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Abstract

Methane is a potent greenhouse gas and methane emissions from landfills have been linked
to global warming. In this study, LandGEM (Landfill Gas Emission Model) was applied to
predict landfill gas quantity over time, and then this result was compared with the data
surveyed on the site, Cheongju Megalo Land[fill.

LandGEM allows the input of site-specific values for methane generation rate (k) and
potential methane generation capacity L,, but in this study, k value of 0.05/yr and L, value of
170m3/Mg were considered to be most appropriate for reflecting non-arid temperate region
conventional landfilling, Cheongju Megalo Landfill.

High discrepancies between the surveyed data and the predicted data about landfill gas
seems to be derived from insufficient compaction of daily soil-cover, inefficient recovery of
landfill gas and banning of direct landfilling of food garbage waste in 2005.

This study can be used for dissemination of information and increasing awareness about the
benefits of recovering and utilizing LFG (landfill gas) and mitigating greenhouse gas emissions.
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H 1. Predicted Landfill Gas Potentials

Prediction Basis Total Gas Generation (m3/Mg)
Typical U.S. municipal solid waste, theoretical estimate 400 ~ 520
Weight of organic components by degradability, theoretical estimate 100 ~ 310
Anaerobic digestion of refuse with sludge, lab measurement 210 ~ 260
Lysimeters operated 1 year 0.2 ~ 400
Full-size landfill, projected from existing short-term data 2~ 400

Sources : Barlaz et al, 1990.



324  EEHSEIH M7 H 62

carbon compounds)Z A= 4= Q17| o] uj
HA 7k o] AdiA A we AT
of =gd o glAl ", 42 lor o224 ww
A S ARa7Hsd Ak B o ohegst
QA FABA 27 = o] Hopt g},

FEE AFAse] Akt g Ty A
(Biochemical Methane Potential : BMP)o]2} &
2= e A SRS Brkeh] el A A
A5 s ek ASTM Method E1196-920114
Aojel wiA] nE FAol gt F71A =it
oA 710l Wge e Mot A 275t
7] $fste AidE AE EA7F BMP 24 W ol
et H71E 5ol wet BMPaR th=A et
YehOwens, et al, 1992). H7|& A8 2451
¥ BMPO| 7} Hwt A& FLoto] A gk 2y
FL)E AT 4= 3t

AAAQ YA 7hA AR ¥
lysimeter, T 29 wjgA] 1 2
o] WA =RE H5HEY, TAT, o3t
A Y A kA7) ofd e A 2R
4% 7S Y] 2ol ozt AwE &
&ot= d ol A% A7t Hok miEA 29

A 5 0 AN T3 A Ak B4 AL

pul

i
T

r
oo

9o 5 L A 5O o2 hyx] AT 3
Sob BEL WS e A0 FHHC YA

x .
kel o] 471w oiEA 7 Bl B 7
o], o]efg ARE vz A 7147}

ANA7IA FE8HA A145E717F

2
X
r
&
rr 1—1;

. oj2R] o] 7hA waget o % B

1. GHRIXIS] 7hA WA O mo| Ty

YA ks mEPe oA s S5 ALY
of T, A 7k 2859 A%, MEA Tk
3 wol o] 27, oA 12 AE7) 5L A4

st dasieh B3 P &IA7
25 YRR &ES 5= U=A] 7R
7] S1eliAle i Al 7k Ayl wet
asirh, WA 7k AR e o
A (test wells)S AR5t 5 AHE sfjof
g, 28%E HEo] §108E skl 3714
oj4fo] 22 ¥ tHThe Solid Waste Association
of North America, 1998).

_‘_
=)

o

o ome o N

= o b
1@*&

1%, GFERY o187k, WE4 pH, 9]
RCEREE DR L b
of aole] ols) ARt oleid 2oL
s vl 7k A olEud 2 P
§3 w@A) 7k WA o) mdo] o
o] glon) 1 o|5e wielE Holsh
YA ks S 2537 SlAE o]
Fa i A 7k T, ohgA) 7k el
QL AAARE, AR ATl B2 YA s
AP W8k 2, el w A k] A A

[7bol2hz 47HA] 847} REEA] 12| E|ojof g},

Ppromr © X © 4 do mo do

i

N

2. EPA LandGEM 22!
) 78

LandGEM(Landfill Gas Emission Model) =
A2 w2 7k RS AFDIA717] fI5ke] vl
EPA°]A 1996Wde] 7idet mdojtt LandGEM
2ol Ao FABEAL Sitt,
iz o) AAE
2718 SoiEE 9 Azt o et S
k 2 e FPAYE L, 2|
(e}

=
i)
>
N
1>
1o
i
oZ,
o oo
2
AN
=2
rie

Q = widA] 7k FHAYF (m?/year)
n=97]& mjgds

k = | A] 7k 24 (1year)

L, = v&t A T (m?/Mg)

M, =i YWxo] g7]& wiE=F (Mg)

t = id=e] g H7|5e Eds



Y B/ WX 7tA

LR Gt - A JONEYIE R AET 325

A 59 Ahm7t glod 7]2gkz A 2sto] v
HA 7ks EARE ST vl A= Clean
Air Act®] Aol wiet Ax3 A9oM= k =
0.02 yrlo] H&Ea vuz] oA k =
0.05yr%, L, = 170m3/Mg ©| A& chDebra et
al, 2005). 97]& Hgsh= & A7 S A
23} 7ke HiH O AeElsl AEY %E_(bmreactor)
=2 ’374]5]51 +FE= WEAA Hep o Al&s)

A ERE 4 Qe #@7)E OWQ—J FH
T S7HAA k R L, #hol A
Al WA FEpAA FHt, EPA‘ﬂWL A=
HHex WEA R ERdhe Veor o7 o
45% wiw, G- 71&)el whehA 75;‘40}—‘1] &
5 AQJEt A E o]&sl= mf-E Ao A7
A

LandGEMOJ A Hgh HAE AF4= k 9
A A Loe 718gke] H8=E7t ?i%} A%

=4

s Aol o%t A S
71k wE A 7EAe) Y i{ﬂﬂ Al
Zagh S Alws A ok AEA vg
7t wjEdE F45] flsiAE vl EPA 7]
2 HE4 W& Q1A HEHCompilation of Air
Pollutant Emission Factors)oll <£713F AP-42
71&3ke] Al EHU.S. EPA, 1997).

ol

e L

2) LandGEM =dlo] EA

LandGEM 2492 tjx| 25 e dgst= g
A 7tAE sk 7P U LIEHA ol 8= B
o HA ARES}7 ol 48] ZHESHA Eof QlTt
LandGEM 222 54 igA] o] 12hhs- 5o
7k &~ (first-order kinetic gas emission
parameters)E AAstA 2484 Y= i
A 725ke oA Bk w714 sdAe] g

d o71Ee QAT Aol HE Bofuol kg
e i, ) 25 148 ol gl o
GA) A7 Fol BASHS v Fhae] by

i} LTS 01]%@' < 3t} LandGEM 2@
& PRS2 A Rl ZAstaL glom o
ST 22 1A 975 B LA Zhet)

dM/dt = -kM

M, = A1 1A el ) M
t= 7:1_4/\]7], )
K = 12k A1 (1/y1)

A7k Bl A AL 5y

Mr= Me'kl

V=M-M,=M( _e—kt)

o M = i gE %9 #9715 Mg)
V=@ AZEE A7t 7HR] 2E ek
FAF md)

d

sl 97257 ek wae Aol 4
% o] %E} 1dZE ARl HE ke

bl thste mlEste theat o

Eh = A1 el A weh AE (m?)
= tj|ek 9hA g m3/Mg)

> 2] 720 A] wEre] SleRl fieFd o g X
59| 50% it Wehd wjrias U
okt 2ol 244 4= 9k,

Qr=2kL Me™

o Qp = WE 7k FEAEF (md/Mg-yr)

A= ARARto] 9 |zt liElﬂ ”41-“#01] 1
A

a 2 00
71%‘2—%%
RS A ks 12HES o) wjeh i E-0)
of &Jzte] o=

grol ebbe ohA) A

e, o5 50, kike 0.02 ~ 0285/yr<>lﬂd_ i
7}—6} uﬁaw 7h29] 99%7} *WEIL tﬂ H

H
>
£ 9
1o r
Ni
)
o
N
N
ox
N,
X
(i
o
)
i
=°.=
é
FL rlr
e
E)



BA el 2200 8 B, 2, 7189 4%
o ol 44 7@% o|2H Logo] WEHA o

==
al, 2005).

k 9 L9 7123 (default)22= + F5771 9
=1, Clean Air Act 7]24/7} U.S. EPA®] AP-
42 H=(inventory) 7]24ko] 3ltt. Clean Air Act

718788 New Source Performance Standards

Emission Guidelines®] 40l £33t ojof s}
= q] x%Q_-al— «]EE =2 011] 740;/\-1 uﬁa
A 7}/\ g 24 HeHor uj$ =4 33
A=t WEA] 7k EAEA (k) = 0.050/yr,
ek ZARkEF (L) = 170m3/Mgoltt, AP-42
55 7|24 viEQlRtel SAR ACRE ulao
Ao AAA 2AF AR FASL Q=
o] sG] 7k WAL (k) = 0.04/yr, Het 2
HRAYEE (L) = 100m3/Mgolt}, w2 {7159 <t

ul

1

[

ol
AR

A= Q5 BAolgbd YR &9 = dAF ES
o mElg 93t BolusE Shusky Raltiy BE

71 E3k& ARgSfloF EtkDebra R., et al., 2005).

ZE 7|Egbof| A kgko] 0.04/yrold v]AZ X
olo] HEZ ] Haxlg Hi3t Aoz ujelE

71Ee] 55 };Ho] A S F95}1%|

oF
RS s

oH
oH

- ﬂJ

1o

]E%}:Oi Lot

ME]'(WISCODSID 2007).
4) A2 EQo k9 L7t

HA
LandGEMOJA &= @4 E49 k U L7k 24

SHA)7] 7Lt 9JRe] i
L 4% £ kgt
A B} v AALA
wolgol 7Lt 2
_4 Lo %)EE %23}

10 =2

=13

=

2} EO
\__\__0—1

O]‘—O]I‘ “H%‘X]Oﬂ
2 9},
AlS Ao A HhS-Z(bioreactor)?] 7 ZAS
FABHE ol kol 07704 =obd 4= Qitt,
2o xHe] AR v x|l A A gt Aol 2Jahd k
ol 0.11 ~ 0.21/yr H$lolth(Reinhart et al.,
2005). 291 AR o mi Y 2]= kgke] = 0.01/yr

S30|tHAlex Stege, 2006).

¥

V. LandGEME ©] &3t A F ¥

e |
Pe) o -
g7 oy gt

A LIS

712 0HES 7He

Bt 757 1,344mm, HA 2%
31 colH ol 5de] 784mm2)
2 Uehar Qle 354
28 o 7 ek
H 218 152, 847m?, M-
2 20014 1€5E & :aow H}
S 20084 10¥ dA7HA] w1 €
of it} 2007 129714 wfH ke 1,103,90411132
2 FuigEF] 86%° o]21 glo] 2008 AL
AHERE Aoz dAETH 2007d7HR] 2
Fe 7 E AL rE 76.3%, AEHE
3.9%, 27t&8A] 1.6%, ZEA 18.2%5 A5t

)

ATEIF=AL, 2007).

kel

2 1,288,000m32.
WS BB

52, 20063 A U B O O METDIS Wi (@91 £/
T A ¥ a4
1=] =] 3T

T | B san une | 28 BL | i | a4 || 35 =aw | e
AFA | 2118 0.0 46.6 76.8 6.0 12.0 70.4 | 102.3 0.3 0.0 02.1 49.9
R et 25.5 4.6 2.0 2.4 2.5 3.9 10.5 18.8 0.1 2.5 9.4 6.8
Z A | 231.3 4.6 48.6 79.2 8.5 15.5 80.9 | 1211 0.4 2.5 61.5 56.7
A5 R, 2007, 5o 0 9 Aol |



Y4 B/ WX 7tA

e Bt - H5E 3

METY IS R AREE 327

EPERE PR EE EEPLEPER R
of Wl EL 97| 2eE & 358,45/ lH] 7H914
W71 o] 237.38/AR WA 66%, B

I

A 7]E0] 1211 B/UR 34%E AAst, 71
3 AEH7IEFA WP A] 71 Al s
FE A= RS SAE AR, SolR R U
224 g 71E9) 40% A= ZAHE Ho|u
=3
HZzY B 7|2 u
3 HAZA A ¢
A ool WA E A& A olF
AXEE st Sk H71EE 2m Y Fof 15cm
FAR dUYEEE stal Qlrk IAE wHA7EA
(LFG)= 20044 19 10kPa A=9] TYeo
2 Z338le] LFG Ykl daz ygstel Az
sFaL Qict,

O

30 o of

2. LandGEME 0[8¢t 57 ZAYEHI=
OHRIRF DjRIX| 7}A 2haizl o7}

=
AFd FgHrE g d=d HJrlE
2 ujg7kAs 24 LandGEM oj&% 9 A

NQAE B E 29 ok £ Aoy

Al FA T E A (bioreactor landfill)7} obd 52
| %] (conventional landfil)e] YHtA o2 g
HE 7)E 2 ulH A 7A WA (k) = 0.04/yr,
g ZHYREEF(LL,) = 100m?/Mgol|tt,
= A BEE Blgo] 2EHE dHE
SFA] ohar WA 7k A ol Sof BE 1
ore] AFATE SN Yuta o AR
© 7123 sk ok, & A4 A
A9 WP A 7pA S T o g o S5)
A WEA7F CDM A= CER
(Certified Emission Reduction) tiAS.2 371
e 7he Aol eTtE YotE e o g4
(preliminary assessment) ZAFFIL & 4= Qi)
2 AFoM= AFd FIAZH = E Y
HAFE] i A 7ES A k), wlEE RS
(Loy& APgsIA] oL =] e A-A
AslA A4 U.S. EPAS] AP-429] 7174l w}
g A 7hA AR (k) = 0.04/yr, HlE A
HAEF (L) = 100m?/Mgo2 AHg3taict, U.S.
EPA®| AP-429] 7|23} Clean Air Act 77l
w2} New Source Performance Standards %
Emission Guidelinesg #-§317] $Jsto] mii#|

A

30 omﬂﬁ

M S H
=2

-
£

2 Ao

oLl HJE

rlm F ol gl

LandGEM RZ&ofA A-§3t 7|22 oA 7bA Fdf WSS whgstal Qe WEAIZRAS B
H 3. 3Fd &9 d2nr|IE iEEe] oA 2EE Y LandGEM 6|52
7 2 | U on) M | s mggmy e | LS WERS ) epioum e
20014 145,071 - - -
2002 152,897 - 1,140,000 -
20034 144,056 - 2,297,000 -
20044 141,631 4,381,811 3,339,000 5,471,620
2005 103,366 4,900,574 4,321,000 6,167,625
20064 110,377 5,343,735 4,963,000 6,906,229
20074 118,246 4,684,812 5,636,000 5,808,023
2008\ | 188,000 34 A 215 6,344,000 A A
20099 | AREE O T 2y A% 7,025,000 T AL ot
2010 AEER 3 23 oY 6,749,000 FB AYAL of| A
20114 AEER FE x93 6,485,000 T AL oAt
2012 TR FB 23 oy 6,230,000 FB AL of| A

“24R 1 TRFAL 2007, B B

)

A7) & v S A A, AR



328 BAIHIL A7 K55

A B5ElE g7kt AR A g A e Ests

oo T 24T BAT AolS e gk, AR oY
8.000E+03

g oo L Aol Aol g0l 9-5% Al B

£t PSS o 7|2 e Wt Ao gl
Y 30008403

ot d—— 20044 19%, 200549 22%914 2006E= 26%

0.000E+00 —— - = w s
fb@\ 'bd\\ W&\ ’E&\ »&'\ P?\ "?\ '\,é\\ ’f&\ P}?\ q‘:Q\ q"\.\\ ":@\ ":\’b“ r\:‘b:\ = }—]__’]_X]*é‘ b]'EI'ME]'7]' 2007‘15_]0” 10%= Zj_]_o]-l:-]
e Y 2008¥ )= 0%2 A1 9lrt,
——Total lancifll gas Methane ~——Carbon dioxide NMOC 2004]{:_]@],{1 20071‘;—] /R]-Oloﬂ 2{_:!_/)&_ -5&%1:0] H];g’g'

Fig. 1. Prediction of Generation of Landfill Gas at Cheongju
Megalo Landfill by LandGEM

(k) = 0.05/yr, =g FAEYFDL,) =
170m3/ Mg 2o} AA| fhx] 24& Brp 2345t
A ¥rd5ta ch(Debra R., et al., 2005).
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