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Abstract

Worldwide, the increase in land surface temperature has been attributed to the concentration
of greenhouse gases. However, there is no record of timely information that shows which types of
land cover relate to major increases in surface temperature. The main aim of this paper is to identify
the specific sites in a landfill where biogas is released into the atmosphere. A second objective is
to try to find a spatial correlation between the concentration of methane emitted to the atmosphere
with the observed surface temperature gradients. The recoverable and fugitive methane fluxes were
validated with in situ information, using a LICOR gas accumulation chamber. The surface heat
estimate was obtained from the Split Window algorithm, using the TIRS sensor of the Landsat 8. With
data obtained in previous studies, both in situ and remote, it was possible to spatially correlate the
methane flux released into the atmosphere with the temperature distribution plume within the landfill.
The importance of our research is related to the continuous need for surface temperature monitoring
on the planet. The use of technological tools such as the one presented here reduces the cost
and execution time of environmental studies.

Keywords: greenhouse gases, environmental remote sensing, surface temperature estimates, organic
waste, wind directions
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Introduction

Urban coverage is one of the main soil types to
absorb incoming radiation, causing an increase in
the environmental temperature. This phenomenon is
known as the urban heat island [1]. However, even more
important increases in temperature can be attributed
to coverage with possible development of greenhouse
gases (GHQG).

The most common GHG are: carbon dioxide
(CO,), methane (CH,) and nitrous oxide (N,O). Besides
having a large life period, their concentration has
increased significantly in the last decades. CH, is the
gas that increases the surface temperature the most
[2]. Landfills are an important source of atmospheric
methane.

Increments in CO, and CH, concentration have
been related directly with vegetation, agriculture and
anthropogenic activities [3-5]; however, the contribution
of specific sources is unknown as average global
concentrations measured in the last decades correspond
to aggregate measures, reflecting the contribution of all
sources.

Satellite observation techniques and modeling tools
are useful for monitoring the Land surface temperature
(LST). The advantage of using the above methodologies
is that, contrary to the classic methodologies that
analyze the surface temperature jointly, they allow to
analyze the individual temperature changes observed
for different coverages [6, 7] .

Another advantage of the use of satellite data is that
it allows the LST to be monitored quickly and efficiently
over great geographic extensions. Depending on the
satellite’s trajectory, from some images per month up to
several daily images can be obtained. These images can
be analyzed with automated techniques, decreasing their
analysis time. Conversely, in situ sampling requires a
considerable investment of time and human capital to
obtain, in specific geographical spots and with a digital
thermometer, the temperature record [8].

To measure with remote sensors the surface
temperature, the thermal infrared portion of the
electromagnetic spectrum is needed; if the temperature
is due to atmospheric components that emit heat, such
as GHG, it is in this portion where the method can
detect the energy potential of for example the biogas
produced in a landfill [9]. According to Li et al
[10], three methods exist for the recovery of surface
temperature with remote techniques: recovery with
known emissivity, with unknown emissivity and with
unknown atmospheric quantity.

In this paper, we obtain the LST of the Tlalnepantla
de Baz landfill with the multi-channel Split-window
(SW) algorithm and the amount of biogas emitted to the
atmosphere. The aim is to identify a direct relationship
between the observed temperature differential and the
methane emission in the landfill.

Literature Review

After the launch of satellites that study the earth’s
surface, worldwide interest has arisen in monitoring the
characteristics of the atmosphere. In 1991, the National
Aeronautics and Space Administration (NASA)
created the Atmospheric Science Data Center (DAAC-
ASDC); this center protects the information of around
50 projects and began as a support for the NASA’s
Earth Observation System (EOS) [11,12].

Among the NASA projects, some satellites missions
include the monitoring of atmospheric gases, such as
methane; examples are the Measurement of Pollution
in the Troposphere (MOPITT), Atmospheric Chemistry
(AURA), Interferometric Measurements of Greenhouse
Gases (IMG) and The TROPOspheric Monitoring
Instrument (TROPOMI) onboard the Sentinel-5
satellites [13]. The corresponding observations are
registered at a regional level and study a global
worldwide gas emission, without distinguishing the
source of methane generation. They cannot be used to
determine the presence of emitted gasses locally [14,
15].

At present, the satellites used for the observation
of gas concentration have a spatial resolution between
1 and 1000 km?, being restricted to the regional
monitoring of methane; they cannot be used for
local observations, as in the case of landfills where
temperature differences resulting from the presence of
GHG can be measured or identified with remote sensing
techniques [16].

The most precise remote monitoring techniques
allowing to quantify biogas in landfills are those that are
in direct contact with the site. The sensors are usually
mounted on manned aerial platforms; they present
results in a short time scale and with a very detailed
spatial resolution (centimeters per pixel). However,
monitoring costs for these high-precision techniques
are high as the required equipment is usually very
specialized and requires continuous maintenance. Some
samplings also need to be validated with the help of
laboratory tests.

Recent advances in terrestrial observations with
satellite images allow medium spatial resolutions of
30 m and are able to identify temperature anomalies;
in the case of landfills, these anomalies could be
correlated with the emitted biogas with the help
of in situ monitoring.

Our work is in line with that of Buchwitz et al. [17],
who obtain a methane fugitive emission measurement
and corresponding concentration distribution plume
at a landfill in Los Angeles, California. To determine
the emission of fugitive methane, they used an in situ
greenhouse gas analyzer that, in addition to measuring
methane, provides meteorological data such as water
vapor, types of aerosols present at the site, cloudiness
and altitude. To obtain the methane concentration
plume, they used an infrared laser spectrometer,
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mounted on a manned aerial platform. The flights
were programmed to obtain the methane values in an
approximate area of 2 km? during 4 continuous days.
The results obtained with the spectrometer show
a good correlation with in situ measurements and with
data observed in NASA’s Olinda Alpha Landfill (OAL)
program.

Presence of Methane in Landfills

One of the anthropogenic sources that generate
GHG are landfills. Due to the use of materials with low
permeability in their construction, landfills encapsulate
the biodegradable waste and correspondingly the biogas
produced by it, mainly methane. The typical biogas
composition for these sites is 50-60% CH, and 30-
40% CO,. To a lesser extent, hydrogen and sulphide
compounds, as well as traces of other gases, can be
found [18].

After CH, is formed under anaerobic conditions by
microbial activity, the mass balance of this gas [18] is:

CH =CH +CH

4 generated B 4 recoverable

+ CH + CH

+
4 fugitive 4 oxidized

4 emitted

4 stored

The elements of the equation are the following:

e CH, . ...isthe portion of the gas transported
by an active system of vertical wells or horizontal
collectors (Spokas et al. 2006). Although it is possible to
use this portion of the gas as energy, it is not currently
done in most Mexican landfills. It is burned because it
is less harmful and generates less heat in the form of
CO, than as methane. CH, - “can be measured by
switching off the safety flare.

e CH,_ .. corresponds to the part of methane
produced in the landfill and escaping into the
atmosphere through the venting wells when the safety
flares are not functioning correctly. The emitted
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methane is released in the form of gas. In practice,
it is difficult to distinguish between CH and
CH

4 emitted

4 recoverable”

o CH, . Tepresents the methane that is
transported sideways at the site. This phenomenon
occurs either by lateral hydraulic migration, by contact
with non or partially saturated layers, or by a saturation
of the superficial fill cover that increases the shallow
subsurface pressure. This type of methane is emitted
diffusely to the atmosphere. This CH, emission varies
from 0.0004 to 4000 gm~day' and depends on the type
of gas recovery installation, conditions and design of
the cover and waste type that is disposed of in the site
[19].

e CH, ... is oxidized in the landfill cover area

where methanotrophic organisms consume methane
which, otherwise, could be transported by diffusion to
the surface (Popov et al. 2019). A significant portion (10
to 100%) of the CH, present in the cover is oxidized,
thus preventing its release into the atmosphere [18].
e ACH, . corresponds to the portion of
methane stored and afterwards released in the landfill.
This is a temporary process and depends on the amount
of methane produced by microorganisms present in the
landfill, and therefore difficult to quantify.

Material and Methods
Study Area

The Tlalnepantla de Baz landfill is located on the
ancient road to the mines, in the Barrientos area in the
municipality of Tlalnepantla de Baz, Estado de Mexico
(Fig. 1).

The site has a surface 0of 44.61 hectares: 28.27 hectares
destined to the disposal of solid waste, while the
remaining 16.34 hectares correspond to the old dump.
The average annual temperature ranges between 12°C
and 17°C. The hottest months are May and sometimes
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Fig. 1. Study area. a) General view of the location of the landfill. b) Location of the landfill in the north of the municipality.
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June, registering an annual average temperature
between 16.5°C and 22°C [20].

The waste is disposed of in four cells, which have
been built in different stages and have a programmed
lifespan of 20 years in total. The cell coating is divided
into three layers. The first one is an impermeable layer,
mainly composed of the material found at the site. The
second layer has a thickness of 30 cm and is composed
of clayey material compacted to 90% in its superficial
portion. As this porous layer is not the sealing layer,
there may be emission of biogas. The most superficial
layer is made of construction waste and has an average
thickness of 20 cm. Between the latter, water is added
to achieve an improved level of compaction. Fig. 2
presents the cell structure in the landfill.

The old landfill, closed in 1998, is located at the
northern part of the site. In the southern part, the active
cells of the landfill in use can be observed. Cell 1 is
the oldest one, created in June 1998. Cell 2 started
operating in September 2003 and Cell 3 in May 2008.
Cell 4 started receiving waste in September 2013 and
is currently the only cell that receives municipal waste.

The residues found in the landfill include organic
waste, plastics, glass and slowly decomposing organic
material. Hazardous waste, such as batteries, expired
medicines, oils and solvents absorbed in materials such
as tow and yarn, exists in a lesser proportion.

Manually vented chimneys are installed at the
bottom of the cells and grow in height throughout the
lifespan of the landfill [20].

Landfill Characterization

The first stage in the present investigation
is the characterization of the solid waste arriving
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Fig. 2. Location of the four cells of the landfill in use, as well as
the old landfill in the northern portion

at the landfill to identify its methane potential, calculate
the flow, and identify the cells with the highest methane
generation.

The historical volume of waste disposal in the
Tlalnepantla landfill was considered. Subsequently,
a future projection was generated to estimate how much
waste will be disposed of at the end of the landfill’s
useful life.

Field Work

The second stage in the methodology consisted of
validating the theoretical results of the biogas model
with measurements. Menster et al. [21] present an
interesting review of available methods to measure
fugitive methane emissions from landfills. To detect
the presence of diffuse gasses, in this project the
West Systems gas accumulation chamber was used.
This equipment has a LICOR detector for
carbon dioxide (CO,), a laser detector for methane
(CH,) and an electrochemical cell for hydrogen sulfide
(H,S).

The used equipment passes the gas from the subsoil,
which is introduced into the accumulation chamber, to
the CO,, CH, and H,S detectors and then returns them
to the accumulation chamber, to record their increase
in the chamber. The equipment works with a 1 liter
per minute suction pump. A first reading measures the
initial gas concentration in the atmospheric air sample
from the study site. In a second step, the equipment
is placed on the ground surface, trying not to disturb
it, in order to determine both the possible existence
of a diffuse gas coming from the subsoil, and its
accumulation rate.

Application of the Split Window Algorithm

The third stage consisted of temperature recordings
in the study site, with remote sensing techniques. The
images used to detect LST are Landsat 8 satellite
images. The Landsat 8 platform uses a TIRS sensor
with electromagnetic information in the region of the
thermal infrared spectrum, in two channels: Band
10 corresponding to 10.60-11.19 pm and Band 11,
corresponding to 11.50-12.51 pm [22-24].

The images with the sampling data were obtained
from the Glovis server [25], which correspond to Path
26 and Row 46. Radiometric corrections were applied
to the downloaded images. The brightness temperature
was calculated by the Plank inverse.

The images were processed using the Split Window
algorithm [25]. The Split Window algorithm estimates
the surface temperature based on the graphical
information contained in the satellite image. For the
verification of the data obtained in the satellite images,
in situ temperatures were obtained at 58 sampling
points, using Wavetek brand thermometers, model
28XT.
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Spatial Analysis of LST and Fugitive Methane
Concentrations

In the fourth stage of the work, thematic maps were
elaborated using the TerrSet software, developed by
Clark Labs. The field data was superposed with the data
obtained by means of remote perception techniques,
to find a spatial correlation between the LST and the
emitted methane concentrations. The fugitive methane
emissions were taken on the same day and time that
the satellite images were recorded, in order to have the
same space and time variables.

The emitted methane is transformed into carbon
dioxide, CO,, through the burning process in the
ventilation wells. However, the fugitive methane does
not pass the venting well system, and is emitted as CH,,
raising the surface temperature.

Results and Discussion
Split Window Algorithm

Satellite images captured with remote sensing
showed consistency with temperatures taken at the
landfill with direct instruments. The calibration of
the algorithm is done by computational mathematical
models, developed in the office.

The use of direct measurement instruments on
the study area requires the definition of a grid to
take temperatures at specific sites. The mesh data is
integrated into a Global Satellite Navigation System,
whose data can later be exported to a Geographic
Information System to make the thematic map.

The advantages of using algorithms, such as the
split window algorithm, is the reduction of time and
cost for temperature measurement in landfills, because
the work is done from a computer. The algorithm, being
calibrated, allows the automation of the methodology,
which reduces the possibility of errors in the results.
Finally, the validation of the algorithm requires
a smaller amount of sampling at the study site.

Landfill Characterization

On average, plastic, disposable diapers and organic
residues are the waste that is disposed of in greater
proportions in the Tlalnepantla landfill. Conjointly,
plastic and disposable diapers generate 34.85% of the
disposed waste, while all types of organic waste sum
32.83% (Table 1).

Considering the historical record from the beginning
of operations in 2016 and based on the Tlalnepantla
waste deposit binnacles, the total volume of waste to
date is approximately 250,230 tons. The total disposal
volume projected for the landfill is 257,500 tons,
considering its age, projected date of closure, typical
waste composition and amount of solid waste already
disposed of. As about one third of the waste corresponds

Table 1. Waste characterization for the Tlalnepantla landfill.

Subproduct Average (%)

Waxed cardboard container 0.82
Paperboard 2.87
Aluminum can 0.27
Metal can 0.99
Paper 6.38

Toilet paper 1.86
Disposable diaper 17.48
Bones 0.41
Plastic 17.37
Expanded polystyrene 1.90
Food waste 9.59
Hard vegetal fiber 6.86
Garden waste 4.46
Wood 6.78

Cloth 6.40
Colored glass 4.17
Transparent glass 1.63
Faience and ceramics 0.06
Shoes 2.01
Rubber 0.94
Others 5.90

Fine residue 0.85

to organic compounds, biogas will be generated in the
subsoil. Although the landfill was projected to close
in 2018, operations were extended, and the site is still
functioning as a landfill.

Concentration of Methane in the Biogas

Methane, CH,, is the main component of biogas.
Its emission comes from two sources: the methane that
is recovered (and measured) in the venting wells, or
recoverable methane, and the methane leaked through
the soil, or fugitive methane. The methane measured
in the venting wells has maximum values around
76,600 gm? day' (Fig. 3a). The fugitive methane
measured in the soil was mostly below 0.139 gm? day!
(Fig. 3b).

The results of the fugitive methane measured
on March 28 are classified using the Natural Jenks
clustering method, useful for the representation of
spatial attributes of data. It is a useful method to analyze
geographic variables and it is a good option when the
data is unevenly distributed [27, 28]. This method
requires few samples for an appropriate representation
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overable methane

re methane

Fig. 3. a) Methane registered in the venting wells, b) Fugitive methane registered in the soil.

and optimizes the classification by reducing the
variance within classes and increasing the variance
between classes. It’s disadvantage is that it is designed
for a data set with specific characteristics, so it is not
possible to compare maps with different data sets [29].
The venting well methane (CH, ) results
indicate a greater concentration in cell 3 (Fig. 4),
while the methane concentration registered in the soil
(CH, i) is higher in cell 4 (Fig. 5). As the recoverable
methane is burned in the safety flares, and therefore
converted to CO,, it is not expected to increase the soil
temperature. However, due to the magnitude of this
methane portion, it is important to quantify it for cases

where the flare is not working properly.
Application of the Split Window Algorithm

The satellite images used to obtain the LST
correspond to the months of March and August, 2017.
In both months, temperatures of around 35°C
are found in the landfill coverage. In March, the

highest temperatures are recorded in cells 1, 3 and 4 q E“““mm
(Fig. 6a). For the month of August, the area of highest ; (gm-2day-1) March, 28

= <18.3

temperatures corresponds to cell 4 and, to a lesser e

extent, cells 1 and 3 (Fig. 6b).

Fig. 4. The interpolated venting well methane distribution plume.
Cells 3 and 4 have a higher methane concentration.
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Fig. 5. The interpolated methane fugitive distribution plume.
The cell with the largest is cell 4.

Spatial Analysis of LST and Biogas Flux

The spots with the highest methane concentration in
the biogas flux fugitive are found in cells 3 and 4. The
highest temperatures coincide with cells 3 and 4 as well.
The coverage of the sanitary landfill is homogeneous.
Since a homogeneous material has the same albedo,
the soil temperature in the cells is expected to be
homogeneous. However, heterogeneous temperatures
were found. Map 7A shows, in grayscale, pixels with
temperatures between 30°C to 32.9°C (light gray) up
to temperatures of 35.4°C to 37.2°C (dark gray) in all
the cells, with the exception of cell 2. In map 7B, in
grayscale, there are pixels with temperatures between
25.7°C and 28.2°C (light gray) up to temperatures
between 36.9°C and 40.6°C in all cells, except for cell 2.

Since cell 4 is the active cell in the landfill, and
due to the fact that the incoming waste is covered with
a porous layer, cell 4 is expected to generate the highest
flux of fugitive methane in the site. However, it is cell 3
that exhibits the highest fugitive CH, flux. As cell 3 has
more time without operating than cell 4, there may be
a greater activity of the microorganisms that generate
GHG. More than 50% of the sample points with
high concentrations of fugitive methane were found
in cell 3, for both samples (March and August, Fig. 7a)
and 7b).

Fig. 6. Landsat 8 Temperature distribution and monitoring sites for fugitive CH, in the Tlalnepantla landfill. a) March 2017, b) August
2017.
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Fig. 7. Landsat 8 Temperature distribution in the Tlalnepantla landfill. a) March 2017, b) August 2017.

Comparing March and August, the fugitive
flow increases in August from 0.088 gm? day!' to
0.138 g m? day'. The temperature also increased for
the month of August, reaching a value of 40.6°C,
3.4°C more compared to the month of March (0.033 to
0.088 gm? day'and 37.2°C). According to the results
obtained in the study area, the methane emission in the
venting wells is three orders of magnitude greater than
that of the fugitive CH,; however, it is not released into
the atmosphere as it is burned in the pilot burner and
converted to CO,.

As mentioned before, expected methane emissions
are in the order of 0.0004 to 4,000 gm? day'.
The LICOR chamber in some wells registered a
supersaturation of gases (until 100,000 gm? ay™),
probably due to the infrastructure of the wells, as
they do not have a valve and specific hoses for each
type of methane [30] mention a similar problem, since
the fluxes measured at the surface were on average
1 x 10° gm? day!, due concentrations exceeding the
detector range (10%).

The measured fugitive CH, fluxes oscillate on
average between 0.004 and 0.057 gm? day!. These
values are relatively low, so it seems that the soil has
a high capacity for methane oxidation. In published
literature, values of the order of 0.0002 to 166 gm?day!
indicate that the landfill is in its final stages of methane
generation [31].

Based on experimental results, Lee et al. [32] show
that there are significant changes in the CH, emission

in landfills, depending on the type of waste. They
analyzed the decay rates for four types of common
waste (paper, wood, organic and garden waste), finding
that they change over time and depend on the amount of
degradable organic carbon and, therefore, on the type
of waste.

These differences between waste types cause
variations in the amount of CH, collected. The
generation of CH, as a result of the decomposition
of food waste in tropical climates occurs so rapidly
that it leads to significant losses of biogas before the
collectors are operational and the register is taken. On
the contrary, the decomposition of wood in dry climatic
conditions causes delayed emissions, which might be
measured after closure of the landfill cell where the
residue has been deposited.

The fugitive CH, plays an important role in the
atmosphere, because it influences the typical air layer
temperatures. The main transport mechanism for
emitted CH, transport from the soil to the atmosphere
occurs through diffusion and advection. The CH,
diffusion disturbs the atmospheric layer, increasing the
surface temperature [33].

The month of March, the highest fugitive methane
flux values are between 0.033 to 0.088 gm? day’; the
corresponding LICOR temperatures are between 32.1°C
and 35.8°C (Fig. 3). For the same ranges of fugitive
methane, satellite images show a temperature between
33.5°C and 36.2°C (Fig. 6a). In the month of August,
the highest fugitive methane values are in the range
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of 0.042 to 0.138 gm™ day’, and the LICOR chamber
registered temperatures between 36.8°C and 39.6°C
(Fig. 3). The pixels in the satellite image that contain
fugitive CH, values in this range show a temperature
between 37.2°C and 39.0°C (Fig. 6b).

The results show that sensors with different
characteristics determine similar temperature values.
The LICOR chamber is a direct method with an
integrated temperature sensor, while the satellite
images are processed through an algorithm to obtain
the LST.

Kumar et al. [34] developed a regression model for
Indian landfills, in which the concentration of CH, was
correlated to daily temperature fluctuations, to changes
in temperature between climatic seasons throughout the
year, and to waste mass. Four correlation models were
examined, were temperature and waste mass seemed
to be the most important factors to predict the CH,
emission. However, a large amount of variation was not
accounted for in this models.

Zhang et al. [35] carried out a study in different
regions of China and found that, in the northern
hemisphere, there is an increase in CH, in summer
compared to winter.

Gong and Shi [36] reached comparable results.
They performed a monthly analysis of CH, in China,
showing that summer and autumn have the highest
values, while winter and spring have the lowest values.
The increase at this time of year is due to environmental
factors, such as precipitation, higher temperatures and
more hours of sunshine. The emission peak appeared
in July, while the lowest value was found in January.
The warm conditions of summer, coupled with higher
values in the concentration of CH, measured in the vents
and on the ground, cause an increase in temperature,
which is possible to quantify with thermal infrared
images.

Nazari et al. [37] wanted to locate thermal anomalies
to identify fires within landfills. They applied an
algorithm similar to ours, finding consistency between
the directly measured temperature and estimation
through satellite images from the Landsat 5 and 7
sensor. On average, the temperature variation between
the two methods was 6°C.

The use of thermal infrared cameras has indicated
indirectly that in locations with GHG generation, the
temperature rises to 35-50°C. According to the Wien
equation, these temperatures correspond to maximum
energy emissivities in a body varying in a spectral
range of 8 to 13 um [38-41].

The TIRS sensor bands cover the spectral range of
10 to 12.5 pm, making it possible to use the Landsat
satellite to identify the characteristics of methane.

The LST provides information on temporal and spatial
variations of the surface equilibrium and is important for
many applications including evapotranspiration, urban
climate and the environment [10].

LST determination by remote methods, together
with the spatial analysis of the dominant wind speed in

two stations near the landfill allowed observing possible
temperature anomalies in the study area.

The LST provides information on temporal and
spatial variations of the state of surface equilibrium
and is important for many applications including
evapotranspiration, urban climate and the environment
[10].

The LST, in the monitoring of landfills, allows
locating the sites with the greatest potential for methane
leakage. The behavior of the temperature distribution
associated with spatial variables as the dominant wind
direction is one of the variables that can explain the
movement of the maximum temperature from the active
cell to the inactive ones [42].

Conclusions

The low methane flux measured in soil indicates
a good soil capacity for methane oxidation. The high
values of the methane flow in the venting wells indicate
an important biogas production in all the sampled cells.

The presented methodological proposal seems
useful to record the behavior of the methane-
temperature system in the landfill. The spatial analysis
of the temperature changes recorded in the study area
was related to the methane flow being emitted to the
atmosphere.

The spatial analysis of the temperature increase was
studied with remote sensing techniques and with direct
methods (LICOR camera). Concordant temperature
ranges were obtained for both methods, being on one
hand the estimation by the split window algorithm for
satellite images, and on the other the value measured
with the integrated sensor for the LICOR camera.
Monitoring through satellite images can thus be
concluded to be feasible. It implies a lower operation
cost and makes the time spent on site validation work
more efficient.

In the Tlalnepantla de Baz landfill, biological
activity makes it possible to generate biogas even in
inactive cells inside the landfill. However, the activity
is in the terminal phase. Due to the amount of organic
waste, cell four is expected to continue generating
biogas; the permeability of the waste confining layers,
this biogas will be released into the atmosphere causing
an increase in temperature.

The results found in this study for cell 3 of the
Tlalnepantla landfill suggests that 40 years after the
closure of a landfill cell, a methane generation of up
to 160 kg/year can still be observed. The Tlalnepantla
landfill was closed in 1998; therefore, according to Lee
et al. [32], the generation of biogas for waste with low
decomposition rates still continues.

Cell four is the spot in the landfill where an increase
of more than 10°C was observed. This increase in
temperature was associated with the release of methane
into the atmosphere. In order to be able to propose
a measure to minimize the adverse effects produced
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by the release of methane, it is necessary to obtain a
greater amount of data on the methane flow formed in
the landfill and determine if it is viable to build specific
infrastructure that allows it to be used as an energy
source, or to improve the venting wells to convert all
recoverable methane to CO,.

It is important to continue monitoring the study
site, in addition to relating the temperature distribution
with physical or chemical variables and not only the
geographic variable, because the latter may contain
biased information. In addition, it is necessary to carry
out further studies to establish whether the relationship
between the heat distribution boom and the dominant
wind direction is correct.
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