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ABSTRACT 

This study is primarily focused on the estimation of total methane emission potential from waste disposal sites in Indore city if it 
goes to landfill instead of open dumping and its effect on Indore climatic changes. The results from two estimation methods, i.e. 
default method proposed by the Intergovernmental Panel on Climate Change (IPCC) and Landfill Gas Emission Model 
(LandGEM) proposed by United States Environmental Protection Agency (EPA) are compared. From the information on waste 
generation rate and total disposed waste amounts at Devguradia disposal sites in Indore, total methane emission potential from 
these waste sources was estimated to be 0.388 Gg/year by IPCC method, considerably higher than 0.307 Gg/year predicted by 
LandGEM of EPA.  If we convert open dumping into landfill site gases emitted from it can be used as a green energy asset. The 
emission rate was found to vary widely as a result of the variations in local climatic conditions, waste characteristics, waste 
disposal methods and gas migration in the waste disposal site. Landfill Gas Emissions projects give the possibility of CDM 
Credits, government subsidies and “green” electricity tariffs, it should become a more viable industry in India. Local benefits 
include better managed landfill sites through reduced odors, explosion risks, employment opportunities and increased electricity 
supply GHG emissions reduction. 
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1. INTRODUCTION 
Continuous increase of the urban population yields increasing amount of waste to be disposed. Most of the developing 
countries are facing problems of rapid urbanization & industrialization. India’s level of urbanization is projected to rise 
from about 28 % in 2001 to 36% by 2026 when the total urban population could umber roughly half a billion. The per 
capita waste generation rate in India has increased from 0.44 kg/day in 2001 to 0.5 kg/day in 2011, fuelled by changing 
lifestyles and increased purchasing power of urban Indians [1].Meanwhile in central India, Indore city is developing at a 
rapid pace and the population is expected to reach about 25.34 lacs by the year 2011 and 36.11 lacs by the year 2021. In 
the year 2001, MSW (Municipal Solid Waste) generation rate in Indore is 600 tons/day, which is increases 743 ton/day in 
the year 2007 [2]. On a yearly average basis solid waste generation increases at a rate of 14%. 
Greenhouse gases are produced from the degradation of wastes under anaerobic conditions through microbial activities. 
These waste disposal sites are considered as one of the most important anthropogenic sources of greenhouse gases, 
especially methane gas, which has a global warming potential 21 times that of carbon dioxide [3]. CH4 produced due to 
mismanagement of Municipal solid waste contributes to approximately 3 to 4 percent of the annual global anthropogenic 
greenhouse gas emissions. Emissions from solid waste disposal are expected to increase with increasing population and 
GDP. Human societies are currently adapted to some extent to weather and climate variability. It is therefore important to 
identify where populations are not able to cope with current climate variability and extremes, such as floods, droughts and 
heat-waves. This shows where additional interventions are needed now. Improving the capacity to cope with current 
climate variability will probably improve the capacity to cope with long-term climate change. 
The objectives of this study are: 

 Evaluate the methane emission potential from MSW generated in the coming years if the MSW used as a landfill 
material  

 Effect on climate change due to open dumping of MSW  
The results can be used as primary information for the development of mitigation plans for this greenhouse gas emission 
at national level. 
 
2. METHODOLOGY 
The main problem of modeling LFG generation is not only forecasting the amount of LFG (Landfill Gas) which will be 
produced, but also the rate and the duration of the production [4]. The methane emission potential was evaluated by two 

Comparisons of Two Methods for Methane 
Emission at Proposed Landfill Site and Their 
Contribution to Climate Change: Indore City 

 
Dr. Rubina Chaudhary 1, Rohit Garg 2 

 
1 Reader 

School of Energy and Environmental Studies, Devi Ahilya University, Indore, M.P., India. 
 

2 M. Tech Energy Management Student 
School of Energy and Environmental Studies, Devi Ahilya University, Indore, M.P., India. 



International Journal of Application or Innovation in Engineering & Management (IJAIEM) 
Web Site: www.ijaiem.org Email: editor@ijaiem.org  

Volume 3, Issue 5, May 2014   ISSN 2319 - 4847 
 

Volume 3, Issue 5, May 2014 Page 10 
 

different methods, i.e. default method proposed by the Intergovernmental Panel on Climate Change (IPCC) [5]and 
Landfill Gas Emission Model (LandGEM) proposed by United States Environmental Protection Agency (EPA)[6]. The 
details of each estimation method are presented as follows. 
2.1 Determination of Methane Emission Potential by IPCC Method 
The IPCC methodology for estimating CH4 emissions from SWDS (Solid Waste Disposal Site) is based on the First Order 
Decay (FOD) method. This method assumes that the degradable organic component (degradable organic carbon, DOC) in 
waste decays slowly throughout a few decades, during which CH4 and CO2 are formed. If conditions are constant, the rate 
of CH4 production depends solely on the amount of carbon remaining in the waste. As a result emissions of CH4 from 
waste deposited at a disposal site are highest in the first few years after deposition and then gradually decline as the 
degradable carbon in the waste is consumed by the bacteria responsible for the decay. 
The CH4 emissions from solid waste disposal in a single year can be estimated using Equation.1. CH4 is generated as a 
result of degradation of organic material under anaerobic conditions. Part of the CH4 generated is oxidized in the cover of 
the SWDS, or can be recovered for energy or flaring. The CH4 actually emitted from the SWDS will hence be smaller 
than the amount generated.  

 T
x

TTxCH OXRgeneratedCHQ 






   1,44

                                                
(1) 

Where: 
CH4 Emissions = CH4 emitted in year T, Gg 
T = inventory year 
x = waste category or type/material 
RT = recovered CH4 in year T, Gg 
OXT = oxidation factor in year T, (fraction) 
 
The basis for a first order decay reaction is that the reaction rate is proportional to the amount of reactant remaining [7], 
in this case the mass of degradable organic carbon decomposable under anaerobic conditions (DDOCm). Decomposable 
DOC from waste disposal data can be calculated from Equation 2. 

MCFDOCDOCWDDOCm f      (2) 
Where 
DDOCm = mass of decomposable DOC deposited, Gg 
W  = mass of waste deposited, Gg 
DOC = degradable organic carbon in the year of deposition, fraction, Gg C/Gg waste 
DOCf  = fraction of DOC that can decompose (fraction) 
MCF = CH4 correction factor for aerobic decomposition in the year of deposition (fraction) 

 
On the basis of first order decay, the amount of CH4 emission on the SWDS depends only on the total mass of the 
decomposing material currently on the site. The methane emission rate at year T and k (yr-1) is the first order rate 
constant. The fitting of the estimated time-course changes in methane emission allows an estimation of the first order 
decay rate (k) as well as the half-life [8]. In this study, the k value was estimated using the methane emissions from 
different ages of landfills.  
The k value determines the rate of generation of methane from refuse in the landfill. The higher the value of k, the faster 
total methane generation at a landfill increase (as long as the landfill is still receiving waste) and then declines overtime 
after a landfill closes. The value of k is a function of the following factors: (1) refuse moisture content, (2) availability of 
nutrients for methane-generating bacteria, (3) pH, (4) temperature, (5) composition of waste, (6) climatic conditions at 
the site where the disposal site is located, (7) characteristics of the Solid Waste Disposal Site (SWDS), and (8) waste 
disposal practices [5] [9]. Deism accumulated decomposed in the SWDS at the end of the year calculated from Equation 3 
and Equation 4 

 k
TTT eDDOCmaDDOCmdDDOCma 
  1      (3) 

 k
TT eDDOCmadecompDDOCm  1      (4) 

Where: 
T   = inventory year 
DDOCmaT  = DDOCm accumulated in the SWDS at the end of year T, Gg 
DDOCmaT-1  = DDOCm accumulated in the SWDS at the end of year (T-1), Gg 
DDOCmdT   = DDOCm deposited into the SWDS in year T, Gg 
DDOCm decompT = DDOCm decomposed in the SWDS in year T, Gg 
k = reaction constant, k = ln(2)/t1/2 (y-1) 
t1/2 = half-life time (y) 
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The amount of CH4 formed from decomposable material is found by multiplying the CH4 fraction in generated landfill gas 
and the CH4 /C molecular weight ratio as shown in Equation 5 below. 

12
16

4  FdecompDDOCmgeneratedCH TT        (5) 

Where: 
CH4 generatedT  = amount of CH4 generated from decomposable material 
DDOCm decompT = DDOCm decomposed in year T, Gg 
F = fraction of CH4, by volume, in generated landfill gas (fraction) 
16/12 = molecular weight ratio CH4/C (ratio) 
 
2.2 Determination of Methane Emission by Landfill Gas Emission Model (LandGEM) 
The United State Environmental Protection Agency (EPA) has developed a program called Landfill Gas Emission Model 
(LandGEM) for the estimation of methane from degradation of solid wastes in the waste disposal site with time [6]. The 
model is based on first-order decay reaction in waste degradation and methane generation as shown in Equation 6. 
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Where 
QCH4 = annual methane generation in the year of the calculation (m

3
/year)  

i = 1 year time increment  
n = (year of the calculation) - (initial year of waste acceptance) 
 j = 0.1 year time increment  
k = methane generation rate (year

-1
) 

Lo = potential methane generation capacity (m
3
/Mg) 

Mi = mass of waste accepted in the i
th 

year (Mg)  
tij = age of the j

th 
section of waste mass Mi accepted in the i

th 
year  

 
The production of methane is determined using the first-order decomposition rate Equation no. 6 and is not affected by 
the concentration of methane. However, the concentration of methane affects the calculated production of carbon dioxide. 
The production of carbon dioxide (QCO2) is calculated from the production of methane (QCH4) and the methane content 
percentage (PCH4) using the equation 

   1100//1
442

 CHCHCO PQQ     (7) 
Where  
Qtotal is the total production of landfill gas 
 
3. RESULT AND DISCUSSION 
3.1 Description of Indore Municipal Solid Waste   
A survey of waste disposal site in Indore Presently, the city generates about 908 Ton/day of Municipal Solid Waste 
(MSW) [1]. All the stages of SWM (Solid Waste Management) are collected for transportation and disposal of refuse. 
Presently, the IMC (Indore Municipal Corporation) only removes about 70% of generated solid waste from the city. The 
waste is crudely dumped on the Devguradia trenching ground, about 12 km away from the city, which has an inadequate 
approach road. Through a questionnaire and field visits revealed that in the year 2011, there were currently 69 wards in 
the city they were generated 478.702 Ton/day of waste from which 335.939 tons/day were collected for disposal at 71.1% 
collection efficiency [2]. The remainder was disposed of in abandoned land, which is not identified as waste disposal site. 
Two major methods are being employed for the disposal of wastes in these sites, i.e. landfill and open dumping. The 
landfill operation normally varied widely from the minimum requirement of having only daily cover and waste 
compaction to fully equipped sanitary landfill with standard liner, cover soil, leachate collection/treatment system, gas 
collection and ventilation system and groundwater monitoring wells.  
 
3.2 Determination of Total Methane Emission Potential by IPCC Method 
In the estimation of methane emission potential from waste disposal sites in Indore by IPCC default method, the fraction 
of biodegradable organic carbon and biodegradable organic carbon that is readily available for degradation was set at 0.5 
and 0.25 Gg C/Gg waste. Methane content in landfill gas was assumed at 0.5 fractions. These figures were the typical 
values for municipal solid wastes characteristic [5]. The fraction of methane gas that is oxidized to carbon dioxide was 
not taken into account, or in other words OX was assumed to be 0. The estimation of methane emissions from landfills 
through the FOD equation suggested as a first order reaction rate as k=0.02 or a half life about 35 years are associated 
with dry and slowly degradable waste such as wood or paper. It is comparatively lower than k=0.2 or half life of about 3 
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years for high moisture and rapidly degradable waste such as food waste. The amount of solid wastes that is available for 
anaerobic degradation and methane generation was assumed 50% of the total waste amount for landfill. The results show 
that there was about 0.388 Gg/year of methane emission potential in those sites in the Year 2012.  

 
3.3 Determination of Methane Emission by Landfill Gas Emission Model (LandGEM) 
LandGEM is an automated tool for estimating emission rates for total landfill gas, methane, carbon dioxide, non-methane 
organic compounds (NMOCs), and individual air pollutants from MSW landfills. LandGEM is based on a first-order 
decomposition rate equation for quantifying emissions from the decomposition of landfill waste in MSW landfills. The 
software provides a relatively simple approach to estimating landfill gas emissions. From the input of waste received rate 
of each landfill, methane emission can be estimated by assuming methane production potential (L0) of 170 m3/ton and 
first-order decay rate constant (k) of 0.02 years-1. These values are recommended as the typical figures for developing 
countries which usually have a high amount of readily biodegradable wastes [6]. For open dumpsites, methane emission 
potential was assumed to be 50% of landfill. 
It was found that total methane emission of 0.307 Gg/year was estimated from all waste disposal sites in 2012. The 
estimated value is considerably less than that of IPCC method as they are calculated on a different basis. The 
LandGEM‐model minimizes the discrepancy by application of the conventional model per 1/10th of a year. The reason 
for this is that in the USA more and more landfill bioreactors are expected to be realized, where waste degradation is 
enhanced by leachate recirculation. Due to the high k‐values encountered here ([11], expect half‐lives just in excess of 2 
years) the error in the conventional first order model is increased. To accommodate LandGEM for landfill bioreactors, 
LandGEM is adapted to calculate per 1/10th of a year. IPCC 2006 comes up with a more accurate equation, based on 
integrating the actual generation curve [12]. As the landfill site in Indore will become as young landfills (less than 10 
years old), so that it goes active phase of methane production and contribute a larger percentage in total methane emission 
from other waste disposal sites in the country. 
Total landfill gases, Methane (CH4), Carbon dioxide (CO2) and NMOC gas production increases from 2012 to 2024 when 
continuously waste dumping done on site with the increasing waste generation rate than from year 2024 graph goes on 
drastically fall due to further dumping stopped and decay rate of the waste goes on decreasing. 
From the figure1 it is clearly shown that methane (CH4) production is higher than any other gases in landfill sites. 
 

 
Figure 1: Gases Emissions from Landfill 

4. CLIMATE CHANGE SCENARIO 
Indore has experienced very rapid population growth during the last 20 years. This rapid growth in a very short time span 
is actually the hallmark of Indore's demographic trends. The population of Indore City increased from 8.84 lacs in the 
year 1981 to 25.34 lacs in 2011 as shown in Table1 [14]. On an average the growth rate in the city has been of the order 
of 40%. Thus the average increase in Indore has been higher as compared to the national growth rate (@ 22%, which can 
be attributed mainly to the rapid urbanization of the city. However the decadal growth rate compares very well with the 
state growth rate in urban areas, which stands at 44.9%. 
 

Table 1: Population Projection of Indore city 

Year Pop. (In lacs) Average Decadal 
Growth rate (%) 

1981 8.84 +44.68 
1991 11.04 +29.86 
2001 16.39 +48.46 

2005 (Estimated) 20.57  
2011 (Projected) 25.34  
2021 (Projected) 25.34  
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Rapid urbanization and changing lifestyles will result in a considerable increase in generation of municipal solid waste in 
Indore city. Which is shown in table 2 [2] below, moreover the municipal area of the city will increase in the future years. 
Proper collection, transportation and disposal system as per MSW rules 2000 is required for the city, including training 
and awareness for existing staff and citizens of the city. 

 
Table 2: Projections for Population and MSW Generation 

Year Pop. (In lacs) Average Decadal 
Growth rate (%) 

Projected MSW 
generation rate 

Projected 
Quantity of 

MSW 
generation 

2001 16.39 +48.46 300g/P/Day 491.0 TPD 
2005 

(Estimated) 20.57  350g/P/Day 720.0 TPD 

2011 
(Projected) 25.34  400g/P/Day 1013 TPD 

2021 
(Projected) 36.71  450g/P/Day 1652 TPD 

 
Piliakhal Nalla, Palasia Nalla and Bhamori Nalla all these nallas are joined with Khan River and no lining or proper 
bunding of these nalla has been done till date. These Nalla are water logged round the year as large quantities of MSW is 
thrown into them, which lead to formation of methane, NOx, H2S etc. Water logging and dumping of MSW in these open 
drains make them septic. 
These nallas generate gases, which are responsible for Climate Change. The total quantity of septic mass generating 
methane, NOx, H2S etc. is more than 2000 MT to 3000 MT [2] 
All these nallas pass through the densely populated areas of the city. Due to water logging in these nallas, they have 
turned into breading ground of Larva and many water borne diseases. The polluted water of these nallas pollute surface 
water as well as ground water sources due to which various diseases like Dengue, Malaria, Chicken Gunia, typhoid, 
yellow fever etc. is prevailing, in the city of Indore. 
Indore has a moderately extreme climate; average temperature is 24.5 0C, the range of average monthly temperature is 
140C, the warmest average maximum temperature is 400C (April & May), the coolest average minimum temperature is 
100C (January & December) and Indore receives on long term average annual rainfall is about 943 mm, with variation 
within the years. The monsoon rainfall accounts for about 90% of the annual rainfall. However, unlike other places in 
central India, the summer nights in Indore are something special. Due to its location on the southern edge of the Malwa 
plateau, however hot it may be during the day, in the late evening, cool breeze starts, which make the evenings quite 
pleasant, referred to as Shab-e-Malwa.  
The average temperature of Indore may increase by 2 0C by 2030 and by 2080; it may go up by 3 to 4 0C. Besides, Urban 
Heat Island (UHI) effect may add another 2 to 4 0C. To sum up, the maximum temperature of Indore may cross 50 0C in 
2080. It has been predicted in the report 'Indore City Resilience Strategy for Changing Climate Scenarios'. Survey in this 
connection was carried out by TARU under the Asian Cities Climate Change Resilience Network (ACCCRN) project, 
which is shown in figure 2[13]. Right now, the average temperature in summer is around 42 0C. Variation in maximum 
and minimum temperature occurs which shown in figure 3 [10] and there is a large variation in an average rainfall in 
past decades, yearly variation of rainfall is shown in figure 4 [10] below. 
 

 
Figure 2: Indore Future Mean Temperature: 2046-2065 
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Figure 3: Average High and Low Temperature of Indore in Year 2011 

 

 
Figure 4: Average Rainfall of Indore in Year 2011 

 
The study also reveals the change in climate coupled with increase in temperature may lead to erratic rainfall and 
flooding. The report has predicted annual average rainfall of about 200mm by 2030 and increase of another 100 to 150 
mm by 2050 is predicted by CGCM3 (Coupled Global Climate Model 3) while CNRM (Centre National De Researches 
Meteorologiques)  and MPI (Max Planck Institute) models shows not much variation as shown in figure 5. [13]  

 

 
Figure 5: IndoScenario Mean Rain Fall Scenarios 2046-2065 
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The report reads that there are a number of low-lying areas across the city which will suffer short-term flood risks due to 
excess rainfall/intense precipitation. Water-logging and associated health risks may turn a matter of great concern. 
With changes in climate and the rise in water demand, city may also suffer an acute water scarcity. By the year 2024, 
Indore will require around 564 MLD and by the year 2039, the city will require 864 MLD. As of now, the city receives 
only 220 MLD of water [13]. With shrinking water resources, city will face serious problems to meet its water 
requirements. 
The Central Pollution Control Board carried out Comprehensive Environmental Pollution Index Assessment (CEPI) 
Study in association with Indian Institute of Technology, Delhi. Based on the study, 43 Industrial Clusters out of 88 listed 
have been declared as Critically Polluted areas having CEPI of more than 70, which includes Indore City and its 
industrial clusters at the 38

th 
place [14]. The CEPI scores of Indore in Air were 59.00, in Water  57.50 and in the land 

was 52.00. So that overall CEPI Score become 71.26.  
 
5. CONCLUSION 
From the estimation of methane emission potential in Indore by IPCC default method, it was found that about 0.388 
Gg/year of methane gas could be released in the Year 2012, which is considerably higher than 0.307 Gg/year obtained 
from Landfill Gas Emission Method (LandGEM) proposed by EPA. Nevertheless a wide range of variation in methane 
emission rate within and between the sites was expected as it could be affected by waste characteristics, climatic 
condition, disposal methods, age of the disposal site and gas migration within and across the site boundary. Through the 
recovery of LFG there is the possibility of receiving a certified emission reduction (CERs) certificates under the CDM 
mechanism. There are no laws enforcing the capture of methane from landfills. Capturing methane from landfills for 
energy utilization has been shown to be economically viable in many countries. In India, methane from solid waste 
disposal is predicted to rise significantly; the current ban on organic wastes is not likely to affect this predicted rise in 
methane emissions. As such, LFGE appears to be an excellent near-term energy and environmental solution for India, 
and merits further consideration by the government. 
The first LFGE projects are likely to be more expensive to run, but given the possibility of CDM Credits, government 
subsidies and “green” electricity tariffs, it should become a more viable industry in India. Local benefits include better 
managed landfill sites through reduced odors, explosion risks, employment opportunities and increased electricity supply 
GHG emissions reduction. 
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