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ABSTRACT: As the implementation of carbon reduction measures would be monitored starting from 2023 in line with the
Paris Agreement, it is crucial and urgent to control GHGs emitted from wastes contributing to 11% of methane emissions.
Despite such importance and urgency, 93% of wastes are deposited in unsanitary landfills in developing countries, presenting
challenges to methane management. Against the backdrop, landfill gas-to-energy projects have once again drawn attention for
their economic substantiality secured through CDM projects while there has been much research actively carried out to estimate
methane emissions and GHG reductions in landfills located in developing countries. Although a signifiant difference was found
between estimations calculated based on research methodologies and actual results monitored through registered CDM projects,
there has not been a study conducted on what is causing such a difference. Accordingly, the research team conducted an
analysis of 18 LFG projects out of 46 that were registered as LFG CDM projects under the UNFCCC and has identified
precipitation(28%), malfunction(22%), organic content(11%), amount of landfilled waste(11%) and temperature(11%) as key

parameters causing the difference between the amount of methane captured and the amount of GHG reduced.
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Fig. 2. Main factors of methane generation.
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Table 1. List of Landfill Gas CDM Projects in the Study
LFG to Monitoring  Insurance
Registered No Country Project Title Enegy Period Rate
Capacity (days) (%)
1645 Argentina Methane capture and .destruction on Las Heras IMW 276 35%
landfill in Mendoza
2794 Colombia Bionersis landfill project in Pasto, Colombia 450kWx2 737 90%
Republic of Mokpo Landfill Gas Recovery Project for 1.06MW
2834 2 449
8 Korea Electricity Generation 1.058MW 3,235 &
3663 Thailand Active Synergy‘ Landfill Gas Power Generation 925KW 195 50%
Project Nakhon Pathom
3937 China Nanyang Landﬁll. S'1te LF.G Recovery to A50KWx2 771 57%
Electricity Project
Republic of j li i i landfill LF
4204 epublic o Gwangju metropolitan city sanltar?/ andfi G IMW2 2,867 59%
Korea power plant CDM project
. Landfill Gas Recovery and Utilization Project in 0
4303 China Linyi Municipal Waste Sanitary Landfill 0-5MW>2 397 67%
4610 China Baoding Landflll Gas Rec9very ?nd Utilization 0.5MWx3 451 113%
Project in Hebei Province
5130 China Shandong Laiwu Landﬁ1.1 Gas I.Kecovery and UKW 498 108%
Power Generation Project
5738 China Luohe MSW Landfill Slte. LFG Recovery to 0.5MWxd 1,606 128%
Power Project
5316 China Jiyuan MSW Landfill Slte. LFG Recovery to 0.5MW>3 1,094 104%
Power Project
5652 China Jiaozuo Zhouliu MSW Landﬁl! site LFG 0.5MWxS 418 107%
Recovery to power project
L Zhangluoping MSW Landfill Site LFG
6229 China Hoyang £1angiuioping andi Stte 500kWx3 1,154 126%
Recovery to Power Project
6701 China Yichang Huangjiawan MSW Lan(.iﬁll site LFG 0.5MW>3 1,050 145%
Recovery to power project
6704 China Ezhou MSW Landfill s1te. LFG Recovery to power 0.5MW>2 1,005 204%
project
6732 China Shanggiu MSW Landfill 31Fe LFG Recovery to 0.5MWx4 1,094 127%
power project
6922 Republic of Jinju Landfill Gas Recovery .and Power 040K Wx2 1,094 116%
Korea Generation CDM Project
Republic of ju Landfill R Project fc
10379 epublic o Wonju Landfi Gas ecover.y roject for DASKWd All 150%
Korea Electricity Generation
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Table 2. Analysis of Predicted and Measured Values of Landfill Gas Collection

Mean Mean Predicted ~ Measured  Measured
Registered Cimate  Humidity Anpual Annual LFG LFG Valye/ Reasons

No Rainfall Temp. Volume Volume Predicted

(mm) (C) (Nm3ly) (Nm3ly) Value
1645 Subpolar Dry 205.3 16.4 9,453,807 5,906,981 62% Malfunction
6704 Tropical Wet 1,402.0 17.5 5,188,752 3,247,498 63% High precipitation
3663 Tropical Wet 1,045.0 23.4 1,403,555 1,121,875 80% High precipitation
4610 Subpolar Wet 1,200.0 14.5 4,509,959 3,620,368 80% High precipitation
2794 Subpolar Wet 1,300.0 14.0 7,468,790 6,167,820 83% High precipitation
3937 Subpolar Wet 1,300.0 15.0 8,155,321 6,841,580 84% High precipitation
6229 Subpolar Dry 585.0 14.7 11,059,988 10,822,475 98% Similar figures
5316 Subpolar Dry 600.0 14.3 9,193,549 8,996,607 98% Similar figures
6701 Subpolar Dry 1,161.0 17.1 11,447,362 11,232,376 98% Similar figures
6922 Subpolar Dry 126.1 13.1 6,932,831 7,223,258 104% Similar figures
4503 Subpolar Dry 845.0 14.1 1,836,356 1,945,539 106% Similar figures
4294 Subpolar Dry 600.0 14.3 31,446,262 34,203,310 109% Similar figures
6732 Subpolar  Dry 711.0 142 10,888,683 13,003,899  119% Increasjm‘:;uljl’t“dﬁ”ed
2834 Subpolar  Dry 600.0 143 29,037,959 38439208  132% al:;fﬁf:ﬂé“ﬁ“ﬂig:;‘jﬁ
10379  Subpolar  Dry 1,343.0 113 3856045 533,520  138% Inerease in Landiill

Temperature

Increase in landfilled
5238 Subpolar Dry 804.0 14.8 13,433,733 18,964,477 141% amount and organic
compound ratio

Increase in organic

5652 Subpolar Dry 568.0 15.0 9,907,265 15,106,172 152% .
compound ratio

Increase in organic

5130 Subpolar Dry 300.0 14.5 1,453,901 3,999,178 275% .
compound ratio
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Table 3. Analysis of Predicted and Measured Values of GHG Reduction

Mean Mean Predicted = Measured  Measured
Registered Climate  Humidit Annual Annual GHG GHG Value/ Reasons
No y Rainfall Temp. Reduction  Reduction  Predicted
(mm) (C) (tCO2e) (tCO2e) Value
4503 Subpolar Dry 845.0 14.1 35,836 12,575 35% Malfunction
4610 Subpolar Wet 1,200.0 14.5 74,825 32,843 44% High precipitation
1645 Subpolar Dry 205.3 16.4 75,419 37,868 50% Malfunction
6922 Subpolar Dry 126.1 13.1 116,054 66,470 57% Malfunction
3663 Tropical Wet 1,045.0 234 12,853 7,628 59% High precipitation
3937 Subpolar ~ Wet 1,300.0 15.0 104,016 70,030 67% High precipitation
5130 Subpolar Dry 30.0 14.5 27,211 24,483 90% Poor operation
5316 Subpolar Dry 600.0 14.3 89,323 93,178 104% Similar figures
4294 Subpolar Dry 600.0 143 244,827 261,102 107% Similar figures
6229 Subpolar Dry 585.0 14.7 104,374 111,483 107% Similar figures
2794 Subpolar Wet 1,300.0 14.0 43,081 46,684 108% Similar figures
6701 Subpolar Dry 1,161.0 17.1 96,757 112,334 1161% Similar figures
Increase in landfilled
5238 Subpolar Dry 804.0 14.8 160,309 201,897 1269% amount and organic
compound ratio
10379  Subpolar  Dry  1,343.0 113 27,805 35,438 128% Increase in landfill
PO T ’ ’ ’ ° Temperature
Similar when calibrating
6732 Subpolar Dry 711.0 14.2 93,311 119,665 128%
GWP
I in landfill
6704  Tropical  Wet  1402.0 17.5 45,758 66,431 145% nerease in landfilled
amount
I in landfill
2834 Subpolar  Dry 600.0 143 229973 345265 150% nerease in landfilled
amount and temperature
I in landfill
5652 Subpolar  Dry 568.0 15.0 20,052 40,834 204% nerease in landfilled
amount
28349 ZEAHEE o SART RUET Al w3 BUEHo] F89 1871 ZEAE thgt ZUHY
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Atk 53] ASHHG 2uf o] F& AA &4 2 A& S MAE T8 LOJ—E— Table 49}
7} ZEES HQl 5652 ZEAEQ o= o] F71AE 3 Z7H33%), R E S7H22%),
A7) vyl MU W oole, Wy AZE  wEAY L As(1%e] Fo Udlew ey

wel #7148+
» )

H|-&o] 3 F71tel| wet wj g7t
et =27 242 152%, 108% &
7t om, AT EEE 204%] B Z7}
&5 Bt

3.3, HEgvka 23E 2 247 E5T9

=2 g

e Ol_l

UNFCCC®l| 5549 wl@d7l2~ CDM ZZAHE F

H] AZAE =
AN =7k F5sAY wY 718 §714
B ol F7HE A gelE vk Exe] F
sk e Uehieinh

2 v 2Pl ZH Aol v

o|N

F71EA-9 3L, 2909, 2021



12

o
T

P
S, 4

h

o

Table 4. Ajor Reasons Affecting the Amount of Landfill Gas Collection and GHG Reduction

Mean Mean Predicted  Measured  Predicted  Measured
Registered  Annual Annual LFG LFG GHG GHG Reasons
No Rainfall Temp. Volume Volume Reduction  Reduction
(mm) (C) (Nm3ly) (Nm3ly) (tCO2e) (tCO2e)
Decreases in GHG reduction due to delayed
4503 845.0 141 1,836,356 1,945,539 35,836 12,575 operation of incinerations with similar methane gas
generation
4610 1.200.0 145 4500059 3620368 74825 32,843 Decreases in both LFG.coIIectlo.n.an.d GHG reduction
due to high precipitation
Decreases in LFG collection due to frequent
malfunction of collection facilities
1645 205.3 16.4 9,453,807 5,906,981 75,419 37,868 Decreases in GHG reduction due to frequent
malfunction of generators
LFG collection measured similar to the predicted
amount
6922 126.1 131 6932831 7,223,258 116,054 66,470 GHG reduction was less due to unstable operation of
power generation facilities.
2663 1,045.0 234 1403555 1121875 12,853 7628 Decreases in both LFG.coIIecthn.an.d GHG reduction
due to high precipitation
3937 1300.0 150 8155321 6841580 104016 7003  Decreases in both LFG collection and GHG reduction
due to high precipitation
Increases in LFG collection due to increases in
organic compound ratio
5130 30.0 14.5 1,453,901 3,999,178 27,211 24,483  GHG reduction was less due to partial incineration of
captured LFG caused by poor operation of
incinerators.
5316 600.0 14.3 9,193,549 8,996,607 89,323 93,178 Similar to the predicted amount
4294 600.0 14.3 31,446,262 34,203,310 244,827 261,102 Similar to the predicted amount
In consideration of the increases in the Global
6229 585.0 147 11050088 10822475 104374 111483 \varming Potential(GWP) of methane from 21 to 25,
there is no significant difference from the predicted
amount of 95,767 tCO2e
Decreases in LFG collection due to high humidity and
precipitation
2794 1,3000 14.0 7,468,790 6,167,820 43,081 46,684 Slight increases in GHG reduction due to slight
increases in landfilled amount
6701 1,161.0 171 11,447,362 11,232,376 96,757 112,334 Similar as the average precipitation
5238 804.0 148 13433733 18964477 160,309 201897 Increases in actualy landiled amount
Increases in organic compound ratio
10379 13430 113 3856045 5332520 27,805  3543g  ncreases in the amount of methane gas generated
due to temperature rise during the monitoring period
In consideration of the increases in the GWP of
6732 711.0 14.2 10,888,683 13,003,899 93,311 119,665 methane from 21 to 25, there are increases by 9.8%
Increases in landfiled amount
Decreases in LFG collection due to high precipitation
6704 1,402.0 175 5,188,752 3,247,498 45,758 66,431 Increases in GHG reduction due to increases in
landfilled amount
Increases in LFG collection due to temperature rise
2834 600.0 14.3 29,037,959 38,439,208 229,973 345,265 Increases in GHG reduction due to Increases in
actually landfilled amount
Increases in LFG collection due to increases in
5652 568.0 150 9907265 15106172 20,052 40,834 organic compound ratio

Increases in GHG reduction due to Increases in
actually landfilled amount
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