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Abstract

In Latin America and the Caribbean, the suitable processing of waste through the
use of landfills is around 55%, while the local governments with municipal solid
waste (MSW) management plans are around 20%. In Quito, for instance,
approximately 2000 ton/day of solid waste are collected, and disposed in El Inga
Landfill. The objective of this study is evaluating the MSW management of Quito
through Life Cycle Assessment (LCA) approach. For achieving this goal, the 1ISO
14040 methodology was followed and SimaPro 8.4 was used as analysis software.
The functional unit used is 1 ton of MSW, while, the material of study was the waste
generated in households, commercial sector, schools and markets; whose values
were obtained by the public companies EMASEO-EP, EMGIRS-EP, as well as from the
open-access data of the city. The results show that using of biogas from the landfill
allows the maximum saving of greenhouse gases (GHG) emissions. Therefore, the
biogas plant is the process with less environmental impact. The compaction and
transportation of MSW displayed a slightly higher impact comparing with the
previous process, presenting the second-best environmental performance. On the
other hand, the leachate treatment shows the greatest environmental impact
according to the model, despite of the effluents does not exceed the permissible
limits of the environmental Ecuadorian legislation. The researchers consider
suitable the analysis of composting and anaerobic digestion techniques as
complementary options to reduce this environmental impact, due to the high organic
fraction in the analyzed waste.

Keywords: Life Cycle Assessment (LCA). Municipal Solid Waste Management.
Landfill. Ecuador.
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1. INTRODUCTION
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Resumo

Na América Latina e no Caribe, o processamento adequado de residuos através do
uso de aterros sanitarios é de cerca de 55%, enquanto os municipios com planos de
gestdo de residuos sélidos urbanos (RSU) s&o cerca do 20%. Em Quito, por exemplo,
aproximadamente 2000 ton/dia de residuos sdlidos sdo coletadas e depositadas no
aterro de El Inga. O objetivo deste estudo é avaliar a gestdao de RSU de Quito através
da abordagem da avaliagdo do ciclo de vida (ACV). Para atingir esse objetivo,
seguiu-se a metodologia ISO 14040 e o SimaPro 8.4 o software utilizado na andlise.
A unidade funcional utilizada é de 1 tonelada de RSU, enquanto o material de estudo
foi o lixo gerado em residéncias, no setor comercial, escolas e mercados; cujos
valores foram obtidos das empresas publicas EMASEO-EP, EMGIRS-EP e dos dados
de acesso aberto da cidade. Os resultados mostram que o uso de biogas
proveniente do aterro sanitario permite uma redugdo nas emissOes de gases de
efeito estufa (GEE), tornando a unidade de biogds como o processo com o menor
impacto ambiental. A compactagéao e transporte de RSU apresentou um impacto
ligeiramente superior em relagdo ao processo anterior, apresentando o segundo
melhor desempenho ambiental. Por outro lado, o tratamento de lixiviados mostra o
maior impacto ambiental de acordo com o modelo, apesar de que os efluentes ndo
excederem os limites permitidos pela legislagdo ambiental equatoriana. Os
investigadores consideram a analise das técnicas de compostagem e digestao
anaerdbias adequadas, como opg¢des complementares para reduzir esse impacto
ambiental, devido a predominancia da fragé@o organica nos residuos analisados.
Palavras-chave: Avaliagdo do Ciclo de Vida (ACV). Gestdo Municipal de Residuos
Sélidos. Aterro Sanitario. Equador.

Resumen

En América Latina y el Caribe, el procesamiento adecuado de los residuos mediante
el uso de rellenos sanitarios es de alrededor del 55%, mientras que, los municipios
con planes de gestion de residuos sélidos municipales (RSU) representan alrededor
del 20%. En Quito, por ejemplo, se recolectan aproximadamente 2000 ton/dia de
residuos sdlidos urbanos y se disponen en el vertedero El Inga. El objetivo de este
estudio es evaluar la gestién de RSU de Quito a través del enfoque de andlisis del
ciclo de vida (ACV). Se sigui6 la metodologia ISO 14040 y se utilizé SimaPro 8.4
como software de andlisis. La unidad funcional utilizada es 1 tonelada de RSU,
mientras que el material de estudio fueron los residuos generados en los hogares,
el sector comercial, las escuelas y los mercados. Dichos valores fueron obtenidos
de las empresas publicas EMASEO-EP, EMGIRS-EP, asi como los datos de acceso
abierto de la ciudad. Los resultados muestran que el uso de biogas del vertedero
permite el maximo ahorro de emisiones de gases de efecto invernadero (GEI), por lo
que la planta de biogas es el proceso con menor impacto ambiental. La
compactacion y el transporte de RSU mostraron un impacto con un ligero aumento
con respecto al el proceso anterior, presentando el segundo mejor desempefio
ambiental. Por otro lado, el tratamiento de lixiviados muestra el mayor impacto
ambiental segun el modelo, a pesar de que los efluentes no exceden los limites
permisibles de la legislacién ambiental ecuatoriana. Los investigadores consideran
adecuado el andlisis de las técnicas de compostaje y digestién anaerébica como
opciones complementarias para reducir este impacto ambiental, debido al
predominio de la fraccién orgdnica en los residuos analizados.

Palabras clave: Andlisis de Ciclos de Vida (ACV). Gestion de Residuos Sdlidos
Urbanos. Relleno sanitario. Quito.

Waste represent a significant challenge for human health and environment, especially in Latin

America and the Caribbean (LA&C), where the implementation of modern technologies of MSW

management and applicative approaches like the Circular Economy are delayed or nulled (Center

for Clean Air Policy 2018; Goicochea, Fabregat 2015). Open dumps are still high in the region,

thus most countries are trying to eradicate them, and adopting landfills. Nowadays, the options
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for disposing MSW are sanitary landfills 36 %, controlled landfills 25%, and uncontrolled dump
sites 33% (Banco Interamericano de Desarrollo 2015; Margallo et al. 2019).

In Ecuador, around 11341 tons of waste are generated daily, that is, approximately 4139512
tons/year, of which 61.4% are organic, 9.4% paper or cardboard, 11% plastic, 2.6% glass and
2.2% scrap. Nevertheless, there is the possibility of recovering organic nutrients using biological
waste treatment (Damgaard, Christensen 2010). The increase in the generation of MSW has
slow down its management by need of high economic investment, representing a social, economic,
and primarily environmental concern. Although, the Municipal Decentralized Autonomous
Governments (GADs) have developed mechanisms to execute differentiated management, the
advances within the territory are still insufficient. Thus, 80% of the 221 GADs dispose their
waste in open dumps, ravines and on the riverbanks, and only 20% dispose their waste in manual,

mechanized and shared sanitary landfills (Ministerio de Ambiente del Ecuador 2014).

The Metropolitan District of Quito, capital city of Ecuador has an area of 424717 ha (Carrion,
Vasconez 2015) and a population of 2644145 inhabitants for 2017 according to the estimations
of the National Institute of Statistics and Census (Instituto Nacional de Estadistica y Censos
2019); and its production of waste collected per capita is 0.681 kg/day/person. This waste is
treated and disposed in a technical and controlled manner into the Landfill of the Metropolitan
District of Quito. The urban solid waste treatment starts with the excavation of a technically
configured space for the final disposal, covered with a geomembrane for protect the natural soil
from leachate liquids and a system for capturing biogas. Thus, El Inga landfill considers in its
design the groundwater management, geological and geotechnical characteristics of the soil, ease

of operation, leachate management and biogas extraction (EMGIRS-EP 2012).

The life Cycle Assessment (LCA) is used as a technique to assess the environmental impacts
associated with all the stages of a product’s life from cradle-to-grave (Muralikrishna, Manickam
2017). Also, this technique allows to identify whose decisions should be taken to decrease the
environmental loads, choosing the most desirable alternative based on a long-term evaluation
(Pariatamby, Tanaka 2014).

The Life Cycle Assessment has been recently implemented in Ecuador, reason why, there are
only few studies about this topic. Most of them have been focused on food products, for instance,
Avadi et al. (2015) evaluated the Ecuadorian processed tuna; Pérez Neira (2016) assessed the
cacao export and its contribution to climate change; Criollo & Salamea (2018) evaluated the
Quinoa in the province of Imbabura-Ecuador; and Jaramillo (2019) evaluated a meat product as
a strategy for a sustainable agribusiness. Moreover, some services have been evaluated, for
instance, Remache (2017) evaluated the environmental impact of the Public Transport System

of Tulean; and Ramirez et al. (2015) assessed electricity network in Ecuador. However, none of
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these studies has evaluated the MSW management in Ecuador, whereby, the present study

represents a novel propose of research in the country.

In order to evaluate this issue, the method used in the present study is ReCiPe2016. It applies a
cause-effect model, associated with time horizon, perspective, damaged pathway, among other
factors. There are two mainstream approaches, which are complementary: midpoint and
endpoint. The midpoint factors are located at the point after which the environmental mechanism
is identical for all environmental flows. While the endpoint factors correspond to areas of
protection: human health, ecosystem quality, and resource scarcity. Therefore, Endpoints provide

better information, but it has more uncertainty than middle points (Huijbregts et al. 2017).

Two perspectives can be evaluated for residues: modeling of waste disposal of a product or
comparison of various waste disposal alternatives. It might allow finding the most suitable waste
disposal and generates co-products as energy with the smallest loads on the environment
(Klopffer, Grahl 2014). Under this context, the present study evaluates the MSW management
system of Quito - Ecuador through life cycle assessment approach, focusing on the management
of domestic and commercial waste, because they are generated massively and continuously,

representing an important environmental load.

2. MATERIALS AND METHODS

The evaluation was realized using the Environmental management - life cycle assessment -
principles and framework, requirements and guidelines (International Standards Organization
2006), and four stages of analysis, which included scope and objective, inventory analysis, impact
assessment and interpretation of results. A complementary guide considered was the Guidelines
for National Greenhouse Gas Inventories developed by the Intergovernmental Panel on Climate
Change (2019).

This research uses the average values of a year of activities, considering the following
components: the consumption of fuels, electrical energy, chemical reagents, energy production,
liquid discharges, gas emissions as well as their chemical composition, solid waste percentage.
The key data for the replicability of the model has been displayed in the section of functional unit
and system boundary. However, it is not possible to share all the input and output data due to

confidential rules of the responsible institutions for MSW management.

2.1. Functional unit and system boundary

Quito produces approximately 2000 ton/day of solid waste, nearly 60% of this is organic waste
(Tragsatec 2016). The temporary limits are set according to information available during the
lapse of one year, since January to December 2017, and the functional unit will be 1 ton. The
weight of MSW collected in the North and South transfer stations, EMASEO-EP, authorized
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private managers and GADM Ruminahui was 754854.16 ton in 2017 (from households, trade,
markets, schools, markets). However, in the present study it was considered 751639.66 ton

without considering the waste from hospital and wildlife waste (Municipio de Quito, 2017).

The analysis covers the MSW management area of the Metropolitan District of Quito, which
extension is 4183 Km? (GADP Pichincha, 2017) with a population of 2'644145 inhabitants
according to the National Institute of Statistics and Census (INEC) in 2017. Thus, the production
of waste collected per capita was 0.681 kg/day/person. Figure 1 shows the limits and boundaries

established for the present study.

Figure 1. Limits System for Management of MSW Metropolitan District of Quito.
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2.2. Life cycle inventory and main assumptions

The characterization of the MSW used in this study, is presented in Table 1 (EMGIRS-EP
2013). The characterization values of the Leachate Treatment Plant and Biogas Plant were
provided by the technicians of the Landfill, being necessary processing of raw data in order to

get average values, used in the analysis.

Conscious of the restrictions for getting all the information from primary sources, some
limitations were set stablished as follow: the infrastructure and the demolition of the facilities, in
the same way, the management of hazardous, construction waste and incineration of wildlife are

excluded.
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Table 1. MSW Composition in the two transfers station in Quito-Ecuador.

Component North Transfer Station (%) South Transfer Station (%)
Paper 2.10 2.19
Paperboard 2.22 1.97
Compounds 0.60 0.69
Dangerous 0.05 0.04
Pet bottles 2.98 3.01
High Density Plastics 2.42 2.30
Plastic Cover 5.33 5.53
Polypropylene 2.58 2.15
Polystyrene 1.13 0.92
Inert (Slab, Ceramics, Earth) 0.22 0.38
Garden Organics 0.49 0.05
Organic Kitchen 56.39 57.68
Reject (Toilet paper, diapers) 9.97 8.57
Electronics 0.16 0.25
Textiles 3.43 4.24
Ferrous metals. 0.61 0.83
Metallic Not Ferrous 0.21 0.18
Glass 1.67 1.56
Wood 0.83 0.88
Minorto 1 cm 6.23 6.29
Hospitable and Medications. 0.38 0.31
Others 0.00 0.00
Total 100.00 100.00

The impact caused by the trucks that connect the Transfer Stations and El Inga landfill were
evaluated. However, the following vehicles were not considered mechanical sweepers, pressure
washers, skid steer loaders, side load collectors, front loading and rear loading, washing
containers, dump trucks, truck tractors, trucks for collection in rural parishes and roll of-on truck.

Neither the maintenance of the vehicles was not considered in this study and for collection.

2.3. Life cycle impacts assessment method (LCIA)

There are several methods and databases used worldwide such as: US Life Cycle Inventory
Database, European Life Cycle Database (Hollerud et al. 2017), EDIP2003 (Hauschild, Potting
2005), Impact 2002 (Curran 2012), RECIPE, LIME, European Reference Life Cycle Database
(ELCD), Ecological Footprint, ISO 14040 (2006) used in the context of LA&C (Bovea et al.
2016), etc. In order to achieve proper analysis, several categories are used, which imply a specific

area of environmental assessment. Some of the categories used are: Global-Warming (GW)
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potential, associated with climate change; Ozone layer depletion; Photochemical smog; Human
and Ecotoxicity, related to public health; Resources conservation potential (Beylot, Villeneuve
2013; Chang, Pires 2015; Lausselet et al. 2016).

On the other hand, some research (Dong 2016) considered these next impact categories: GW,
Acidification (AC), Terrestrial eutrophication (TE), Photochemical ozone formation to human
health (POFh), Human toxicity via air (HTa), Human toxicity via solid (HTs), Ecotoxicity via
solid (ETs). Though, some studies even considered all the available midpoints (Lam et al. 2018),
this option is not a real solution for this approach. Therefore, the authors considered the most
representatives midpoints in the field of the MSW and LCA for comparison proposes, they were:
global warming, stratospheric ozone depletion, freshwater ecotoxicity, land use, fossil resource
scarcity, water consumption. Whereas the endpoints considered were Human health, Ecosystems

and Resources.

The impact evaluation was carried out with the software SimaPro 8.4, using the ReCiPe 2016
method, because it is demonstrated its reliability in several studies of LCA applied on MSW
Management (Beylot, Villeneuve 2013; Lam et al. 2018; Lausselet et al. 2016). Besides, the
recovered fraction used is show in the Figure 2, which was elaborated according to available data

on the statistics.

Figure 2. Amount in tons and percentage recovered in 2017.
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Source: (EMGIRS-EP 2017).
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3. RESULTS AND DISCUSSION

The MSW management in Quito was analyzed in four stages: biogas generation, compaction,
leachate treatment, and transportation. Figure 3 shows the main findings of the LCA study,
which depicts the middle points with their endpoints. The abbreviations of the middle points are
the next ones: GW: Global warming; S-OD: Stratospheric Ozone Depletion; T-AC: Terrestrial
acidification; F-EC: Freshwater eutrophication; LU: Land use; FRS: Fossil resource scarcity;
W-CON: Water consumption.

Figure 3. Environmental assessment through ReCiPe2016 (middle point) of four stages related to the MSW
Management in Quito-Ecuador.

100 7 - E?
80 Eﬂ
' £7
60 _;
- =
40 =¢
{ |
_ =7
s 20 Eﬂ
.. =
20| T-AC F-EC LU FRS  W-CON
-40 —
A Biog-;as facility E== Compaction of MSW Leachate Treatment [EEE Transportation

3.1. Transportation

The waste is collected and stored mainly in the North or South Transfer Stations, where they
hold processes of sorting. Moreover, entities like EMASEO-EP, GADM Ruminahui, and
authorized private managers are in charge of transporting MSW to its final destination “El Inga”
Landfill. The distance between the Transfer Stations and the final disposition is 40 km approx.,
resulting in around 8 trips per day with an average of 27 ton transported per trip (EMGIRS-EP
2017).

Reason why, one of the seven parameters, Stratospheric Ozone depletion, displayed the maximum
level of environmental load, mainly because of the gas emissions from the cars. Comparably,
Jimenez (2013) obtained a high environmental impact in the transportation sector for the

Municipality of Ecatepec-Mexico as well, with a population similar to Quito.

3.2. Compaction

The compaction is developed using 20 heavy machineries, among them: excavators, loaders,
motor graders, rollers, compactors, among others. During, the 2017 the compaction carried out
around 33618 trips approx., to decrease the waste volume. This process exhibits the second-best

environmental performance, yet the difference with the previous stage is negligible. According
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to the endpoints displayed in Figure 4, the use of resources had more influence than the ecosystem
and Human health.

Figure 4. Environmental assessment through ReCiPe2016 (endpoint) of four stages related to the MSW
Management in Quito-Ecuador.
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3.3. Leachate treatment

The compaction process creates an anaerobic environment for methane production. The areas
where the waste is disposed (equals to 2100 ton/day) are covered with a geomembrane for fluids,
where there is a system of pipes conducting the leachate to the leachates treatment plant
(EMGIRS-EP, 2017). The data utilized for this stage involved two subprocesses: Leachate
treatment plant (PTL) and Vibratory Shear Enhanced Processing (VSEP) treatments, while
supplementary materials such as flocculants, coagulants, and acid compounds, were not
considered. The system of VSEP can treat 250 m?/day on average. After treatment, the clean
wastewater is discharged to El Inga river (EMGIRS-EP, 2017).

Its environmental performance, according to the results, shows having the greatest load,
although it could be due to the limitations mentioned in Section 2.2 Life cycle inventory and main
assumptions. Furthermore, the values of discharges do not exceed the permissible limits of the
Ecuadorian legislation, fact allows guaranteeing the correct disposition of treated leachates to El

Inga river.
3.4. Biogas Recovery Facility

The biogas capture system was implemented in two phases: the first one, in February 2016
(2MW) and other in March 2017 (3MW), contributing with a total of 5MW. With the plant
located within El Inga Landfill, 26000000 m? of biogas into the environment stopped emitting,
which means 250000 tons of Carbon Dioxide (Secretaria de Ambiente 2017).
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Thus, the Municipality takes advantage of it, receiving a change of 500000 carbon certificates

for reducing pollutants.

Figure 3 displays the environmental efficiency of the biogas recovery facility thought negative
values at 3 midpoints: global warming, the ecotoxicity of fresh water and the scarcity of fossil
resources, since the process prevents emissions of GHG, and it allows the availability of

electricity near the area.

4. CONCLUSION

Quito generated approximately 200 tons daily during 2017, however, some implementations
were done forward to reach the goals of the municipality in MSW management. For instance, in
2017 mid-year the GAD started up a separation plant in the North Transfer Station, as well as,
the full operability of 5 MW, reached since March 2017.

A life cycle assessment was conducted using the ReCiPe 2016 method, finding that the biogas
capture system is the process with less environmental impact, showing even some negative
values. The second process with less impact is the compaction, with loads in almost all the
parameters very close to transportation, the third one. The process with the greatest impact
according to the proposed model is the leachate plant, nonetheless, the effluents of its process did

not exceed the limits based in the Ecuadorian legislation in any parameter.

For future studies, it is suggested to consider social and economic factors to have an integral
assessment of this service, as well as, evaluating some scenarios considering the high percentage
of organic matter. In the same way, recycling process could be an interesting case of study in the
future, not just for the environmental load saving, but also for the generation of incomes to the

people that work near to the area.
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