.6




<H 12> AvEled 71 o g A dg S E ool 7|3F v SR (e 9wtk
3 o
m°, %)

214171 ZHE7] 21A17] FH7] 214171 &)

A 7HA] (199213 ~204013) (199213 ~2070) (1992:3~2100)
TR (199213~

2022'4) 0 A B A e e S R i B s B S B

(M m?) (%) (Mt m3) (%) (M m?) (%)

RCP 26 1,165 5.12 1,185 1.69 1,192 0.62

RCP 45 1,169 5.41 1,190 1.82 1,197 0.56
1,108,648

RCP 6.0 1,162 4.82 1,175 1.1 1,184 0.75

RCP 8.0 1,166 5.13 1,187 1.81 1,202 1.32
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CLEEN k 2d-& F=Aug=] A2 vigdzo] oiste] my@x] wgh Sy Fs
2tk Wg B FAFLYS APFATFNA F=AMPA A2 miHAol
sl BMP BI2EE 3 Axtel F3hgkel 47.5 m*CHy/Mg (37-58 m’CH4/Mg)E
AH8-3F A THPark et al, 2018). k#t& F=AWHA A2 miggde] AMEE kol BA
2l Foux (A 6)& A&st BAHE kwaZ WE YAFS AT 5 AHEE 3%
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TEAMHA A2 ofFAANA mEo] Az 20009 10€FH HE 2022

7V&7bA CLEEN_kZ 2Hg® F wg daae 3405699 H melw, CLEEN
g2 AAE & vg G 3846,855 H m’E CLEEN Z@lo] CLEEN_ kX th
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A wWek gk 55094 H mPE weolstar, CLEEN Rde 20039 o & Huj g
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2dd Aol FEAMYEA A2 w@g %
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Abstract

Improving the estimation of landfill
methane generations based on

meteorological characteristics

Donghee Kim

Department of Environmental Planning
Graduate School of Environmental Studies
Seoul National University

Waste landfills are one of the major sources of anthropogenic methane
emissions. For effective methane management to mitigate climate change,
accurate estimation of methane emissions from waste landfills should be a
priority. The methane produced by the decomposition of waste in landfills is
highly dependent on the amount and composition of the waste, as well as the
weather conditions including ambient temperature and precipitation. However, the
existing numerical estimating landfill methane generation model FOD (First order
decay) and LandGEM(Landfill generation emission model), which consider annual
emissions based on waste composition by simplifying the weather conditions.
The CLEEN(Capturing Landfill Emissions for Energy Needs) model incorporates

temperature and precipitation but may not be suitable for domestic landfills as it



was calibrated by the data from some foreign landfills.

In this study, we improved the CLEEN model to a domestic—-optimized
model, 'CLEEN_Kk’, by reflecting the characteristics of the Sudokwon landfill.
One of the essential coefficients in calculating landfill methane emissions is the
methane generation rate constant 'k’. We calculated 'katua’ based on waste
decomposition experiments and on-site measurements at the Sudokwon landfill
site. In addition, in order to determine the coefficient for the period without
on-site measurements, the methane generation was calculated with ‘Kug'
corrected by the correction formula ‘Feu (R?=0.84) calculated by multiple linear
regression.

The research results showed that the total methane generation estimated
by CLEEN_k during the field measurement period was 294 million m®, with only
about 6% difference from the total methane generation, which was considerably
small compared to 32% to 198% in other models. Moreover, the Root Mean
Square Error (RMSE) between CLEEN_k and on-site measurements was much
lower (ranging from 6.5% to 560%) than other models, indicating that CLEEN_k
provided the best simulation of on-site measurements. When applied to other
domestic landfills, CLEEN_k was the most similar to the on-site measurements.
Comparing with the national inventory, CLEEN_k also simulated the highest
similarity to on-site measurements. When the methane generation calculated
based on RCP scenarios, the highest methane generation was expected in the
RCP 85, which is expected to have the highest temperature and precipitation
changes. This underscores the importance of considering temperature and
precipitation variations due to climate change in landfill methane estimation

model.
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