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Resumen

Este artículo muestra un análisis comparativo de las emisiones de biogás generadas en un relleno sanitario al aplicar
el modelo mexicano de biogás, el modelo de la Agencia de Protección Ambiental de los Estados Unidos de América
(EPA) y comparar los resultados con datos obtenidos in-situ. Las estimaciones con los modelos teóricos y la medición
en campo se realizaron en 36 pozos de venteo de un relleno sanitario ubicado en el Estado de México, México, con una
recepción diaria de 3500 kilogramos de RSU. Los resultaron in-situ mostraron una generación de biogás (CH4, CO2 y
O2) con una frecuencia media de 35,44 Hz (1/s) y emisiones de metano de 3355,99 m3/hr. En contraste los modelos
teóricos estimaron valores para el año 2018 de 6270,57 m3/hr para el modelo de la EPA y 8379,52 m3/hr para el modelo
mexicano de biogás. Los resultados mostraron variaciones significativas en las estimaciones de los modelos teóricos
versus la medición in-situ. La información generada permite discutir la confiabilidad del uso de modelos teóricos
para formular proyectos de aprovechamiento y valorización de RSU al considerar los altos montos de inversión que
implican y que las proyecciones de generación de energía se basan en la frecuencia de generación del flujo de biogás
estimado en el relleno.
Palabras clave: Biogás, metano, relleno sanitario, estimación teórica.

Abstract

This paper highlights a comparative analysis of biogas emissions produced in a Mexican landfill. The Mexican biogas
model, the model of the Environmental Protection Agency of the United States of America (EPA) were applied in
order to compare results with data obtained in-situ. The sanitary landfill located in the State of Mexico, Mexico, has
36 wells with a daily reception of 3500 kilograms of MSW. The results showed an in-situ generation of biogas (CH4,
CO2 and O2) with an average frequency of 35,44 Hz (1/s) and methane emissions of 3355,99 m3/hr. The theoretical
models estimated values for the year 2018 of 6270,57 m3/hr for the EPA model and 8379,52 m3/hr for the Mexican
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biogas model. The results showed significant variations in the estimates of the theoretical models versus in-situ mea-
surements. This result discusses the reliability of the use of theoretical models to formulate projects for the utilization
and valorization of MSW, considering the high amounts of investment involved and that the projections of power
generation are based on the frequency of generation of the estimated biogas flow in the landfill.
Keywords: Landfill gas, methane, landfill, theoretical estimation.
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Efficiency and reliability of theoretical models of biogas for landfills

1 Introduction
Biogas is a mixture of methane (CH4) (40%− 70%), car-
bon dioxide (CO2) and other gases (hydrogen, nitrogen,
oxygen and hydrogen sulfide) generated by the fermen-
tation of organic materials (Gautam et al., 2009). This gas
is the result of the fermentation of methane from different
materials, such as agricultural raw material, agricultural
products, food waste and liquid or solid feces (Iglinski
et al., 2012). The combustion of biogas allows energy re-
covery and has been widely used in thermal and electrical
power plants, among other industrial applications (Tam-
pio et al., 2014). Biogas can be used as a power source in
combined heat and energy engines. It can also be used
as a substitute for natural gas by eliminating CO2 from
CH4. Therefore, biogas is a versatile fuel used for energy
generation and the chemical industry (Scholz et al., 2013).
Biogas is generated in large volumes, mainly in landfills.
In landfills, organic matter decomposes in the absence
of oxygen resulting in the emission of biogas into the
atmosphere (Colling et al., 2016). Landfills of munici-
pal solid waste (MSW) are the third source of methane
emissions related to human activity worldwide, repre-
senting approximately 15,4% of these emissions (EPA,
2016). At the same time, methane emissions from land-
fills represent a lost opportunity to capture and use an
energy-potential resource (Cabrera and Ortiz, 2011). The
control and use of this gas must estimate, with reasona-
ble certainty, the daily production and the accumulated
production of methane (CH4) in the long term. However,
according to Calvo et al. (2005), regardless of the method
selected for estimating, methodologies should consider
that: 1) The diagnosis is only valid at the time of evalua-
tion and its validity decreases over time if the Landfill is
not monitored periodically; 2) The methodology can only
be performed for MSW sanitary landfills independent of
the reception scale; 3) The composition of landfill waste
can be obtained from reported historical data, characte-
rization data of average waste in a population or in situ
characterization.
Numerous investigations have been carried out showing
that biogas in landfills are produced over long periods of
time, even after the disposal of waste (Pillai, 2018; Lom-
bardi and Carnevale, 2016; Dace et al., 2015; Xiaoli et al.,
2011). However, the accumulation of dioxins, furans and
other toxic gas emissions in landfills creates severe en-
vironmental and public health risks in the surrounding
populations (Gomez et al., 2018; Kret et al., 2018; Hirata

et al., 1995; Bramryd, 1997; Meadows et al., 1997). There-
fore, biogas must be monitored to ensure proper control
of these emissions. This treatment usually involves the
capture and use of biogas for energy production purpo-
ses.

The economic viability of the projects to build and
operate technologies for the use and capture of biogas re-
quires accurate information on the gas composition and
especially on the estimated generation projections (Cha-
krabarty et al., 2013). The quantity of biogas produced
at the final disposal sites varies depending on the quan-
tity of waste, the type of waste, the humidity content,
the temperature and the handling practices; thus, it is
necessary to make an estimation of the gases present for
quantifying the emissions (Knox, 2005). The estimation
of the methane generated by the MSW can be carried out
using methodologies such as the EPA model and the Me-
xican biogas model, that are empirical models based on
a first order equation for the degradation of organic mat-
ter. These methodologies assume that the generation of
biogas reaches its maximum after a period of time prior
to the generation of methane; this period is one year after
the placement of solid waste for the generation of biogas.
After a year of disposing of MSW, the generation of bio-
gas decreases exponentially while consuming the organic
fraction of waste (Urrego and Rodríguez, 2016).

Because of the latter, this research considers the appli-
cation of two theoretical models (EPA model and Mexi-
can model) for the estimation of biogas in a MSW sani-
tary landfill. The results are compared with precise mea-
surements obtained in situ. This allows to identify the de-
gree of reliability and efficiency of the theoretical models
versus the real in situ measurement by comparing varia-
tions and analyzing parameters and aspects that may cau-
se possible inconsistencies.

2 Materials and methods
The research was carried out using different methodolo-
gies to estimate the biogas generated in a landfill in the
state of Mexico, Mexico. These figures were compared
with current measurements obtained with a gas analyzer
(GA5000) to identify the effectiveness in theoretical mo-
dels.

2.1 In situ measurements

The sampling site was a sanitary landfill located at a la-
titude of 19.320539 and a length of 98.808288, with an
extension of 255.619 m2 and located at 2260 masl with
an average temperature of 16,51◦C and 19,50◦C and an

average yearly rainfall from 600 to 800 millimeters. The
landfill receives a daily average of 3500 tons of waste
from Mexico City and some municipalities in Mexico Sta-
te.

The filling has 36 vent wells, of which 20 refer to wells
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Table 1. Feeding information to theoretical models.

Parameter Value
Year of opening 2010

Closing year 2037
Beginning of the capture system 2017

Average annual quantity of waste reception 1’105,427
Waste estimation in the landfill in the closing year 29’846,539

Depth of the landfill 65m
Surface in acres 36 (1 per pit)

Methane content in biogas 50.00%
Capture efficiency 85.00%
Size of the Project Minimum

% of the area with residues with capture system 80
Source: Surveys in the landfill .

with burning system, while 16 are only used to release
biogas to the atmosphere. The measurements included
data from the 36 wells currently in full operation. The
average height of each well was estimated at 3 m with a
total length of 65 m. The wells are composed of columns
with a 6-inch diameter perforated polyethylene tube. The
tubes are arranged at a distance of 25 meters from each
other, and each has 4 perimeter slots set along the length
of the tube at a distance of 25 cm between them.

The measurement was carried out in the period from
12 to 18 May, 2018. Triple replications were carried out in
hours of 9:00 hrs, 14:00 hrs, 18:00 hrs. in order to consider
different environmental temperatures. A portable Biogas
analyzer model GA5000 was used. Initially, barometric
pressure and relative pressure measurements were taken,
and CH4 and CO2 were subsequently monitored for 45-
second intervals. The data were analyzed using the Gas
Analyzer Manager Software (GAM).

For the estimations with the theoretical models, the
data from Table 1 were used to feed the algorithms of the
biogas model of Mexico and the model of the Environ-
mental Protection Agency (EPA). Para las estimaciones

con los modelos teóricos se utilizaron los datos de la Ta-
bla 1 para alimentar los algoritmos del Modelo de Méxi-
co de Biogas y el modelo de la Environmental Protection
Agency (EPA).

2.2 EPA model
EPA model required data related to the average annual
rate of eliminated waste, the number of years the landfill
has been opened, the projected closing year, the elimina-
ted waste potential to generate methane and the methane
rate. The following first order equation was applied for
subsequent estimations:

LFG = 2×L0 ×R×
(

e−k×Ce−k×T
)

(1)

Where LFG is the total amount of biogas generated
in the current year or in consideration ( f t3); L0 is the to-
tal methane generation potential of waste ( f t3/lb); R is
the annual average of residues arranged during the life
of the filling (lbs); k is the annual rate of methane gene-
ration (1/year); T is number of years of filling operation
(years); C is the time elapsed since the closure of the land-
fill (years) (EPA, 2017). The value of L0 and k were estima-
ted based on the Table 2.

Table 2. Parameters for Lo and K for conventional sanitary landfills.

Parameters of the model Value
K 0,050 per year
L0 170m3/ton

Source: (EPA, 2016).
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Table 3. Methane generation Potential Index (Lo).

Annual rain precipitation (mm/year) Lo (m3/Ton)
0−249 60

250−499 80
> 500 84

Source: Adapted from Stege and J. (2009).

Table 4. TMethane generation rate (K).

Annual rain precipitation (mm/year) Lo (m3/Ton)
0−249 0.040

250−499 0.050
500−999 0.065
> 1000 0.080

Source: Adapted from Stege and J. (2009).

2.3 Mexican model
The model used the following information to estimate the
generation and recovery of biogas: 1) The amount of was-
te deposited annually in the landfill, 2) the year of ope-
ning and closing of the site, 3) The generation rate of the
methane (k), 4) Potential methane generation (Lo), 5) The
methane correction factor (MCF), 6) The fire adjustment
factor (F), 7) The recovery efficiency of the capture sys-
tem. The first-degree degradation equation was used to
estimate the rate of biogas generation for each year:

QLFG =
n

∑
t=1

1

∑
j=0,1

2kLo
[

Mi
10

](
e−kti j

)
(MCF)(F) (2)

Where: QLFG = maximum expected flow of biogas
(m3); i = 1-year time increase; n = (year of calculation)
-(initial year of waste disposal); j = increase in time in 0,1
years; k = methane generation (1/year); Lo = potential
methane generation (m3/Mg); Mi = mass of waste arran-
ged in year i (Mg); ti j = age of the j section of the mass
waste; Mi arranged in year i (decimal years); MCF = met-
hane correction factor; F = fire adjustment factor.

The equation above estimated the generation of bio-
gas using the quantities of waste eliminated and accumu-
lated for one year. The projections for several years are
developed varying the annual projection, and then itera-

ting the equation. The total generation of biogas is equal
to double the generation of calculated methane. The bio-
gas composition assumed in the model was 50% (CH4)
and 50%, including carbon dioxide (CO2) and other com-
pounds. The exponential degradation function assumes
that the generation of biogas is at its maximum a period
before the generation of methane. The model assumed a
six-month period between the waste filling and the gene-
ration of biogas. For each waste unit, after six months, it
was assumed that the generation of biogas decreases ex-
ponentially as the organic fraction of the waste is consu-
med. The maximum year of generation usually occurs in
the closing year or the following year (depending on the
disposition rate in the final years).
The following parameters were used to calculate the met-
hane generation rate and the methane potential index (Ta-
bles 3 and 4).

3 Results and discusion

3.1 In situ measurement results
Table 12 shows the results obtained after sampling 36
wells in the landfill. The concentration of methane, car-
bon dioxide, oxygen, as well as the generation frequency
showed similar values for each well. The average values
for the landfill are shown in Table 5.

Table 5. Average values obtained in-situ in the landfill.

CH4 (%) CO2 (%) O2 (%) Hz (1/s) CH4 per hour
50.29 46.88 1.01 35.44 3355.99
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3.2 Results of the Mexican biogas model
The estimation was made by applying the first-order de-
gradation equation [1]. The data used to feed the model
can be seen in Table 1. The model provided values for the
methane generation index (k) and the potential methane

generation (Lo), which were verified by the values propo-
sed by Aguilar et al. (2011). These values were developed
using climatic data, characterization of waste and preloa-
ded elimination practices in theoretical models. Table 6
shows the parameters used for the modeling.

Table 6. Parameters for the modeling (Mexican model of biogas).

Methane content in the biogas: 50%
Correction factor of methane (MCF): 1.0

Characterization of the waste
Fast

degradation
Partly fast

degradation
Partly slow
degradation

Slow
degradation

CH4 (k) generation
index: 0.16 0.075 0.032 0.016

CH4 (Lo) generation
potential (m3/Mg): 69 138 214 202

Table 7 presents the values obtained after the mode-
ling. It should be noted that the theoretical models (EPA
and Mexican model) estimate the generation according
to the pre-established characterization. The model also

estimates the accumulation of waste by increasing the
amount of waste prepared per year. Although Table 7 pre-
sents data up to 2025, the model resulted in values up to
2037, year projected for the closure of the landfill.

Table 7. Biogas generation and recovery projections in the Mexican model.

Year Waste
(Mg/year)

Accumulated
waste (Mg)

Biogas generation Stimated recovery of the biogas
(m3/hr) ( f t3/min) (mm Btu/hr) (m3/hr) ( f t3/min) (mm Btu/hr)

2010 981600 981600 0 0 0 0 0 0
2011 1001200 1982800 1424 838 25.4 0 0 0
2012 1021200 3004000 2706 1593 48.4 0 0 0
2013 1041600 4045600 3866 2275 69.1 0 0 0
2014 1062400 5108000 4922 2897 88 0 0 0
2015 1083600 6191600 5889 3466 105.2 0 0 0
2016 1105427 7297027 6781 3991 121.2 0 0 0
2017 1127500 8424527 7608 4478 135.9 4032 2373 72
2018 1150100 9574627 8380 4932 149.7 4441 2614 79.4
2019 1173100 10747727 9105 5359 162.7 4825 2840 86.2
2020 1196600 11944327 9790 5762 174.9 5189 3054 92.7
2021 1220500 13164827 10442 6146 186.6 5534 3257 98.9
2022 1244900 14409727 11065 6513 197.7 5865 3452 104.8
2023 1269800 15679527 11665 6866 208.4 6182 3639 110.5
2024 1295200 16974727 12244 7207 218.8 6489 3819 116
2025 1321100 18295827 12807 7538 228.8 6788 3995 121.3

3.3 Results of the EPA model
The EPA model uses a tool developed for the Landfill
Methane Outreach Program (LMOP) to estimate emis-

sions and costs in biogas capture and biogas use (Table 8).
The main values obtained in the EPA model are shown in
Table 9.
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Table 8. Generation, collection and use of biogas.

Parameters for modeling :
Generation rate of methane, k (1/year): 0.04

Generation capacity of methane, LO ( f t3/ton ): 3204
Methane Content of LFG: 50.00%

Stimated waste during the filling ( f t3/min LFG):
Mínimum: 3291

Annual average 5663
Maximum 7659

Recovery during filling ( f t3/min LFG):
Minimum: 2798

Annual average: 4814
Maximum: 6510

Size of the project: Mínimo
Generation rate ( f t3/min LFG): 2798
Used for the project: ( f t3/min LFG):

Annual average 2601.8
Recovery efficiency of biogas: 85.00%

4 Discusión
The values obtained showed significant differences in the
biogas levels. The theoretical models (EPA and Mexican

model) estimated values that result from the modeling
data in first-order degradation equations. The results are
shown in Figure 1:

Figure 1. Estimated generation of methane(m3/hr).

Figure 1 shows the methane emissions in cubic meters
per hour. It is possible to see that the theoretical models
estimated values in 2018 of 8379.52 m3/hr (Mexican mo-
del) and 6270.57 m3/hr (EPA model). These values con-

trast significantly with the real in situ value, which shows
that in the year 2018 the generation is 3355.99 m3/hr. The
variations in the results obey to different elements, firstly,
the assumptions of the theoretical models.
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Table 9. Projections of methane generation (m3/hr) in EPA model. Values obtained in modeling.

Year m3/hr
2010 0
2011 897.83
2012 1760.46
2013 2589.27
2014 3385.57
2015 4150.66
2016 4885.74
2017 5592
2018 6270.57
2019 6922.53
2020 7548.93
2021 8150.76
2022 8729
2023 9284.56
2024 9818.34
2025 10331.19

In the EPA model, the estimated biogas generation (LFG)
produced is multiplied by the harvesting efficiency to es-
timate the methane and volume that can be recovered.
However, projections are calculated based on reasona-
ble capture efficiency estimates for landfills that meet the
standards set forth in title 40, part 258 of the Code of Fe-
deral regulations in the United States of America. The
collection efficiencies reported in these sanitary landfills
range from 50 to 95% of efficiency, so the model assumes
75% capture efficiency. Additionally, the EPA model assu-
mes facilities with a comprehensive collection and treat-
ment system that will increase its efficiency and projected
years. Consequently, the variation of the real value in si-
tu with the estimates of the EPA model is understandable

since landfills in Mexico lack of integral systems that gua-
rantee an efficiency in the capture of biogas, and above all,
most health landfills in Mexico base their operation on ru-
dimentary methods and obsolete technologies (Escamilla
et al., 2016).
The results obtained in the Mexican model of biogas, pre-
sent an even higher variation than the data of the EPA
model. The difference of the m3 per hour of methane gene-
rated in 2018 among the real in situ measurement and the
EPA model was 2914.58 m3/hr, while the difference with
the Mexican biogas model was 5023.53 m3/hr. This im-
plies a difference 2.5 times greater than the current emis-
sion. The Mexican model automatically assigns the k va-
lues according to the values in Table 10.

Table 10. Values of the Methane Generation Index (k) and of the Potential Generation of Methane (Lo) in Mexican biogas model
by region.

Category
of the
waste

Region 1 Region 2 Region3 Region 4 Region 5

Southeast West Centre/
Interior* Northeast

Northeast &
North

Interior
k Lo k Lo k Lo k Lo k Lo

1 0.3 69 0.22 69 0.16 69 0.15 69 0.1 69
2 0.13 115 0.1 126 0.075 138 0.07 138 0.05 149
3 0.05 214 0.04 214 0.032 214 0.03 214 0.02 214
4 0.025 202 0.02 202 0.016 202 0.015 202 0.01 202

Source: Adapted from (Stege and J., 2009).
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As can be observed in Table 10, the rate of methane
generation used in the estimation is allocated depending
on the location of the landfill to be evaluated. The model
establishes five geographical regions. Each region first
identifies rainfall and the area’s average temperature.
Subsequently, the category of waste refers to 1) area wit-
hout management; 2) area with handling; 3) Semi-aerobic
area and 4) unknown condition. If there is no precise in-
formation on the characterization of the waste, the model
assumes characterization values for each zone.

Considering the fact that the Mexican model esti-
mates the values based on particular information from
Mexico, it should provide greater reliability in the results.
These results would have to be at levels with an accepta-
ble variation in relation to the current in situ measurement
data. However, as evidenced, estimations showed signi-
ficant variability. The EPA model reported values even
closer to the current in situ data. This is an important
situation because it is shown that the Mexican model,
which given its characteristics would have to estimate
values close to reality, showed the opposite by reporting

the values furthest from the current measurement.

The main weakness of the Mexican model that might
explain the wide variation in estimates is the informa-
tion on the characterization of waste, particularly organic
fractions. Statistical information related to the characteri-
zation of residues in Mexico is scarce and presents low le-
vels of reliability. In a comprehensive MSW management
system the characterization of waste is essential not only
to establish estimates of methane in the organic fraction
but to establish strategies for migrating to zero residue
systems (Ayeleru et al., 2018; Adeniran et al., 2017).

The waste flow in a landfill and its characterization
varies according to factors in each region such as: Econo-
mic activities, climate, culture, energy, sources of genera-
tion, among others. Developing countries tend to genera-
te a significant proportion of organic waste, while deve-
loped countries have higher proportions in the inorganic
fraction (Chang et al., 2011). Table 11 illustrates the diffe-
rent average composition values according to the type of
economy.

Table 11. Waste composition by economic level*. Elaborated from ? data.

Type of income Organic
(%)

Paper
(%)

Plastic
(%)

Glass
(%)

Metal
(%)

Others
(%)

Low income 64 5 8 3 3 17
Partly low income 59 9 12 3 2 15
Partly high income 54 14 11 5 3 13
High income 28 31 11 7 6 17

*Note: The table was created with information from the World Bank, which includes
data from 105 countries classified by income and with MSW generation rates in the pe-
riod 2006 to 2012. The generation rate included urban areas only and in some countries
the composition values were of a single city.

Table 11 shows that low-income countries have an
organic fraction of 64% compared to 28% in high-income
countries. This shows that as a country increases its levels
of economic development, it has an impact on the MSW
flow and the organic fraction decreases. Consequently,
the estimates of the Mexican biogas model present a low
accuracy due to the characterization data of waste used
as a base. The model assumes a high concentration of
organic fraction while the current data show that this
component is lower than the estimated. The values re-
ported by the theoretical models in this research have a
similar behavior due to the mathematical model applied
and to the exponential degradation of the estimated re-
sidue. The significant variability between the data of the
theoretical models and the in situ measurements repor-
ted in this article are aligned with the results reported by
Urrego and Rodríguez (2016) who found atypical varia-

tions among the theoretical models and a model of the
Intergovernmental Group of Experts on Climate Change
(IPCC).

However, this research was carried out in Mexico
and it was expected that the Mexican model would pro-
vide approximate but reliable information of methane
generation. Research has shown the negative impact that
improper quantification of biogas in a landfill can have
on energy generation projects (Judy et al., 2018; Blanco
et al., 2018; Li et al., 2018). As a result, theoretical models,
particularly the Mexican biogas model, proved being un-
reliable in generating preliminary information on metha-
ne emissions.

In Mexico the provision of information on the charac-
terization of waste is unreliable. It shows that while theo-
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retical models can be a tool for practical use, the results
cannot be used to define strategies and action plans es-
pecially in investment projects for energy generation. The
efficiency and profitability of a MSW recovery plant for
generation is based on the appropriate frequency and le-
vels of constant emission of methane per hour. It is impor-
tant that the Mexican biogas model be updated in terms
of characterization of waste to avoid variability in estima-
tes.

5 Conclusions
The in situ measurements showed methane emissions sig-
nificantly lower than the values estimated by the theore-
tical models (in situ = 3355.99 m3/hr, EPA model = 6270.57
m3/hr, Mexican model = 8379.52 m3/hr). The variations in
the values obtained are due to the parameters that each
model assumes and that differ widely from the real cha-
racteristics of the sanitary landfills in Mexico. The EPA
model and the Mexican model do not have a wide varia-

tion between them because of the mathematical method
applied (equation of first order).
The in situ measurement showed that the complexity of
the elements necessary for the estimation of the biogas ge-
nerated can have a significant impact on the results. Theo-
retical models provide projections that can be used as pre-
liminary information. However, it is shown that they are
not reliable and it is essential to make the measurement
with specialized equipment in situ to obtain useful infor-
mation for the decision making.
A theoretical model can underestimate or overestimate
the generation of projected biogas. This is critical if such
information is the basis for the implementation of biogas-
based energy generation projects. If the interested parties
are not able to carry out an in situ measurement, special
attention must be paid to the theoretical model chosen for
the projections to ensure the accurate provision of infor-
mation on the characterization of waste in the landfill, sin-
ce it is these data that can cause the variability of the final
results.

References
Adeniran, A., Nubi, A., and Adelopo, A. (2017). Solid

waste generation and characterization in the university
of lagos for a sustainable waste management. Journal of
the Air and Waste Management Association, 67:3–10. On-
line: https://bit.ly/2Vw2DLl.

Aguilar, Q., Taboada, P., and Ojeda, S. (2011). Modelo me-
xicano para la estimación de la generación de biogás.
Revista Académica de la Facultad de Ingeniería, Universi-
dad Autónoma de Yucatán, 15(1):37–45.

Ayeleru, O., Okonta, F., and F., N. (2018). Municipal so-
lid waste generation and characterization in the city
of johannesburg: A pathway for the implementation of
zero waste. Waste Management, 79:87–9. Online: https:
//bit.ly/2U6p09E.

Blanco, H., Nijs, W., Ruf, J., and Faaij, A. (2018). Poten-
tial of power-to-methane in the eu energy transition
to a low carbon system using cost optimization. Ap-
plied Energy, 232(15):323–340. Online: https://bit.ly/
2XumGv9.

Bramryd, T. (1997). Landfilling in the perspective of the
global co2 balance. Sardinia, Italia.

Cabrera, R. and Ortiz, A. (2011). Estudio experimental a
escala piloto y modelización de la producción de bio-
gás en relleno sanitario. Technical report, Centro Inter-
disciplinario de Investigaciones y Estudios sobre Me-
dio Ambiente y Desarrollo del Instituto Politécnico Na-
cional.

Calvo, F., Moreno, B., Zamorano, M., and M., S. (2005).
Environmental diagnosis methodology for municipal
waste landfills. Waste Management, 25(8):768–779. On-
line: https://bit.ly/2TdByz1.

Chakrabarty, S., Boksh, M., and Chakrabortye, A.
(2013). Economic viability of biogas and green self-
employment opportunities. Renewable and Sustaina-
ble Energy Reviews, 28:757–766. Online: https://bit.ly/
2EnYLEW.

Chang, S., Zhao, J., Yin, X., Wu, J., Z., J., and L., W. (2011).
Comprehensive utilization of biogas in inner mongo-
lia, china. Renewable and Sustainable Energy Reviews,
15(3):1442–1453. Online: https://bit.ly/2tJfttM.

Colling, A., Oliveira, L., Reis, M., da Cruz, N., and Hunt,
J. (2016). Brazilian recycling potential: Energy con-
sumption and green house gases reduction. Renewa-
ble and Sustainable Energy Reviews, 59:544–549. Online:
https://bit.ly/2VrdDJO.

Dace, E., Blumberga, D., Kuplais, G., Bozko, L., Khabdu-
llina, Z., and Khabdullin, A. (2015). Optimization of
landfill gas use in municipal solid waste landfills in lat-
via. Energy Proceia, 72:293–299. Online: https://bit.ly/
2T1sZbb.

EPA (2016). Air emissions from municipal solid was-
te landfills background information for proposed
standards and guidelines. Technical report, EPA-
Environmental Protection Agency, Office of Air Qua-
lity Planning and Standards. Online: https://bit.ly/
2Tlw84S.

42
LA GRANJA: Revista de Ciencias de la Vida 29(1) 2019:33-44.

c©2019, Universidad Politécnica Salesiana, Ecuador.

https://bit.ly/2Vw2DLl
https://bit.ly/2U6p09E
https://bit.ly/2U6p09E
https://bit.ly/2XumGv9
https://bit.ly/2XumGv9
https://bit.ly/2TdByz1
https://bit.ly/2EnYLEW
https://bit.ly/2EnYLEW
https://bit.ly/2tJfttM
https://bit.ly/2VrdDJO
https://bit.ly/2T1sZbb
https://bit.ly/2T1sZbb
https://bit.ly/2Tlw84S
https://bit.ly/2Tlw84S


Efficiency and reliability of theoretical models of biogas for landfills

EPA (2017). Lfg energy project development handbook.
landfill methane outreach program. Technical report,
EPA Environmental Protection Agency. Online: https:
//bit.ly/2fTvZh9.

Escamilla, P., Tavera, M., Sandoval, R., Salinas, E., and
Alvarado, H. (2016). Economic feasibility analysis for
electrical generation from biogas in waste disposal sites
in mexico city. Applied Economics 48, 48(59):5761–5771.

Gautam, R., Baral, S., and Herat, S. (2009). Biogas as a
sustainable energy source in nepal: Present status and
future challenges. Renewable and Sustainable Energy Re-
views, 13(1):248–252. Online: https://bit.ly/2BTSj8w.

Gomez, S., San, M., Ortiz, I., Fernandez, J., and Urtiaga,
P. (2018). Dioxins and furans legacy of lindane manu-
facture in sabiñánigo (spain). the bailín landfill site ca-
se study. Science of The Total Environment, 624:955–962.
Online: https://bit.ly/2GPnFRA.

Hirata, T., Hanashima, M., Matsufuji, Y., Yanase, R., and
Maeno, Y. (1995). Construction of facilities on closed
landfills. Sardinia, Italia.

Iglinski, B., Buczkowski, R., Iglinska, A., Cichosz, M., Pie-
chota, G., and Kujawski, W. (2012). Agricultural bio-
gas plants in poland: Investment process, economical
and environmental aspects, biogas potential. Renewable
and Sustainable Energy Reviews, 16(7):4890â“4900. Onli-
ne: https://bit.ly/2Eis9fS.

Judy, J., Bachman, G., Brown-Brandl, T., Fernando, S., Ha-
les, K., Miller, P., Stowell, P., and Kononoff, P. (2018).
Energy balance and diurnal variation in methane pro-
duction as affected by feeding frequency in jersey cows
in late lactation. Journal of Dairy Science. Online: https:
//bit.ly/2EgNruf .

Knox, A. (2005). An overview of incineration and efw
technology as applied to the management of municipal
solid waste (msw). Technical report, Energy Subcom-
mittee of the Ontario Environment Industry Associa-
tion. Online: https://bit.ly/2Tg8hUj.

Kret, J., Dalidowitz, L., Tutlam, N., DeClue, R., Schmidt,
S., Donaldson, K., Lewis, R., Rigdon, S., Davis, S., Ze-
licoff, A., King, C., Wang, Y., Patrick, S., and Khan, F.
(2018). A respiratory health survey of a subsurface

smoldering landfill. Environmental Research, 166:427–
436. Online: https://bit.ly/2tIUx5U.

Li, R., Liu, D., Zhang, Y., Zhou, J., Tsang, Y., Liu, Z., Duan,
N., and Y., Z. (2018). Improved methane production
and energy recovery of post-hydrothermal liquefaction
waste water via integration of zeolite adsorption and
anaerobic digestion. Science of The Total Environment,
651(1):61–69. Online: https://bit.ly/2TqHgO8.

Lombardi, L. and Carnevale, E. (2016). Analysis of an
innovative process for landfill gas quality improve-
ment. Energy, 109:1107–1117. Online: https://bit.ly/
2H53kad.

Meadows, C., Franklin, D., and Campbell, P. (1997). Glo-
bal methane emissions from solid waste disposal sites.
Sardinia, Italia.

Pillai, J. andRiverol, C. (2018). Estimation of gas emission
and derived electrical power generation from land-
fills. Trinidad and Tobago as study case. Sustainable Energy
Technologies and Assessments, 29:139–146. Online: https:
//bit.ly/2H5xVVe.

Scholz, M., Melin, T., and Wessling, M. (2013). Transfor-
ming biogas into bio-methane using membrane tech-
nology. Renewable and Sustainable Energy Reviews,
17:199â“212. Online: https://bit.ly/2BYqcVs.

Stege, G. and J., D. (2009). Manual del Usuario Mode-
lo Mexicano de Biogas Version 2.0. Online: https://bit.ly/
2GNMIEB.

Tampio, E., Ervasti, S., Paavola, T., Heaven, S., Banks, C.,
and Rintala, J. (2014). Anaerobic digestion of auto-
claved and untreated food waste. Waste Management,
34(2):370–377. Online: https://bit.ly/2EjR4ji.

Urrego, E. and Rodríguez, J. (2016). Application of metho-
dologies epa, mexican and ipcc for estimating biogas, a
case study of the sanitary landfill dona juana, bogotá-
colombia. Revista Universidad y Salud, 18(2):338–344.

Xiaoli, C., Xin, Z., Ziyang, L., Shimaoka, T., Nakayama,
H., Xianyan, C., and Youcai, Z. (2011). Characteristics
of vegetation and its relationship with landfill gas in
closed landfil. Biomass and Bioenergy, 35(3):1295–1301.
Online: https://bit.ly/2EjR4ji.

LA GRANJA: Revista de Ciencias de la Vida 29(1) 2019:33-44.
c©2019, Universidad Politécnica Salesiana, Ecuador. 43

https://bit.ly/2fTvZh9
https://bit.ly/2fTvZh9
https://bit.ly/2BTSj8w
https://bit.ly/2GPnFRA
https://bit.ly/2Eis9fS
https://bit.ly/2EgNruf
https://bit.ly/2EgNruf
https://bit.ly/2Tg8hUj
https://bit.ly/2tIUx5U
https://bit.ly/2TqHgO8
https://bit.ly/2H53kad
https://bit.ly/2H53kad
https://bit.ly/2H5xVVe
https://bit.ly/2H5xVVe
https://bit.ly/2BYqcVs
https://bit.ly/2GNMIEB
https://bit.ly/2GNMIEB
https://bit.ly/2EjR4ji
https://bit.ly/2EjR4ji


Scientific paper / Artículo científico
LANDFILLS Escamilla García Pablo E.

Table 12. Values obtained in situ by venting well.

Well Methane
(CH4) (%)

Carbon
Dioxide (CO2)(%)

Oxygen
(O2) (%)

Frecuency
Hz (1/s)

Hour
emission

of methane
1 48.8 51 0.2 5.42 53.1005715
2 50 50 0 5.06 1310.77465
3 49.5 50.5 0 77.57 19893.2849
4 49.7 50.3 0 113.77 1135.1787
5 51.7 48.3 0 90.1 24133.6408
6 49.8 50.2 0 0.3 77.4030562
7 38.5 59.2 2.3 0.3 59.8397121
8 51.3 48.6 0 76.57 20350.8955
9 50.4 49.2 0.4 96.93 25310.2398

10 50.4 49.6 0 79.6 20785.052
11 51.4 48.2 0.4 3.48 35.9105825
12 51.9 48.1 0 2.58 142.729123
13 50.7 48.9 0.3 164.1 1670.30825
14 51.3 48.7 0 4.02 41.4022082
15 50.5 49.4 0.1 130.97 1327.83249
16 50.6 48.5 0.8 2.32 23.5677753
17 51.4 48.6 0 165.1 1703.68884
18 52 48 0 72.13 753.007605
19 50.8 49.1 0.1 20.4 208.052992
20 50.2 49.7 0.1 0.87 8.76805078
21 50.7 49.1 0.2 0.3 3.05357999
22 49.9 50.1 0 22.79 228.310012
23 53.3 46.4 0.3 0.57 6.09933028
24 52.6 46.6 0.8 0.3 81.7550352
25 44.6 32.9 5.3 0.3 2.68618673
26 54.1 45.6 0.3 4.88 53.0025999
27 55.4 40.5 2.3 0.3 3.33665348
28 52.7 38.3 3.1 0.3 3.17403679
29 54.3 44.9 0.8 4.68 51.0182749
30 26 18.3 12.5 0.3 1.56593845
31 56.4 40.2 1.8 0.3 3.39688188
32 52.9 47.1 0 62.2 660.581099
33 49.8 50.2 0.1 15.38 153.767929
34 52.8 47.2 0.1 17.3 183.383439
35 52.6 47.4 3.9 5.29 55.862646
36 51.4 48.6 0 29.07 299.977193
Elaborated from in situ measurements.
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