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Developments of Greenhouse Gas Generation Models and Estimation Method
of Their Parameters for Solid Waste Landfills
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Abstract

The objective of this research is to develop greenhouse gas generation models and estimation method of their parameters for
solid waste landfills. Two models obtained by differentiating the Modified Gompertz and Logistic models were employed to
evaluate two parameters of a first-order decay model, methane generation potential (Ly) and methane generation rate constant
(k). The parameters were determined by the statistical comparison of predicted gas generation rate data using the two models
and actual landfill gas collection data. The values of r-square obtained from regression analysis between two data showed that
one model by differentiating the Modified Gompetz was 0.92 and the other model by differentiating the Logistic was 0.94.
From this result, the estimation methods showed that Ly and k& values can be determined by regression analysis if landfill gas
collection data are available. Also, new models based on two models obtained by differentiating the Modified Gompertz and
Logistic models were developed to predict greenhouse gas generation from solid waste landfills that actual landfill generation
data could not be available. They showed better prediction than LandGEM model. Frequency distribution of the ratio of Qcs
(LFG collection system) to Q (prediction value) was used to evaluate the accuracy of the models. The new models showed
higher accuracy than LandGEM model. Thus, it is concluded that the models developed in this research are suitable for the pre-
diction of greenhouse gas generation from solid waste landfills.

Keywords : Solid waste landfill, Greenhouse gas generation model. Methane generation potential, Methane generation rate
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Table 1. Status of S landfill site (1st site)

Index S Landfill
Period of landfilling (year) 1992.2~2000.10
Landfill capacity (m®) 64,252,860
Food 312
Paper 16.6
Wood 39
Combustible;
Rubber/Leather 42
MSW - -
%) Vinyl/Plastic 5.7
Others(etc) 8.0
Briquet Ash/Glass 5.1
Non-
combustible Metals >2
Soil etc 8.6
Ash 04
. Organic/inorganic sludge
Indust?;l) l) waste Drinkingwatertreatmentplant 31
Organic/inorganic sludge 6.0
(Wastewater treatment plant) ’

Table 2. Landfill gas and methane generation rate in S landfill
site (1st site)

Year LFG collection system Mgasuremept
(m® LFG/min) | (m® CHy/min) | (m" LFG/min)

1997 168 84 -

1998 298 149 .

1999 311 156 -

2000 406 203 .

2001 304 152 -

2002 204 102 .

2003 59 30 -

2004 237 119 -

2005 208 104 212

2006 190 95 182

2007 137 69 152

2008 132 66 122

2009 128 64 98

2010 107 54 9%
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Table 3. Annual amount of wastes landfilled in S landfill site
(1st site)

Year Amount of wastes landfilled (ton)
1992 1,462,254
1993 8,088,911
1994 11,664,891
1995 9,177,982
1996 8,613,533
1997 7,702,975
1998 6,603,425
1999 6,027,635
2000 4,911,254

R(Dgou= dd =R xexp{2 exp[l+ (ﬂ t)j| - }(1)
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{l +exp|:7m(/17t)+2j|}
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P = ZZHEE (mL/g VS)

Ry = HEPIBE (mL/g VS - yr)

A=A (yr)

t  =2RE (yr)

M = ARE tolMe] HgbAIE (mL/g VS - yr)
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® LFG collection system
—— Equation (5.4)
- Equation (5.3)
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Fig. 1 Regression analysis for determination methane
generation potential and methane generation constant
using equations (3) and (4)
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o} vlwste] vl =2 wERAPIA RS YERNQITE. St
H 23 52007y BMP AFS 53 vjghiAgke] At
Aol H7IEHANA Y debddER FjerbE 5 QL
S5 AFENeH, 5 5(2011)8] FFEAINE BMP

R I Y

A3 Bl A kAL e] B Asguct 3}
W7 AC® Bl Itk webd BMP A% SO
S2A A9 F vieApe] e @golel o
7NE Bole Aol Qlele] Jrjmrka St gk Ao
Az,

Table 4. Methane generation potential and methane generation rate constant in S landfill site (1st site)

Parameter Eq. 3) Eq. 4)
Pl 839,998,612 351,281,855
Total CH amount(m®) P2 201,778,988 576,307,430
Total 1,041,777,600 927,589,285
Amount of wastes landfilled (ton) 64,252,860
_ - Lol 13.07 5.47
Metha.ne( iingﬁil/(;gﬂg)otentlal Lo2 314 .97
Total 16.21 14.44
R1 53,400,537 75,131,253
Maximum methane generation rate (m3/yr)
R2 48,119,863 50,147,961
k1 0.06 0.21
Methane generation rate constant (yr™') k2 0.24 0.09
Total 0.10 0.14
™ 43 5.0
Lag-phase (yr) g 53 .
Correlation coefficient, R? (<) 0.92 0.94
p-value 0.0003 0.0001
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Table 5. Results of methane generation potential and methane generation constant with various recovery efficiencies

Recovery efficiency Parameters Eq. 3) Eq. 4)
100% Methane generation potential (m> CHy/ton) 16.21 14.44
Methane generation rate constant(yr ') 0.10 0.14

00% Methane generation potential (m> CHy/ton) 18.01 16.04
Methane generation rate constant (yr™') 0.10 0.14

20% Methane generation potential (m> CHy/ton) 20.26 18.05
Methane generation rate constant (yr™') 0.10 0.14

HEPRAI ST 0] - Als3] 52001y W HlEHAIS
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Ko, 0.120 yr'Z S w wgk 2 sele vlsshg
ASFEG A= AoE veplial ok AR 5
2010y 21 E 52010y =dle] Th2 wijgxel] digt &
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o} ¥Rl 52009y FEERHEA | et wehEEA)
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®  LFG collection system
200 d LandGEM (L(=16.21, k=0.10)
.......... LandGEM (L=14.4, k=0.14)
£ 1 ® .
g 10 o®
=
5 , .
« B @
= 100 A . LN
/e
®
50 4
[ o o e L s o 0 N L S L I e s s e e e
1992 2002 2012 2022

Time(year)
Fig. 2 Estimation of methane generation by LandGEM model
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®  LFG collection system
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—&— LFG collection system
O Equation (8)
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Fig. 4 Estimation of methane generation rate by equations
(8) and (9)

Table 6. Summary of regression parameters for each model

Model R-square |Adj. R-square
Eq. (8) 0.885 0.875
Eq. 9) 0.889 0.879
LandGEM model (L¢=14.4, k=0.14)
LandGEM model (Ly=16.0, k=0.14) 0.746 0.723
LandGEM model (L¢=18.0, k=0.14)
LandGEM model (Ly=16.2, k=0.10)
LandGEM model (L;=18.0, k=0.10) 0.777 0.756
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