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ABSTRACT This study involved a total budget analysis on the greenhouse gas (GHGs) emissions of landfills, focusing on surface
emissions and the effect on emissions reductions of generating landfill gas (LFG) electricity from March 7, 2007 to December 31,
2018. The GHGs reduction effect from the electricity generation using 536.6 X 10° tCO, of CH, was only 5.8% of the GHGs from
surface emissions of 9191x10” tCO,. In the total budget, the collection ratio should be over 95% if the reduction effect is greater than
the surface emissions. The correlation coefficient for the relationship between the LFG collection ratio and GHGs reduction was -0.89.
An additional effect of lowering CH4 content may occur if the surface emitting flux of LFG decreased with an increase in the
collection ratio. The unit reduction effect of GHGs by suppressing surface emissions was 4174 tCO»/TJ. This was far greater than that
of LFG power generated (54.3 tCO»/TJ), demonstrating that surface emission control is the most important measure by which to

mitigate GHGs emission.

Key words Landfill gas(7] & 7} 2), CHa(H| ), Electricity generation('Zr ), Surface emission( 3 H &Al), GHGs(241 7} )
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Table 1. GHGs emission quantity per unit energy generation
of LNG and LFG power plant

(unit: kg GHG/TJ)

Domestic
Fuel energy CO» CHy N20O
standard
I1I, Gaseous fuel
Natural gas ‘ LNG 56,100 30 0.1
V. Biomass
Gaseous ‘ Landfill gas | 54,600 30 0.1

* Extracted from ‘The Guidelines for Management By Objectives

of Green House Gas and Energy in Public Sector’

A =

Z ubA A

HAEI7} Glor = A ejsta, dufjd

ek, o)

*“H

o

U 82 AR 8= AY

252 GHGs

H dfdez 8t
A AR 2007, 3, 7.~2018, 12, 319

BHYL

=D S| o}oﬂl:} Z 77 E A &

ol A

3,841

Unbx| o 2 wig oAl 2R @l 7Fg W LFG b
22 TR o] 213 Holth(A] (1) Fps). “2AI7EA W)
EAAHAL] viEsF B 9 Qo] et 27 A1z
= jgAe] ¢ Tier 17to] A}, Tier 12 FHIA
FS 2 Ao Foh= A9 Bl oJste] 24 sh=
Zolw M g uf Ao Al mHEAFES H2l Chamber

| O] 2l & EHIMS 2ot IHEE 2471A HiE Eot

Table 2. Seasonal surface emission measurement

Sum Upper cover Slope Dyke
Area | 1,46 % 10° m” " | 1,06 % 10° m” ”

Total 494 269 89 136
Spring 125 68 21 36
Summer | 127 71 22 34
Autumn | 122 66 23 33
Winter 120 64 23 33

1) in spring time 1,50 X 10° m’, 2) in spring time 1,02 X 10° m’

.
W ST QoTR o A Agsc) T
4

AR Table 29} o] ujd 43] AFER =41
9lom™ 2018WL 0] H© % 4947]2] ChamberE 1]

A BES, AP, ATEAERA 1 Al AR5t

?g—

)

Ao} o = Sk AL ik

2.4 7|}

S AL ZAeTH o] 2HE| n|R|A] Eil= A7 A
2 AfolelA] WAIERE LFGO] AAS $iste] 7k vl
Al 8 gho] 221718 MAsle] LEGS 2215t Qe 2F
o] £717]%& 2004~20074 SHA|H O R - & H 43 A
Ot 20117 AR e-Fskar gl A
2018 7= 1067 0e}. BE3E S v FejAld %%%
Ui Aaxd] 7k AzpRT) Qlom, LFG 4] ] &
= ¢l8l LHASE Al LFGE A 2jstal Qlrt. gho] &zt
7|9 7h 22k 2 osto] i F ufEE= CO= GHGs

HERollA A=Y, HaBgo] 100%e otEE 1
4 CHyZt EARITE, 12)ut o] F-29f 7]ojer} A4l e
2 245 Aaago] e SRR} glo], AR 7t
gatel A (D9, 0,8 12 ¥ GHGs AARIA=
Alefstaet™, wrk Heet 7ol w APYS e
o] ol tisiiE F71<l A2 Fel ek et
et oR&dE, LFGE Wihd-go= A3 2839k Hi(4
(1) Eopo] Ao, A CHy ARGOIA AR5 HIFo]
ll-- mjulstey o] HA] ARyl



3.1 =Y LFG LAt

Fig, 204 Hi= Hlel 2ol S v 4o A 2007 39 7
QL] 2018 W7HA| BHAYEl LFG 52 3,253.5 < 10°
Nm’o|tH, 85 6%= X7 12.8% WAL 1.6%7} 7}~
HiA g0 2 A= QT AR B EHEARE-2 2012
W 2.6%2 4 1831 20074 26,1%=2 Hjgon, X
2 20079 60,1%% 4 1231 2012 96,1%% )
At LFGE] 2/d2 5711t Bt CH, 49.4%, CO; 39.5%,
Ny 10.7%, Oy 0.45%FA], NoSF O 744 X A Q)3
7] ol ok Alolw, 2HEC| 2545 FE7] Y5
7FE N, ogo] =obA]aL S, o {7 1E Alefd 7

§- CHy Babsew 55.5%0]t

350 100

300 -+
r 80

250 o

200 - 60

150 - L 40

LFG (106 Nm?)

100 +

r 20
50 -+

LFG composition & collection ratio (%)

Year

[ Total —O— Collection —&— Gas Exclusion Hole
—{— Surface Emission =~ —— CH4 -----C02
------ N2 —*— LFG collection ratio

Fig. 2. Major LFG composition and quantity by each generation
course

AA| LFG 7h&d| CHy Whe thdo= s 5 717 53
A4l CH, Q) £e2 1,619.3 X 10° Nm’o|c}, Frubibel
CH.9] AB}R Q13 A= Hl%-& LFGeH= tha o7}t
U, 3 84 5%, EHIAF13.8%, 7k viAlE 1.7% ©]
oo}k, ZYE CHA= % 1,372 X 10° Nm’o]H], o] 7k&-d|
72.9%% 2ol o] &3 27k 2L 27.0%0|t),
71ep Wihgo = A1 AR o A9 0.14%= 4] i

& wlnjg Sol9ic

350

300 A

250 A

200 A

150 +

100 +

Power Production (GWh)

50 A

Year

mmm Total —3—Self Consumption —O—Supply to the Central Power Grid

Fig. 3. Annual electricity generation by 50 MWh LFG power
plant

31, 9] & ¥PAEES 3120 GWhE, 0]F 87.9%2 2,743
GWhE ghdofl sulalQlar, YmA] 12,1%= AFA| 4H]st
et

T TAof what HHERS LNG P A1) GHGs 7l
© & k7] fl8te] MWhE TJ& HESHH Table 33t
o] 9,876 TJo| sFshH, o]5 LNG A A viEE=
COx2 AAFSIH 554,066 tCO0|t}, $HH, LFG 0| 2
3 9,876 TJ< AJAFS 7-¢- WY == GHGs+ CH, 17,111
£C0s, NoO 306 tCO; ©]t} =, LFG 2Hdo]| 2J3}e] 554,066
Mg2] CO.E 7HAA] 7)1 ZHaljeFe] oF 3.1%91 17,417 tCO,
2 52 A7|0R & 7hAERe 536,649 tCO.0 T

i

Table 3. CO. Reduction by LFG power plant

Generated Energy 9,876 TJ

Net 536,649 tCO;,

Sum 17,417 tCOy

CH, 296 Mg

LFG 17,111 tCO;
N2O 0.99 Mg

306 tCO,
554,066 Mg

LNG COy
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