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Estimation of greenhouse gas emissions from the landfill sector with
the application of the 2006 IPCC guidelines and the change factors analysis
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ABSTRACT: Following the Paris Agreement adopted at the end of 2015, global stock-taking has been planned to be
carried out on a 5-year basis from 2023, and it is mandatory to report on national GHG inventory and progress toward achieving
greenhouse gas reduction targets. To prepare for this, it is important to improve the reliability of estimation of the greenhouse
gas emission, identify the characteristics of each greenhouse gas emission source, and manage the amount of emissions.
As such, this study compared and analyzed the amount of emissions from the landfill sector using the 2000 GPG, the
2006 IPCC Guidelines, and the 2019 Refinement estimation method. As a result, in comparison to 2016, there were
2,287 Gg CO,_eq. in scenario 1, 1,870 Gg CO,_eq. in scenario 2-1, 10,886 Gg CO,_eq. in scenario 2-2, 10,629 Gg
CO,_eq. in scenario 2-3, and 12,468 Gg CO,_eq. in scenario 3. Thus, when the 2006 IPCC Guidelines were applied
with respect to 2000 GPG, it was revealed that greenhouse gas emissions have increased. Such difference in the emission
changes was due to the changes in the calculation method and the emission factor values applied. Therefore, it is urgent
to develop national-specific values of the emission factor based on characteristics of greenhouse gas emission in Korea.
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Table 1. Status of the IPCC Guidelines Application for NIR in Annex 1 Countries and Korea

Country

GPG 2006 IPCC
2000 guideline

ANNEX [ countries

(Australia, Austria, Belgium, Bulgaria, Canada, Croatia, Cyprus, Czech Republic, Denmark, Estonia,
Finland, Germany, Greece, Hungry, Iceland, Ireland, Italy, Japan, Latvia, Liechtenstein, Lithuania, O
Luxembourg, Norway, Netherlands, New Zealand, Malta, Poland, Portugal, Romania, Sweden,

Switzerland, Slovakia, Turkey, Ukraine, UK, USA)

Korea(non-Annex [ country)
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Table 2. Defaults Values of Emission Factors by Each Guideline

Reference Waste type poc 20 MCF Foox
(Gg CIGg waste) ()  (day’) () 60
Managed anaerobic 10
Managed semi-aerobic '
GPG 2000 All waste 0.09 0.5 0.05 Unmanaged deep (>5m waste) 08 05 0.1
Unmanaged shallow (<5m waste) 0.4
Uncategorized landfill 0.6
Food 0.15 0.06 Managed anaerobic 1.0
Garden 0.20 0.05
Paper 0.40 0.04 Managed semi aerobic 0.5
Wood 0.43 0.02 U d deep (55 © 08
———— Unmanaged deep (>5m waste .
200.6 H.)CC Textiles/Nappies 0.24 0.5 0.04 € P 0.5 0.1
guideline
Rubber/leather 0.39 0.02
—— Unmanaged shallow (<5m waste) 0.4
Sludge 0.05 0.06
MSW 0.00 0.05
- —_— Uncategorised landfill 0.6
Industrial 0.15 0.05
Food 0.15 0.7 0.06 Managed anaerobic 1.0
Garden 0.20 0.5 0.05 Managed well semi-aerobic 0.5
Paper 0.40 0.5 0.04 Managed poorly semi-aerobic 0.7
Wood 0.43 0.1 0.02 Managed well active-aeration 0.4
2019 . - -
Refinement Textiles 0.24 0.04 Managed poorly active-aeration 0.7 0.5 0.1
Nappies 0.24 0.04 Unmanaged deep (>5m waste) 0.8
Sludge 0.05 0.5 0.06  Unmanaged shallow (<5m waste) 0.4
MSW 0.00 0.05 )
- _— Uncategorized landfill 0.6
Industrial 0.15 0.05
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42 223, YRR, SHE, USSR, 0/HE
Table 3. Emission Factor Values for Each Scenario
Scenario 1 Scenario 2-1  Scenario 2-2  Scenario 2-3 Scenario 3
Applied method 2000 GPG 2006 IPCC 2006 IPCC 2019 Refinement Country-specific
default value default value default value  default value value
Food 0.15 0.15 0.1319
Paper 0.4 0.4 0.3349
Wood 0.43 0.43 0.3685
Rubber and leathers 0.39 0.39 0.4625
Others(Combustible) 0.5 0.5 0.2850
Clothes 0.24 0.24 0.3415
boc Industrial sludge 0.05 0.05 0.1845
(Gg C/Gg - 0.09 0.09
waste) Domestic sludge 0.05 0.05 0.1036
Animal and vegetable residues 0.5 0.5 0.2272
Cooking oil waste 0.5 0.5 0.7196
Boards 0.04 0.04 0.01
Panel 0.04 0.04 0.01
Construction waste 0.04 0.04 0.01
Hazardous waste 0 0 0.15
Food 0.7 0.6343
Paper 0.5 0.6256
Wood 0.1 0.4446
Rubber and leathers
Others(Combustible)
Clothes
DOC¢ Industri.'al sludge 05 05 05
) Domestic sludge
Animal and vegetable residues 0.5 0.5
Cooking oil waste
Boards
Panel
Construction waste
Hazardous waste
Food 0.06 0.06
Paper 0.04 0.04
Wood 0.02 0.02
Rubber and leathers 0.02 0.02
Others(Combustible) 0.05 0.05
Clothes 0.04 0.04
k Industrial sludge 0.06 0.06
r - 0.05 0.05 0.05
(day™) Domestic sludge 0.06 0.06
Animal and vegetable residues 0.05 0.05
Cooking oil waste 0.06 0.06
Boards 0.05 0.05
Panel 0.05 0.05
Construction waste 0.05 0.05
Hazardous waste 0.05 0.05
F(-) 0.5 0.5 0.5 0.5 0.5629
MCF(-) 1.0
OX(-) 0.1
GWP A 4-) 25
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Table 4. Comparison of GHG Emissions According to Each Scenario

Unit : Gg CO,_eq
Year 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006
Scenario 1 4,738 4,115 4,178 3,839 3,676 3,649 3,819 3,375 3,452 4,483
Scenario 2-1 5,697 4,610 4,551 4,526 4,934 4,771 4,798 3,524 3,446 3,273
Scenario 2-2 16,646 15,797 15,848 15,952 16,389 16,200 16,209 14,908 14,755 14,393
Scenario 2-3 17,219 16,333 16,340 16,391 16,779 16,542 16,509 15,170 14,978 14,548
Scenario 3 20,251 19,597 19,753 19,834 20,223 19,959 19,885 18,485 18,220 17,656
Year 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
Scenario 1 3,441 2,938 2,279 2,089 2,241 2,654 2,262 2,251 2,865 2,287
Scenario 2-1 2,479 2,343 2,388 2,172 1,975 1,525 1,431 1,585 2,025 1,870
Scenario 2-2 13,393 13,076 12,929 12,551 12,162 11,500 11,167 11,096 11274 10,886
Scenario 2-3 13,485 13,112 12,918 12,497 12,067 11,367 10,998 10,893 11,043 10,629
Scenario 3 16,458 15,987 15,661 15,065 14,466 13,624 13,134 12,912 12,973 12,468
25,000 30,000,000
20,000 25,000,000
20,000,000
- 15,000
£ o E
10,000,000
000 i £ # 1 5 i - 1 5000000
x i B B R BN

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008

year

2009 2010

2011 2012

2013 2014

Amount of disposed waste +-Scenario 1 Scenario 2-1 —4—Scenario 2-2 -m-Scenario 2-3 -e-Scenario3

2015 2016

Fig. 1. Variation of GHG emissions by each scenario in 1997-2016.
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400,000
350,000
300,000
250,000

200,000

Gg CO,_eq

150,000

100,000

0

Scenario 1

Scenario 2-1

Scenario 2-2

Scenario 2-3 Scenario 3

Fig. 2. Estimation of total GHG emissions by each scenario (1997-2016).
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Table 5. Comparison of L, Value According to Scenario

Lo (ton-CHa/Mg-MSW)

Total GHG Emissions by each scenario
[1997-2016] (ton-CHalyr)

Type Scenario Scenario Scenario Scenario Scenario  Scenario  Scenario  Scenario
2-1 2-2 2-3 3 241 2-2 2-3 3

Food 0.030 0.050 0.070 0.063 1,435,441 2,503,724 3,505,214 3,004,510
Paper 0.030  0.133 0133  0.157 1,265377 5,115,857 5,115,857 6,632,550
Wood 0.030 0.143 0.029 0.123 367,542 1,083,716 216,743 1,506,477
Rubber and leathers 0.030 0.130 0.130 0.174 271,362 704,128 704,128 1,569,927
Others(Combustible) 0.030 0.167 0.167 0.107 734,167 4,078,703 4,078,703 2,617,328
Clothes 0.030 0.080 0.080 0.128 14,664 35,880 35,880 62,643
Industrial sludge 0.030 0.017 0.017 0.069 238,913 145,038 145,038 551,384
Domestic sludge 0.030 0.017 0.017 0.039 183,977 112,040 112,040 328,007
Animal and vegetable residues 0.030 0.167 0.167 0.085 27,501 152,782 152,782 78,158
Cooking oil waste 0.030 0.167 0.167 0.270 2,709 16,040 16,040 24,386
Boards/Panel 0.030 0.013 0.013 0.004 3,176 1,412 1,412 397
Construction waste 0.030 0.013 0.013 0.004 71,241 31,663 31,663 8,911
Hazardous waste 0.030 0.000 0.000 0.056 124,460 0 0 179,586
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Table 6. DOC; Values Calculated Through Laboratory Experiment for Each Type of Waste'”

Initial total organic carbon

Organic carbon remaining after decomposition

Waste type (kg/dry kg) (kg/dry kg) (E(;;;
A B
Newsprint 0.49 0.42 0.15
Office paper 0.40 0.05 0.88
Old corrugated containers 0.47 0.26 0.45
Coated paper 0.34 0.27 0.21
Branches 0.49 0.38 0.23
Grass 0.45 0.24 0.47
Leaves 0.42 0.30 0.28
Food 0.51 0.08 0.84
Table 7. DOC; Values for Paper Type in Australia"”’
B e % o tm;or;s;)j:tlti): ol Cellulose ang%;emmellulose DOC,
Newspaper 4 54.6 0.15
Office paper 11 91.3 0.88
Cardboard 58 67.2 0.45
Coated paper 1 51.7 0.21
Other paper 25 72.0 0.49
Weighted average of above 0.49
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Table 8. Comparison of Waste Types for Estimating GHG Emissions in 2006 IPCC Guideline, Korea and Finland™"*"”

Country Waste type
2006 IPCC nine kmds. of waste'type .
(Food, Garden, Paper, Wood, Textiles, Nappies, Sludge, MSW, Industrial)
17 kinds of waste type
Korea (Food, Paper, Wood, Plastic, Rubber and leathers, Others(Combustible), Others(Non-combustible),
Clothes, Industrial sludge, Domestic sludge, Animal and vegetable residues, Cooking oil waste,
Boards, Panel, Construction waste, Medical waste, Hazardous waste)
Solid municipal eight kinds of waste type
waste (Textiles, Food, Paper, Wood, Garden, Napkins, Mixed packaging, Other organic)
Municipal sludge three kinds of waste type
(from dry matter) (Handling plants, Septic tanks, Sand separation)
. four kinds of waste type
Industrial slud; . . .
Finland ( ;;011: :ila :nl:lttif) (Pulp and paper (mainly wastewater sludges), Other industry (mainly wastewater sludges),
v Deinking (pulp industry), Fibre and coating (paper industry))
L . 10 kinds of waste type
SOhdv::S(izsmal (Textile, Food, Paper, Wood, Garden, Deinking reject, Oil, Green liquor sludge, Mixed
packaging and other organic (slowly), Other organic (moderately degrading))
Construction and six kinds of waste type
demolition waste (Asphalt and tar, Wood, Mixed, Paper (packaging), Textile (packaging), Other (packaging))
O, penetration
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Fig. 4. Conceptual overview of MCF value at working face in anaerobic landfill.
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