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Abstract - A landfill is one of the most popular forms of waste management around the world. Most research has focused on 
leachate, or gas, in a landfill system, which needs to be tightly controlled to ensure that no explosions occur, among other concerns. 
Landfill gas can be used for electricity generation and, when properly managed, can reduce air and waste pollution. This work 
reviews articles related to the following: (i) estimation models for methane generation in the landfill, (ii) various computer 
simulation techniques and their assumptions, and (iii) application of those models and techniques. This paper also describes and 
compares the advantages and disadvantages of recent methane emission models and computer simulation techniques, as well as 
their real-world applications.) 
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I. INTRODUCTION 

 
Following the rapid increase in world population and 

unprecedented urbanization, waste is generated in larger and 
larger amounts, particularly in cities, and especially in 
developing countries (Yang et al., 2018). One million metric 
tons of waste is generated daily around the world. Its 
mismanagement directly affects human health because of its 
harmful contaminants and gases emitted into the 
environment. Moreover, mismanagement of germ-
containing waste can lead to widespread contagious disease 
carried by insects. In addition, waste has been reported to 
cause cancer in the populations living near landfill sites 
(Giusti et al., 2009). Proper waste management eliminates 
adverse impacts on the environment and human health 
(Dawane et al., 2015).   
 
A. Waste Management 
 

Effective waste management, especially of toxic 
materials, is a major challenge for global sustainable 
development. A range of methods is available for the 
disposal or treatment of waste, including incineration, 
composting, recycling, and landfill. Incineration is one of 
the most popular treatment techniques in many areas, 
because of its ability to reduce waste mass by 70%, and 
volume by up to 90%. This method is an electricity 
generation process, consisting of three steps, namely, 

incineration, energy recovery, and air pollution control, 
which concerns air pollutants such as SOX, COX, and 
NOX. There are many advantages to this technique, such as 
it is the most suitable for high calorific value waste; units 
with high throughput and continuous feed can be set up; 
thermal energy can be harnessed for power generation or 
direct heating; it being relatively noiseless and odorless; low 
land space is required; it can reduce transportation costs, and 
it is hygienic. In contrast, the disadvantages include it being 
the least suited for aqueous, high moisture content, low 
calorific value, and chlorinated waste; toxic particulate 
emissions; the high cost, and the overall efficiency of small 
power stations being low. Recycling means the process of 
converting waste materials into new materials. This 
technique is an alternative to conventional waste disposal, 
can save materials, and help lower greenhouse gas 
emissions. Glass, paper, plastic, and metals, such as 
aluminum and steel, are all commonly recycled. 

Composting is the biological process of breaking up 
organic waste, especially found in organic farming, into 
extremely useful humus by various micro-organisms, 
including bacteria and fungi. Composting is often described 
as nature’s way of recycling and is a key ingredient in 
organic farming. Landfill gas recovery is the least costly 
option in which gas produced can be utilized for power 
generation or direct thermal application. However, surface 
runoff during rainfall can cause pollution, especially where 
soil and groundwater may be polluted by leachate. 
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Moreover, this way has significant transportation costs 
(Daniel et al., 2018; Khanjan et al., 2014). Landfill remains 
the most widely used approach in the developing world due 
to its low cost. However, improper management can result 

in major health and environmental problems (Marion et al., 
2008). 
 

 

 
Figure 1. Waste disposal worldwide by region (modified from Khanjan et al., 2014) 

 
Waste treatments worldwide, in Figure 1, are divided 

into six different regions (Central and Eastern Europe, 
Western Europe, North America, South America, Africa, 
Australia, and Asia). Open dumping is defined as land 
disposal where the waste is disposed of without proper 
control and without environmental protection. This way is 
inexpensive, but harms human health, and can lead to air 
and water pollution. As we can see from the graph, the most 
commonly accepted methods of waste disposal are open 
dumping and landfill in several areas around the world. 
Asia, Africa, and South America prefer open dumping, 
while landfill is the most popular technique for the other 
areas (Khanjan et al., 2014; The Statistics Portal, 2018). 
Moreover, a major part of this waste is treated by landfill, 
which has its own influence over the land and environment 
(Dawane et al., 2015). 
 
B. Landfill 

 
Landfilling is one of the most commonly adopted 

technologies for refuse disposal. Landfill methods continue 
to be widely used in different countries for the final disposal 
of solid waste material due to their economic advantages. 
There are two majors to consider in landfill: leachate and 
landfill gas. Leachate is a release from sanitary landfill, 
consisting mainly of leachate, which has become the subject 
of recent interest in strongly polluted wastewater and biogas, 
which is a resource which can be utilized for energy 
production (Renou et al., 2008; Tchobanoglous et al., 1994). 
However, a lot of greenhouse gases, especially CO2 and 
CH4, are products in landfill waste management processes. 
Therefore, to reduce greenhouse gases, governments around 

the world are encouraging projects that turn landfill gas to 
electricity. The collection and utilization of this valuable 
renewable energy source for power generation are seen 
worldwide. Landfill methane is abundant and readily 
sourced. There is the potential to produce 2,700 MW of 
electricity generating capacity in the United States alone, 
and 9,000 MW worldwide (Uisung et al., 2017). 

Landfill gases are mixtures of several gases, with its 
main constituents being methane and carbon dioxide, being 
the main gases produced by the landfill process (Landfill 
Methane Outreach Program, 2018). This is an alternative 
method of methane and carbon dioxide emission control, 
which can be created by the reaction of certain chemicals 
presented in waste. This process can be divided into two 
main parts, aerobic and anaerobic decomposition, which 
mainly generate methane and carbon dioxide. Methane is 
regarded as one of the most important greenhouse gases 
because its global warming potential is 28 times higher than 
carbon dioxide (Landfill Methane Outreach Program, 2018; 
Johari et al., 2012; Jha et al., 2008; Chen et al, 2008; 
Pachauri et al., 2014). Hence, studying the generation of 
methane and carbon dioxide is one of the most interesting 
research areas, especially from the greenhouse gas 
viewpoint (Tchobanoglous et al., 1994; Themelis et al., 
2007). The occurrence of carbon monoxide (CO) and its 
reaction can eventually perform chemical reactions with 
other gases such as CO2, CH4, and O3, thereby generating 
greenhouse gases and causing global warming (Seinfeld et 
al., 1998; Letcher et al., 2011; Raub et al., 2000). Global 
warming is one of a number of environmental impacts 
derived from solid waste management options. Several 
research works have focused on landfill system-related 
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gases in connection with environmental problems (Lisk, 
1991).  

Anaerobic digestion is a process of microbial 
degradation of several trophic groups of bacteria. The 
quality of the generated biogas depends on the process 
parameters and substrate composition; the biogas is typically 
composed of 50 – 75 % CH4, 25 – 50 % CO2, and 1 – 15 % 
of other gases (Marion et al., 2008; Daniel et al., 1993; Noor 
et al., 2013). The composition of the gas produced changes 
with each of the four phases of decomposition.  
  

 
Figure 2. Changes in typical landfill gas composition after waste placement 

(adapted from Tchobanoglous et al., 1994) 

 
The first phase is hydrolysis, or aerobic degradation, in 

which the aerobic bacteria digest complex organic matter 
into CO2 and H2O. The second phase is acidification, or the 
anaerobic phase, in which the soluble organic components 
are decomposed into CO2, H2, NH3, and organic acids in 
the presence of facultative bacteria. The third phase is 
acetogenesis, or the initial methanogenic phase, in which the 
organic acids produced during the second phase are 
converted into acetic acid, formic acid, alcohols, H2, and 
CO2 by anaerobic bacteria. In the final phase, 
methanogenesis, or the stable methanogenic phase, the 
methanogenic bacteria consume the product of the third 
phase and produces primarily CH4 and CO2, as well as 
other trace gases in a smaller amount (Marion et al., 2008; 
Daniel et al., 1993; Noor et al., 2013). Gas flow can be 
explained by the percentage of gas composition as Figure 2, 
which describes the four phases in the landfill (Noor et al., 
2013; Chai et al., 2016). 

This research is divided into three main sections: 
1. The first section describes the estimation model of 

methane generation in landfill gas.  
2. In the second part, we detail computer simulations of 

landfill gas through mathematical and numerical methods 
which summarize the usages of each model and compare 
them to published research.  

3. In the last section, we present applications of the 
model in real-world problems. 
 
II. MODELING FOR LANDFILL GAS MODELING FOR 

LANDFILL GAS 
 

There have been many types of research on models for 
landfill. In this part, we collect and explain the models for 
landfill gas, including techniques to find a solution for each 
condition. Landfill models can be divided into many fields, 
such as mathematical models, which use mathematical and 
numerical techniques to show results. Computer simulation 
is another technique widely used to describe landfill gas and 
transition. 
 
A. Estimation if Methane Generation in Landfill  
 

Most research on landfill has studied landfill gas 
emission, especially methane, with some research 
summarizing models to estimate methane emission from 
landfill. In order to estimate landfill gas generation, several 
studies have been undertaken to investigate and compare. 
Some of the most widely used models are described in Table 
1 (Nadaletti et al, 2015; Das et al, 2016; Kumar et al., 2017; 
Majdinasab et al, 2017; Vu et al, 2017).  Most models were 
based on the first-order decay (Monod first-order kinetic) 
model, which involves a linear relationship of the maximum 
gas generation potential per waste weight unit, as well as an 
exponential relationship of the waste degradation rate and 
time. The zero-order model gives significant inaccurate 
outcomes (Kumar et al., 2017). Following the rapid increase 
in world population and unprecedented urbanization, waste 

All models were modified for the specific area with a 
clear reference to assignment and source of parameters. 
First-order decay (FOD) for different climate conditions, 
parameter k, and L0 are different by technique. Sometimes, 
regression analysis, curve fitting or precipitation-based 
empirical model are provided for. Moreover, it depends on 
waste composition or experimental work (Majdinasab et al, 
2017). It leads to results fitted well to the actual data or 
outputs of underestimated methane generation. Therefore, 
determination of parameters affects results accuracy. The 
outputs of four mathematical models (TNO, Afvalzorg, 
LandGEM, and EPER Germany), for example, diverge from 
each other with increasing time (Das et al, 2016). The 
advantages and disadvantages, including the assumption of 
13 models (IPCC, EPER Germany, SWANA zero-order, 
SWANA first order, LandGEM, TNO, GasSim, EPER 
France, Afvalzorg, LFGGEN, Mexico, Halvadakis, and 
Numerical models) are provided to summarize the 
differences with each other (Majdinasab et al, 2017). Table 
1 shows the model widely used to estimate methane 
generation in the landfill. 
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TABLE I. METHANE EMISSION MODELS 
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TABLE II. SUMMARY OF RESEARCH ON “COMPUTER SIMULATION OF GAS GENERATION AND TRANSPORT IN LANDfiLLS” 

Authors Model’s Name Technique Finding 

Hashemi et al. 

)2002( 

 

Computer simulation of gas generation and 
transport in landfills 

I: quasi-steady-state condition 

Analytical analysis and 
numerical computation 

The model is utilized for investigating the gas 
generation and transport in a model landfill 
and the effect of various parameters.  

Sanchez et al. 

)2006( 

 

Computer simulation of gas generation and 
transport in landfills 

II: Dynamic conditions 

Analytical analysis and 
numerical computation 

The comparison of the model’s predictions 
with experimental data indicates the potential 
of the model for predicting the dynamic 
behavior of large landfills 

Sanchez et al. 

)2007( 

 

Computer simulation of gas generation and 
transport in landfills.  

III: Development of landfills’ optimal model 

Analytical analysis, 
numerical simulation 
and optimization process 
)genetic algorithm( 

The computations are carried out highly 
efficiently and in a reasonable time, even if 
one must determine the optimal values of 
thousands of parameters. 

Sanchez et al. 

)2010( 

 

Computer simulation of gas generation and 
transport in landfills.  

IV: Modeling of liquid–gas flow 

Analytical analysis and 
numerical simulation 

The results include the flow of leachate and 
landfill gas. 

Li et al. 

)2011( 

 

Computer simulation of gas generation and 
transport in landfills.  

V: Use  of artificial neural network and genetic 
algorithm for  short- and long-term forecasting 
and planning 

Artificial neural network 
)ANN( and genetic 
algorithm 

The results conclude that this model is a 
powerful approach for developing realistic 
models of landfills which can be used for 
making both short- and long-term predictions 
and planning. 

Li et al. 

)2012( 

 

Computer simulation of gas generation and 
transport in landfills 

VI: Dynamic updating of the model using the 
ensemble Kalman filter 

Genetic algorithm and 
sequential Gaussian 
simulation )Ensemble 
Kalman Filter: EnKF( 

The results demonstrate the effectiveness and 
applicability of EnKF updating. 

  
Landfill gas generation rates are currently estimated by 

mathematical models which depend on each input parameter 
for each model. Among the models widely used are TNO, 
Afvalzorg, LandGEM, EPER Germany, and IPCC; their 
formulas are shown in Table 1. The first three models are 
first-order models, whereas the last two models are zero-
order models. The TNO model uses parameters based on 
real data of landfill gas generation. The model exists itself as 
the formula. Afvalzorg is also a first-order multiphase model 
which looks similar to the TNO-model except for the 
conversion factor. This model is based on waste 
characteristics in the Netherlands, and waste is classified 
into three categories in terms of degradation rate. In 
addition, it is a freeware model. LandGEM is a model based 
on waste composition in the US. It uses confusing and 
complicated mathematics. The model EPER Germany 
considers the proportion of degradable carbon and waste 
amount, while IPCC is a model based on degradable organic 
carbon and waste disposed of, which accommodates four 
different climate regions (Renou et al., 2008; Das et al, 
2016; Kumar et al., 2017; Majdinasab et al, 2017; Vu et al, 
2017; Oonk and Boom, 1995;  Scharff and Jacobs, 2006; 
IPCC, 2006; Tozlu et al., 2016; Mmereki, 2008; Thompson 
et al., 2009) 

 
B. Computer Simulations of Landfill Gas 
 

Much research has studied computer simulations based 
on mathematical models of landfill gas. An example of 

interesting research is a series of “Computer simulation of 
gas generation and transport in landfills”, which consists of 
six research papers. Firstly, the model entitled “Quasi-
steady-state condition”, which is a three-dimensional model 
for a four-component gas mixture, takes into account the 
effect of heterogeneity in the distribution of the permeability 
and porosity in a landfill. Non-linear equations of mass 
transport and reaction are solved by a novel iterative method 
(Hashemi et al., 2002). Secondly, the model considers 
dynamic conditions by the biodegradation of wastes and 
transportation. The model is utilized for investigating the 
dynamic behaviour of a landfill, and in particular pressure 
build-up, under a variety of conditions. In addition, 
comparison of the model’s predictions with experimental 
data for a particular landfill indicates the potential of the 
model for predicting the dynamic behaviour of large 
landfills (Sanchez et al., 2006). 

Thirdly, the problem of the development of optimal 
model for landfill is addressed by formulating it as one of 
optimization, whereby the optimal spatial distributions of 
the porosity, permeability, tortuosity factor, and the total 
potential of various types of wastes for producing the gases 
in a landfill are determined, given some limited 
experimental data for a property of the landfill, such as the 
amount of methane which is extracted from it over a period 
of time. The numerical simulator is coupled to the genetic 
algorithm in order to optimize the parameter space that 
characterizes the landfill’s morphology and the reactive 
properties of the wastes (Sanchez et al., 2007). The fourth 
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model, entitled “Modeling of liquid-gas flow”, is based on a 
general model of biodegradation (Richardson equation). It 
demonstrates the strong effect of the heterogeneities of 
landfill represented by the spatial distribution of the local 
porosities, as well as an anisotropic distribution of the local 
permeability on the behavior of a landfill, and the pressure 
buildup in it (Sanchez et al., 2010). The next model, named 
“Use of an artificial neural network and the genetic 
algorithm for short- and long- term forecasting and 
planning”, develops an artificial neural network (ANN) in 
order to make accurate short-term predictions for several 
important quantities in a large landfill, including the 
temperature and gas concentrations; CH4, CO2, and O2 (Li 
et al., 2011). The last model of this series, “Dynamic 
updating of the model using the ensemble Kalman filter”, is 
based on a combination of the genetic algorithm (GA) and 
the ensemble Kalman filter (EnKF), in order to generate and 
update the landfill model (Li et al., 2012). All models were 
developed for each condition, and the updated models are 
complex and use higher techniques, as Table 2. 

Next, other research has been interested in landfill gas 
model simulation. Feng (2015a) presented a two – 
dimensional gas flow model to predict the distribution of gas 
pressure, using the CH4 emission flux trough partial 
differential equation with analytical and numerical solutions. 
This model is indicative of the flow towards a combined 
extraction system of vertical wells and horizontal gravel-
filled trenches. 

Moreover, the model has a horizontal layered structure 
to accommodate anisotropy of municipal solid waste 
(MSW) and vertical variations in both gas generation rate 
and permeability. These results provide helpful guidelines to 
landfill engineers in designing an LFG control system. It can 
be used to properly describe the gas flow towards a 
combined extraction system of vertical wells and horizontal 
drains in landfills (Feng et al., 2015a). In the same year, this 
work was improved by developing the previous model for 
different conditions to enable the study of the gas pressure 
distribution, well pressure, and recovery efficiency in 
layered landfills with horizontal wells. A horizontal layered 
structure is used to accommodate the non-homogeneity of 
various municipal solid waste aspects with respect to depth, 
including gas generation, permeability, and temperature. 
The solution was verified against another analytical solution 
and numerical simulation. Moreover, a sensitivity analysis 
of single-well model parameters was performed to optimize 
a double-well system. The results showed that a landfill with 
horizontal collection systems cannot be assumed to be one 
dimensional with increasing well spacing (Feng et 
al.,2015b). 

A comparative analysis using mathematical modeling 
and simulation, of different methanol production routes, was 
performed by considering four biogas sources: landfill, palm 
oil effluent, corn cobs, and sorghum fermentation. For all 
cases, an optimization study was performed, with the goal of 

maximizing the methanol production. The results evidenced 
that the biogas from palm oil was the most profitable, 
compared to the other sources. On the other hand, the 
landfill gas was shown to have a very limited capacity for 
methanol supply. Finally, the process optimization indicated 
that the operating conditions must be adjusted with respect 
to the biogas composition, in order to allow the maximum 
production (Santos et al., 2018). 

A model that estimates methane emissions using ambient 
air methane measurements obtained on the surface of a 
landfill was created with the method of genetic algorithm-
based optimization, combined with the standard Gaussian 
dispersion model, and employed to identify locations, as 
well as emission rates of potential emission sources, 
throughout a municipal solid waste landfill. Four case 
studies are employed in order to evaluate the performance of 
the proposed methodology. Results of the four case studies 
showed the importance of having an overall coverage of all 
waste disposal of the landfill when surface concentration 
measurements are performed (Kormi et al., 2018). 

Talaiekhozani et al. (2018) showed dispersion modeling 
by using the AERMOD View model, which is an 
atmospheric dispersion modeling system and an integrated 
system that includes three modules. Firstly, a steady-state 
dispersion model designed for short-range (up to 50 
kilometers) dispersion of air pollutant emissions from 
sources. Secondly, a meteorological data preprocessor 
(AERMET) that accepts surface meteorological data and 
upper air soundings data from on-site instrument towers. It 
then calculates the atmospheric parameters needed by the 
dispersion model. Lastly, a terrain preprocessor (AERMAP) 
whose main purpose is to provide a physical relationship 
between terrain features and the behavior of air pollution 
plumes. AERMOD View needs to be provided with several 
groups of data, such as wind direction, wind speed, ceiling 
height, global horizontal radiation, relative humidity, etc. In 
addition, AERMOD includes PRIME (Plume Rise Model 
Enhancements), which is an algorithm for modeling the 
effects of downwash created by the pollution plume flowing 
over nearby buildings. The results showed dispersion 
modeling for biogas, methane, carbon dioxide, non-methane 
organic compounds, and carbon monoxide (Talaiekhozani et 
al., 2018).   

Moreover, a simulation model was created that combines 
the multicomponent diffusive equation and Darcy’s Law 
with the dual Monod kinetic equation or convection-
diffusion model to simulate CH4 transport oxidation and 
emission in landfill cover soils. This model describes CH4, 
CO2, O2, and N2. The results show methane emission rate, 
methane emission, and the relationship of parameters. 
Additionally, it is a reliable method for the estimation of 
methane emission from landfill, which provides basic data 
for the creation of a global CH4 emission inventory (Bian et 
al., 2018), as Table III.  
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TABLE III. SUMMARY OF OTHER PAPERS ON COMPUTER SIMULATIONS ABOUT LANDFILL GAS 

Authors Model’s Name Technique Finding 

Feng et al. 

)2015a( 

A two-dimensional gas flow 
model for layered municipal solid 
waste landfills 

Analytical techniques and 
Eigenfunction expansion 

The results provide helpful guidelines to landfill 
engineers in designing an LFG control system for 
vertical wells and horizontal drains.  

Feng et al. 

)2015b( 

A model for gas pressure in 
layered landfills with horizontal 
gas collection systems 

Analytical techniques, 
separation of variable and 
finite integral transforms  

The solution can be used for the verification of 
more complex models and the preliminary design 
of a horizontal well system. 

Santos et al. 

)2018( 

Simulation and optimization of a 
methanol synthesis process from 
different biogas sources 

Numerical methods and 
optimization process 

The optimal operating parameters were found to 
be similar to the observation. They provide a good 
alternative of controlling methane greenhouse gas 
emissions from municipal solid waste. 

Kormi et al. 

)2011( 

Estimation of fugitive landfill 
methane emissions using surface 
emission monitoring and genetic 
algorithms optimization 

Genetic algorithms and 
standard Gaussian dispersion 
model 

The proposed approach enables estimation of 
landfill methane emissions and localization of 
major emission hotspots in the studied landfills. 

Talaiekhozani 

et al. )2012( 

Gaseous emissions of landfill and 
modeling of their dispersion in the 
atmosphere of Shahrekord, Iran 

LandGEM and AERMOD 
view software  

Results show modeling of pollutants’ distribution 
into the atmosphere. 

Bian et al. 

)2018b( 

A simulation model for estimating 
methane oxidation and emission 
from landfill cover soils 

Convection – Diffusion 
model, numerical simulation, 
and sensitivity analysis 

Values of methane emissions predicted using the 
new model fitted well with the values measured 
through laboratory experiments. 

  
All of the above models explained gas in landfill using 

different techniques and assumptions. We can summarize 
these techniques with machine learning, such as genetic 
algorithm, numerical method, or sensitivity analysis, which 
give good results. Moreover, some researches use efficient 
software, such as AERMOD, which is an interesting 
method, since it is an atmospheric dispersion modeling 
system and an integrated system. 

 
III. APPLICATIONS 

 
For methane emission models, there are several models 

which are comfortable to use. When using a model, the user 
ought to consider the parameters and selection of fitness 
model. Thompson et al. (2009) compare modeled methane 
generation to methane generation recovery rates for a 
statistical sample of landfills. The result showed that 
LandGEM had the least error and that TNO was a better 
model than EPER Germany. The outputs also classified the 

case of the parameter (amount of organic carbon in waste), 
which gave different errors and correlations (Thompson et 
al., 2009). Vu (2017) also compared CH4 estimations from 
landfill gas models with actual data. In particular, 
LandGEM was the best fit model, and Afvalzorg gave a 
lower percentage error than IPCC for all cases. Moreover, 
parameters k and L0 were changed for each model again. It 
can be concluded that all landfill does not have to use the 
same values of parameters. The optimal parameters depend 
on actual data (Vu et al, 2017). To use a model for the 
application, the user should test data to look for the most 
suitable model, including parameter optimization.      

CH4 generation variables, such as methane generation 
rate constant (k) and generation potential (L0), are important 
factors for several models; Table 4 summarizes these 
parameters and methods used for estimation. The methods 
for the parameter are estimated by optimization techniques 
like curve fitting, laboratory experiments, and the linear 
regression model. 

  
TABLE IV. SUMMARY OF OTHER PAPERS ON COMPUTER SIMULATIONS ABOUT LANDFILL GAS 

Authors 
Vu et al. 
)2017( 

Fei et al. 
)2016( 

Das et al. 
)2016( 

Wang et al. 
)2015( 

Mou et al. 
)2015( 

Amini )2013( 

k min 0.010 0.180 0.030 0.090 0.013 0.040 

k max 0.048 5.66 0.080 0.120 0.190 0.090 

L0 min 44 88 34 55 8 93 

L0 max 100 98 48 100 107 144 

Method 
Curve fitting by minimizing 
the residual sum of squares 

Laboratory experiments 
and landfills  

Undefined Minimizing the residual 
sum of squares 

Experimental 
work 

Curve fitting and 
linear regression 

 
Computer simulation, as shown in section 2.2, including 

the application of each model, which is a helpful guideline 
for the reader to design models for landfill by experimental 
data. Studying landfill is run on a very extensive scale, 
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particularly research on landfill gas, which gives a great 
advantage for alternative energy as power generation. 

 
IV. CONCLUSION 

 
This paper presents a comprehensive review of different 

models for landfill gas emission, especially models of 
methane emission. The most popular models (TNO, 
Afvalzorg, EPER Germany, LandGEM, and IPCC models) 
were summarized in order to describe the advantages, 
disadvantages, and parameters of each. It also discussed 
computer simulation models which formed six parts of 
research in the series “Computer simulation of gas 
generation, and transport in landfills” using a three 
dimensional model with complex techniques, such as 
artificial neural network and genetic algorithm. Other 
models were also supported for computer simulation models 
with different techniques. In addition, the application section 
recommended how to find optimal parameters and methods 
for a landfill.  
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