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This research focuses on providing a solution to rural sectors' problems regarding solid waste
management and final disposal. It considered the Sanitary Landfill (SL) technical-
environmental viability for rural communities in the north of Santa Elena-Ecuador. The
objective is to propose a methodology for evaluating a sanitary landfill's technical-
environmental viability, considering a Key Factors Matrix (KFM) for the possibility of its
application in rural communities. The proposed methodology is based on: i) identification of
preliminary and field data for assessment of the sector through the KFM, and ii) determination
of the technical-environmental viability of an SL according to the aspects considered. The
KFM allowed the Ayangue commune to be chosen for the location of the SL under certain
precautions. Given this sector's tourist influence, solid waste accumulates 40 tons per day from
the ninth year on. Therefore, it is recommended to bear in mind a possible restructuring of the

SL, from a semi-mechanized system to a fully mechanized one.

1. INTRODUCTION

The management of non-hazardous solid waste and its final
disposal constitutes a global health problem for cities and
urban communities. Solid waste landfills are considered a
source of environmental risks (especially in developing
countries), especially in the contamination of water, air, and
soil quality for agricultural production, transcending their
impact beyond the area of sanitary protection. Therefore, it is
vital to improving waste disposal systems with engineering
works in harmony with the environment to mitigate
environmental impacts [1, 2].

The solid waste landfill is the primary method for waste
disposal, taking into account the economic advantages it
represents and its adaptation to almost all types of waste [1],
[3, 4]. On the other hand, leachate treatment is considered one
of the main problems, being a critical factor for public health
and groundwater contamination and surface water [5].

Sanitary Landfills (SL) are useful for ecological and
environmental conservation after the disposal of solid waste.
However, in those with low technical-environmental
management, they are the primary source of putrefactive odors,
surface and underground contamination due to the leachate
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produced, causing diseases and other environmental damage.
[6, 7]. Therefore, the implementation of an SL is of great
benefit under specific observations and technical-
environmental details, which the authorities exercise for the
correct orientation of the work personnel and proper handling
of the leachates [8, 9].

Until recently, technical-environmental regulations were
not used for the dumping of municipal solid waste, causing
landfills to be fetid places with environmental and social
problems [10]. As Noguera y Olivero (2010) [11] point out,
the poor management of solid waste and leachate treatment are
the leading causes of foul odors due to SL's poor management
in Latin America. Therefore, it is necessary for environmental
organizations' intervention to correct the sector's correct
management and sustainability.

The increase in the population has a significant impact on
the increase in the production of solid waste. Therefore,
specific regulations regarding this waste have been established
by the environmental agencies of countries worldwide [12].
Another essential aspect to mention is the land where the
sanitary landfill will be implanted, which must not have active
geological structures. Roben [13] says that "The ideal thing for
building a landfill is if the land already has a geological
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barrier."

Sanitary landfills are civil works that, by their nature,
produce various impacts on the environment, such as the use
of land or the generation of polluting liquids and gases [14, 15],
which can be mitigated by treating the soil technically, thus
avoiding water pollution underground in the area. In this way,
landfills do not cause nuisance and danger to public health or
environmental safety [16].

The generation of liquids by the decomposition of organic
matter can be managed using perforated pipes, which allow the
capture and transport by the gravity of leachates to the
evaporation lagoon, as stated by Alvarez and Suérez [17] at
the “El Guayabal” landfill, located in Cucuta-Colombia. On
the other hand, the biogas produced by the SL, even hundreds
of years after its closure, can be treated and used in the
generation of thermal or electrical energy [18]. Thus control
each negative impact produced by the SL and takes advantage
of it properly, without damaging the environment and human
health.

The main processes that occur in sanitary landfills
(hydrological, degradation, settlement) are closely related to
each other, in such a way that each design variable affects the
others. Therefore, all these interactions must be taken into
account to optimize the overall design of the SL. For example,
if the intention is to exploit the SL volume as much as possible,
the debris layer's height can be increased to reduce the space
occupied by the intermediate covers. However, the
consequences of this change in power generation or the
amount of pollution emitted should be investigated. The
conditions such as the climate or the type of waste generated
in a specific community affect these interactions, preventing
the criteria from being applicable in any geographic location
[19].

The use of an SL has at least four initial advantages: a)
reduce the environmental impact due to the use of
unproductive lands; b) a relatively low investment (in case of
manual and semi-mechanized landfill), compared to
mechanized landfills; c¢) possibility of generating jobs,
unskilled and cheap labour; and d) the production of methane
gas to medium term, due to the decomposition of organic
waste.

Therefore, landfills can be divided into three types
according to the amount of waste generated and its population
[20]. These can be:

. Mechanized sanitary landfill: For populations greater
than 100,000 inhabitants that generate solid waste more
significant than 40 tons per day.

. Semi-mechanized sanitary landfill: For populations
between 40,000 and 100,000 inhabitants that generate waste
between 20 and 40 tons per day.

. Manual sanitary landfill: For populations of less than
40,000 inhabitants that generate a maximum of 20 tons per day,
where heavy machinery cannot be purchased due to lack of
budget, logistics, and other aspects.

This work presents an evaluation methodology for the
technical-environmental viability of a type of sanitary landfill
that receives non-hazardous solid waste, which would be
specifically focused on the rural parish of Manglaralto located
in the north of the province of Santa Elena.

The reception of solid waste must consider the minimum
risk against the hydrogeology of the place, the physical,
chemical, and biological characteristics of the solid waste, the
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disposal methods, the risks and effects for the environment and
public health, and especially the safety of operating personnel
[21].

Therefore, is it possible that applying a Key Factors Matrix
(KFM) allows making decisions for a Sanitary Landfill's
technical-environmental viability, appropriate to the study
area's geographic reality and the physical environment?

KFM considers aspects related to the physical environment
of a given sector, which are considered to formulate the
following hypothesis: The application of the matrix designed
in this study will allow obtaining solid arguments in decision-
making to determine if the chosen place is favorable or not in
the technical-environmental viability of an SL.

The aims are to evaluate the main aspects of a study sector
and the technical-environmental viability of an SL by
implementing a Key Factors Matrix (KFM) to publicize the
possibility of its application in other rural communities. In this
way, achieve a definitive and comprehensive SL configuration
without damaging the environment during its operation and
without affecting the surrounding communities.

2. Materials and methods
2.1 Site description

The province of Santa Elena is located on the Ecuadorian
coast and is divided into three central cantons: Santa Elena, La
Libertad, and Salinas. It has a surface area of 3,762.8 km? and
has a population of 401,178 inhabitants (according to the
population projection made by the INEC [22]), not to mention
its sizeable national influx and foreign tourists.

This study focuses on the south-central coast of the country,
north of the province of Santa Elena, where the solid waste
generated comes from the Manglaralto Parish, whose final
disposal has been established in the Rio Chico sector, and is
subsequently being planning its final disposal in the Ayangue
sector (Figure 1). Manglaralto has a population of 37,163
inhabitants (projected until the end of 2020). It presents a
semi-arid climate (average annual rainfall of 170 mm [23])
influenced by two marine currents: El Nifio, which marks the
equatorial winter warm and humid, and the cold of Humboldt,
that presents variations between humid tropical climates and
dry. Average annual temperatures vary from 23°C to 25°C.
There are seasonal rivers; that is, the surface flow depends on
the winter season, while the water table increases with
infiltration and descends in the dry season [23, 24].

The Manglaralto parish has excellent geological diversity
that promotes tourist activity in the sector and its conservation
of geosites and sustainable development in various areas, such
as social, economic, environmental, and cultural [25, 26]. Its
resilience is reflected in the management of drinking water
through the coastal aquifer and the supply to its six communes,
the conservation of geosites and increase of its tourist resource,
the management of its wastewater through green filters, among
other projects focused mainly on the progress and
advancement of the community [27-29].

Due to the recent pandemic (COVID-19), the amount of
solid waste has decreased during 2020. For practical purposes,
the calculations focused on a typical situation in which tourism
activity is present consecutively.
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Figure 1. Map of Manglaralto Parish, Ecuador in South America

2.2 Methodology

The design of an SL requires applying a methodology that
allows the collection of data, and therefore, covers the
parameters framed in civil, sanitary, and environmental
engineering.

Figure 2 shows the methodology proposed in this work.
Phase I considers preliminary data such as population and
review of studies carried out in the sector and data in the field,
such as the amount of solid waste, generation of leachate, river

conditions, geographical, topographic, and geological
information the site. Based on these data, the implementation
of the proposed KFM is carried out, and in this way, establish
if it is feasible to implement the SL in a specific place. If
feasible, in Phase II, the SL's aspects are analyzed considering
the emplacement's area, the socio-economic and demographic
analysis of the sector for the volumetric calculation of solid
waste, and the area estimated during the next 15 years.
Consideration of these aspects will make it possible to
determine the technical-environmental viability of the SL.
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Figure 2. Methodology for the design of an SL
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2.3 Development of a Key Factors Matrix (KFM) for
Landfills

The KFM is a complementary tool to an environmental
impact matrix, a fundamental requirement before executing
any work in urban or rural areas, thus providing solid
arguments that promote an SL's technical-environmental
viability. Therefore, a matrix is created applicable in all rural
sectors and for all SL types (Table 1), prioritizing human
health and harmony with the environment.

To the left of the aforementioned table (first column "N"),
the rating corresponding to each row is observed. It is must be
read keeping in mind the key factor of each column and its
variants to be analyzed, thus providing a value in each factor
that would later be analyzed using an equation (Eq. (1)).

The KFM is a pragmatic reference based on professional
and research work for more than fifteen years in the study area.
So, a matrix is configured to help a preliminary decision.

Therefore, the factors related to water (surface and
underground), precipitation, permeability have a greater
weight in the KFM equation.

Some factors impact more than others, so that, in addition
to the valuations given, an appropriate weight is applied to
each established parameter (Eq. (1)).

TV =2Tp +3Gw + 3SW + W + 2SR+ T + 2P 1
+ Po+ 2k + 28T + DC
where: TV (Total Value), Tp (Topography), Gw
(Groundwater), SW (Surface Water), W (Wind direction), SR
(Solar Radiation), T (Temperature), P (Precipitation), Po
(Population), k (Permeability), ST (Soil Type) and DC
(Distance to Commune).

Figure 3 schematically represents each of these key factors
analyzed, based mainly on professional experience in this
study area.

Table 1. Key Factors Matrix (KFM)

Assigned value (N) Topography Groundwater Surface Water Wind direction Solar Radiation

3 Flat Nonexistence SW > 2Km Awa)t/ofvr\:)nm the Direct and intense exposure

2 Irregular Great depth 500m < SW < 2Km Near to town Direct and low intensity

exposure
1 Very irregular Low depth SW < 500m Towztigs\fnfrom Intercepted exposure
Precipitation . Permeability . .

N  Temperature [mm] Population [cm/s] Soil Type Distance to Commune
3 T>25°C P <500 Po < 40,000 105 < k < 1042 Slime/Clay DC > 10Km

0, 4
2 CST< swo<p<ionn PSP 101 < k < 107 Sand 500m < DC < 2Km
1 T <20°C P > 1,000 Po > 10° 108<k<103 Gravel DC < 500m

Note: The assigned value are: N =3 (Favourable), N = 2 (Intermediate), N = 1 (Unfavourable).
Precipitation Temperature Solar
Communes

)

TTTRadiafion

Wind_—2 D
—o

-

[ 11

/ Topograph

. Sanitar

Groundwater

y\

Figure 3. Schematic model and location of the key factors for KFM

3. RESULTS
3.1 Key Factors Matrix for Landfill. (KFM)

The KFM makes it possible to evaluate the Rio Chico and
Ayangue sector by analyzing each site's main aspects (Table
2). The total value (TV) allows determining the viability of the
SL based on its qualitative and quantitative component, as
shown below: TV>50: Constructible with minor precautions;
35<TV<50: Constructible under essential considerations;
TV<35: Not buildable.

Therefore, based on the data obtained in Table 2, the SL
project's implementation is feasible in the Ayangue sector (TV
= 58/60). It is an option to solve the problem of the final
disposal of solid waste.
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Table 2. Evaluation through the KFM

Rio Chico
Tp Gw SW W SR T P Po K ST DC
3 1 1 2 3 3 3 3 3 3 2
Total Value Interpretation
49 Constructible under important considerations
Ayangue
Tp Gw SW W SR T P Po K ST DC
2 3 3 3 3 3 3 3 3 3 3
Total Value Interpretation
58 Constructible with minor precautions

Notes: Topography (Tp), Groundwater (Gw), Surface Water (SW), Winds
(W), Solar Radiation (SR), Temperature (T), Precipitation (P), Population
(Po), Permeability (k), Soil Type (ST), Distance to the Community (DC) and
Total Value (TV).



3.2 Conditions of the study area

The old landfills (in the open air) do not consider technical-
environmental details, harming human health through the
emission of gases carried by the wind and leachates that
circulate through the ground, thus polluting green areas and
water sources [30, 31]. Therefore, for the Ayangue sector, it is
necessary to establish adequate coordination between the
municipalities and the health authorities, thus achieving the
evaluation of areas with soft reliefs and low slopes.

Ayangue has access roads suitable for the transfer of
collection vehicles, workers, and machinery destined for the
SL. Its knowledge and operation must be agreed with the
community to accept and collaborate with the inhabitants.

3.3 Socio-economic analysis

The economy of the province of Santa Elena (specifically in
Manglaralto) is based mainly on maritime and tourist
resources, so it receives a large influx of people during the
holiday and festive season. The collection of solid waste in the
Manglaralto parish is carried out six days a week, which
allows a calculation more in line with the sector's reality.

3.4 Demographic aspects

The population increase of the parish and tourism in the
sector influences the production of solid waste. Therefore, all
the demographic aspects present for the SL's technical-
environmental viability must be considered (Table 3).

Table 3. Demographic aspects considerate

Current The number of autochthonous inhabitants of the Manglaralto parish allows starting the calculations regarding population
population growth and solid waste produced in a given time.

Future It is essential to estimate the future population that the community will have in the next 15 years to calculate the SL's
population volume and area throughout its useful life.

Floating It corresponds to an adjustment of the population increase due to the tourist influence of the sector. Therefore, according to
population Espinel Ortiz et al., 2014 [32], the relationship between the 116 days off in Ecuador and 365 days a year must be

considered, which corresponds to an adjustment of 32% of the annual population.

The population growth rate is calculated for the Manglaralto
parish (Table 4), according to the 2001 and 2010 census
population in Ecuador, carried out by the National Institute of
Statistics and Censuses (INEC, acronym in Spanish), which is
in charge of collecting economic and environmental data and
sociodemographic of the country [33].

Table 4. Population growth rate

Census Census Growth rate  Current population
2001 2010 (%) (2020)
23,436 29,512 2.3 37,163

Table 5 shows the total population increase during the
useful life of the SL, which is equal to the sum of the future
population (Eq. (2)) and the annual adjustment of this due to
the floating population (Table 3).

E, = Cp(l +7)t )
The acronym of each equation is shown in Table 6.
Table 5. Population growth (15 years)
Future Floating Total population
Year . .
population population per year

2021 38,030 12,170 50,199
2022 38,917 12,453 51,370
2023 39,824 12,744 52,568
2024 40,753 13,041 53,794
2025 41,703 13,345 55,048
2026 42,676 13,656 56,332
2027 43,671 13,975 57,646
2028 44,690 14,301 58,990
2029 45,732 14,634 60,366
2030 46,798 14,975 61,774
2031 47,890 15,325 63,214
2032 49,006 15,682 64,688
2033 50,149 16,048 66,197
2034 51,319 16,422 67,741
2035 52,515 16,805 69,320
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3.5 Calculation of the volume and area needed for Sanitary
Landfill

3.5.1 Per capita production

According to the following equation (Eq. (3)), the per capita
production (pcp) is the amount of solid waste per inhabitant,
so:

SWcinaday

pcp = 3)

Tpo
For calculating the pcp of each year (Table 7), the

mathematical method (Rule of three) is used between the Pop
and its pcp of this and next year.

3.5.2 Total solid waste production
The production of Solid Waste daily (SWg4) will be
calculated using the following equation (Eq. (4)).

SW4 = Tpo * pcp “4)

Table 6 shows the daily, annual, and accumulated amount
of the 15 years of the SL's useful life.

3.5.3 Solid waste volume

The daily volume (Eq. (5)) of solid waste calculated,
considering that the accumulation of waste is given seven days
a week, but the collection is six days.

7 (day of accumulation)
6 (day of collection)

Vdaily = (SWd/Dcsw) * %)

For known, the annual volume of compacted solid waste
(Eq. (6)), the following equation is used:
Vesw = Vdaily * 365 (6)

The equation for the annual volume of stabilized solid waste
(Eq. (7)) is:



Vosw = SWd/Dssw * 365 (7

The required volume of cover material, total volume, and
total area.

The Cover material (Cm) (defined as the minimum amount
of land needed to cover solid waste that has just been
compacted. See Eq. (8)), is estimated that fluctuates between
20% and 25% of the volume of compacted solid waste, but in
this case, it will take the value of 20%.

Cm = Vg, *20% (®)

Total volume and total area required

The result of the total volume of the SL (V) (see Eq. (9))
in the 15 years shown in the following Table 8, and its
calculation is given with the following equation:

Vsr = Vosw + Cm ©)
For known the total area required for the SL (Asr) (Table 9),

the height (3 meters for a year) concerning the required annual
volume must be considered, managing to determine the

following expression (Eq. (10)):

Ay, = Vs/3 (10)
Table 6. Equations' acronym
Acronym Meaning
Fp Future population
Cp Current population
r Population growth rate (2.3%)
t Years interval
pep per capita production
Tpo Total population
SW¢ Solid Waste collected
SWa Solid Waste daily
Vadaily Volume of solid waste available in one day
Desw Density of compacted solid wastes (300 kg/m?)
Dissw Density of stabilized solid wastes (500 kg/m?)
Vesw Volume of compacted solid waste
Visw Volume of stabilized solid waste
Cm Cover material
VsL Total volume of the SL
AsL Total area required for the SL

Table 7. Per capita production and accumulation of solid waste

Solid waste quantity

Total ppc . Accumulated
Years population kg/hab/dia Daily Annual (Accum.)
tons/day tons/year tons
2021  50,199.48 0.57 28.61 10,444.00 10,444.00
2022 51,370.14 0.58 29.96 10,936.79 21,380.80
2023 52,568.10 0.60 31.38 11,452.84 32,833.63
2024 53,793.99 0.61 32.86 11,993.23 44,826.86
2025  55,048.48 0.63 34.41 12,559.12 57,385.97
2026  56,332.21 0.64 36.03 13,151.71 70,537.68
2027  57,645.89 0.65 37.73 13,772.26 84,309.94
2028  58,990.20 0.67 39.51 14,422.09 98,732.03
2029  60,365.86 0.69 41.38 15,102.58 113,834.61
2030 61,773.60 0.70 4333 15,815.18 129,649.79
2031 63,214.16 0.72 45.37 16,561.41 146,211.20
2032  64,688.33 0.73 47.51 17,342.84 163,554.05
2033  66,196.87 0.75 49.76 18,161.15 181,715.19
2034  67,740.58 0.77 52.10 19,018.07  200,733.26
2035 69,320.30 0.79 54.56 19,915.42  220,648.68

Table 8. Total sanitary landfill volume (m?)

Compacted solid waste  Cover material  Stabilized solid waste

Sanitary Landfill

Year

Daily Annual Daily  Annual (m3/year) Vs Vaceum.
2021 111.28 40,61556  22.26 8,123.11 7,624.12 48,239.69  48,239.69
2022  116.53 42,531.97 2331 8,506.39 7,983.86 50,515.83  98,755.52
2023  122.02 44538.80 2440 8,907.76 8,360.57 52,899.37  151,654.89
2024  127.78 46,640.33 2556  9,328.07 8,755.06 55,395.38  207,050.28
2025 13381 48,841.01 26.76 9,768.20 9,168.15 58,009.16  265,059.44
2026  140.12 51,145.53  28.02 10,229.11 9,600.75 60,746.27  325,805.71
2027  146.74 53,558.78  29.35 10,711.76 10,053.75 63,612.53  389,418.24
2028  153.66 56,085.90 30.73 11,217.18 10,528.13 66,614.03  456,032.27
2029 160.91 58,732.26  32.18 11,746.45 11,024.88 69,757.15  525,789.42
2030 168.50 61,503.49  33.70 12,300.70 11,545.08 73,048.58  598,837.99
2031  176.45 64,405.48 3529 12,881.10 12,089.83 76,495.31  675,333.30
2032  184.78 67,444.39  36.96 13,488.88 12,660.28 80,104.67  755,437.96
2033 19350 70,626.69  38.70 14,125.34 13,257.64 83,884.33  839,322.29
2034 202.63 73,959.15  40.53 14,791.83 13,883.19 87,842.34  927,164.63
2035  212.19 77,448.84 42.44  15,489.77 14,538.25 91,987.10 1,019,151.72
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Table 9. Total sanitary landfill area (hectares)

Volume Area
Year VsL AsL  Aaccum.)
2021 48,239.69 1.61 1.61
2022 50,515.83 1.68 3.29
2023 52,899.37 1.76 5.06
2024 5539538 1.85 6.90
2025 58,009.16 1.93 8.84
2026 60,746.27 2.02 10.86
2027 63,612.53 2.12 12.98
2028 66,614.03 2.22 15.20
2029 69,757.15 2.33 17.53
2030 73,048.58 2.43 19.96
2031 76,495.31 2.55 22.51
2032 80,104.67 2.67 25.18
2033 83,884.33 2.80 27.98
2034 87,842.34 293 3091
2035 91,987.10 3.07 33.97
4. DISCUSSION

The configuration of the KFM consists of the analysis of the
main factors that influence rural sectors (Table 1), such as
Topography, Groundwater, Surface Water, Winds, Solar
Radiation, = Temperature,  Precipitation, = Population,
Permeability, Type of Land, and Distance to the Community.
It complies with the review carried out by Rezaeisabzevar,
Bazargan, and Zohourian (2020) [34]. They focus on the main
evaluation methods and the most used criteria for the site's
analysis and selection, which would comply with the
acceptance and feasibility technical-environmental for an SL's
subsequent design.

Results suggest an annual area (in hectares) of 1.61 in the
first year and 3.07 in year 15 of the useful life of the SL (Table
9), considering a height of 3 meters as proposed by the
Ministry of the Environment and Water [20]. They are
projecting a total area of 33.97 hectares in the technical-
environmental viability of the SL. Therefore, the Sanitary
Landfill of type Manual cannot be considered for this project
since the estimated area exceeds Jaramillo's proposal [35].

The population projection for this project (Table 5) starts
from 50,199 inhabitants and ends with 69,320 (estimated in
the 15 years of the useful life of the SL), producing solid waste
daily, ranging between 28 tons/day of the first year and 54
tons/day of the last year. Table 7 shows the amount of solid
waste produced during the first eight years (less than 40
tons/day), thus complying with the conditions of a Semi-
mechanized Sanitary Landfill, as stated by the Ministry of the
Environment and Water [20]. However, from the ninth year,
solid waste production exceeds 40 tons/day (Table 7), which
indicates that the ideal SL for this amount of garbage is the
Mechanized Sanitary Landfill.

The Ayangue sector meets the acceptance criteria for the
technical-environmental viability of an SL (Table 2). It has
asphalt roads that provide adequate access to any area far from
the populated area at any time of the year. Its only drawback
is the topography of the place, which can be analyzed through
various evaluative criteria and implementation of GIS
(geographic information system), as stated by Md Mainul, Sk
et al. [36].
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5. CONCLUSIONS

The evaluation carried out in Ayangue, through the KFM,
provides a total value of 58/60 (Table 2), thus demonstrating
the technical-environmental viability of the SL under certain
precautions, focusing on suitable areas for its location
according to the topography of this sector. On the other hand,
in Rio Chico's commune, manifests this sector's unacceptable
conditions (Table 2), such as the direct contamination of
surface waters and the coastal aquifer due to leachate seepage,
in addition to the emanation of gases that the wind transports
that to the nearest towns. It allowed to recommend the new SL
in Ayangue and justify the SL's technical closure in the Rio
Chico sector.

According to the results obtained in table 7, the SL located
in Ayangue would meet the technical-environmental viability
of a Semi-mechanized Sanitary Landfill during the first eight
years of its useful life, with a partial implementation of
machinery in the transfer of material. As of the ninth year, the
production of solid waste exceeds 40 tons/day, for which it is
determined that the operating system of the SL must be
modified to Mechanized Landfill. Therefore, heavy machinery
must be implemented for the transfer, compaction, and filling
of the SL.

For the SL's technical-environmental viability, a stable and
impermeable soil (preferably clayey) should be considered,
and with a slope of 3% to 12% of inclination, for the adequate
evacuation of leachates [20]. Through this project, the
population benefits by generating unskilled labour, available
in abundance in developing countries and showing a clear and
easy alternative to mitigate the different environmental
impacts generated mainly by the open deposition of solid
waste, thus improving the quality of life of the inhabitants and
surrounding populations.

The SL that is projected in Ayangue aims to store the solid
waste of the Manglaralto parish continuously. A maintenance
plan and permanent technical monitoring of gas and leachate
emissions must be carried out, for the future reuse of the land,
especially in recreation and ecological areas. As was the
largest landfill globally, "Fresh Kill Landfill" is a recognized
ecological park [37].
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