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ABSTRACT

Although electrical and electronic equipment are the most used in
everyday life, linear economy, which is based on producing, using, and
discarding, is causing a high impact on human health due to the harmful
effect of some of the materials that are disposed of inadequately.
Consequently, the circular economy in the Electrical and Electronic
Equipment Waste (WEEE) sector has taken a great boost, whose purpose
is to reduce, reuse, and recycle. The aim of the article is to provide an
overview of e-waste management and the circular economy in the
Ecuadorian context. Methodologically, it is approached from a qualitative
and exploratory method, constituting a starting point for the analysis of
the selected sector. The results have implications applicable to the data
collected for the case study, which are limited, and the management of
electrical and electronic equipment waste, that requires changes in the
value chain and collaboration between actors to ensure systemic
functioning. In conclusion, the biggest challenge with respect to WEEE
focuses on generating environmental and social health awareness, as well
as the generation of circular economic activities.
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INTRODUCTION

The rapid consumption of electrical and electronic equipment (EEE)
worldwide has led to an increase in electronic waste (e-waste) generation,
posing a significant threat to human health and the environment. Proper
management of e-waste has become a critical concern, with the need for
sustainable solutions to tackle this global problem [1]. The United Nations
estimates that between 20 and 50 million metric tons of this type of waste
have been generated, and that only 20% or 25% has been formally recycled
[2,3].

One approach gaining traction is the circular economy, which aims
to keep materials and resources in use for as long as possible [4]. The
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circular economy model encourages the reuse of products and recycling
of materials, reducing waste and limiting the use of finite resources. This
approach represents a significant paradigm shift from the traditional
linear model of ‘take, make, and dispose of’ to a more sustainable and
environmentally friendly approach [5,6]. Although becoming very
popular during the last decade, there is not yet a common agreement on
a definition for the CE. A number of definitions have been proposed
during last years [7,8] though an academic consensus is still lacking.

In general, the CE encompasses a variety of proposals that seek to
reduce the need to extract new mineral and energy resources,
prolonging the useful life of products and transforming waste into new
resources to reincorporate them indefinitely into the production chain
[9]. CE is characterized as a systemic approach with a holistic view of
the economic process, considering aspects such as products,
components, recycling, reuse, renovation, repair, cascading and
regeneration; as well as the use of renewable energy sources (solar,
wind, biomass), obtaining energy from waste and sustainable
consumption [8]. [10] emphasizes the deep economic shift from linear
to CE: “turning the linear industrial economy into a loop or circular
economy is, by definition, reducing the economic importance of
resource extraction and waste management, and also reducing the
environmental impairment caused by these industrial sectors”. [10] (p.
4). Hence, CE requires decoupling economic growth from resource
extraction and waste generation, emphasizing functional performance
against ownership and product consumption. Accordingly, Stahel
suggests that the change from a linear throughput to a stock
management opens opportunities in three different loops: (i) reuse and
remarketing of goods; (ii) product-life extension activities of goods; and
(iii) recycling of molecules (secondary resources). Besides the definition,
it is relevant to highlight the existence of a hierarchy within the
different measures that can be applied within the implementation of the
CE approach. In this sense, the butterfly diagram of the EMF [11] very
well represents the different options for biological and technical
resources, that can be observed within value chains, in order to
effectively execute the principles of regenerating the nature, prolonging
useful life of products and designing out waste. Also, [10] wisely stresses
the importance of refusing, which is not necessary, reusing which is not
damaged, repairing which is damaged, remanufacturing which is not
working properly and finally, recycling which cannot be
remanufactured.

Another interesting dimension of the CE paradigm is how it widely
occurs, which is conceptualized as CE disruption. [12] have defined it as “A
transformation in a socio-technical system which causes the systemic,
widespread, and fast change from the harmful ‘take-make-use-dispose’
model to a socially and environmentally desirable and sustainable model
that reduces resource consumption and address structural waste through
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the deployment of circular strategies”. Obviously, the actual
implementation of CE principles can vary widely, depending on the
maturity of the linear model, the economic structure of countries and/or
regions, and on the specific configurations of the different value chains. In
this regard, [13] propose a framework that addresses top-down and
bottom-up interests to converge in favor of implementing a circular and
regenerative economy. Therefore, they suggest aligning the different
interests of policy makers, governmental bodies and manufacturing
industries to succeed in the implementation of CE.

In this article we will focus on the configuration of the electrical and
electronic waste value chain in a city in Ecuador. The possibilities for
implementing circularity measures in this context therefore lie in the
area of product recovery at the end of their useful life, in the form of
repaired and refurbished products as well as remanufactured products,
or in the form of materials suitable for new uses through recycling. The
circular strategies will lie therefore in the end of the value chain of
electrical and electronic products, i.e., where circularity takes
advantage of the waste stream generated by the linear model. Other
more ambitious CE approaches would focus on the early design and
conception phases of these products in order to generate a wider range
of activities and improve the circularity of the whole chain, while
minimising e-waste generation.

The objective of this article is to provide an overview of the
management of e-waste and circular economy in the Ecuadorian context,
particularly in one of the most commercial cities in the center of the
country. Cities have an important role to play in the implementation of
circular economy models [14]. As the main places of consumption, cities
are a critical link in the product value chain to implement actions aimed
at reuse, repair or recycling. The selection of the case study in the city of
Ambato (Ecuador) is justified by the importance of the e-waste stream, the
existence of certain industry dealing with it and especially due to the
interest of local and national governments on reducing e-waste.

From a methodological point of view, the paper addresses the objective
by implementing a qualitative and exploratory approach, based on
interviews and secondary data collection and analysis.

The paper is organised as follows. In the first section, the conceptual
basis is set; so, contributions related to the literature of what constitutes e-
waste and its management, circular economy and the regulations created
in Ecuador are presented. Then, in the second section we proceed to
outline the materials and methods applied in the research, from the
selection of the case-study city, and the procedure of information
collection and data analysis. In the third section of the article the results
are presented and discussed. Starting with the review of waste
management (value chain) and continuing with the analysis of data
through the social, environmental, and political context that arises from
the case. We conclude the analysis with the most interesting findings and
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some recommendations for implementation aimed at policy makers and
businesses.

Overall, this paper seeks to highlight the importance of transitioning to
a circular economy model in managing e-waste, emphasizing the need for
global cooperation and collaboration to achieve sustainable and long-term
solutions. The circular economy represents a promising approach to
address the growing concern of e-waste, providing a blueprint for a more
sustainable and environmentally responsible future.

E-Waste: Overview

In recent decades, there have been important results in terms of the
increase in the acquisition and use of electrical and electronic
equipment (EEE) [2] in response to the appearance of new
communication and information technologies, and above all, due to the
easy accessibility of these devices by users. In this regard, among the
largest part of waste generated by households are appliances such as
refrigerators, washing machines, ovens, televisions, and other similar
artifacts. Likewise, due to the use of the internet, cell phones, computers,
tablets, etc. stand out [1], every year the percentage of waste discarded
increases exponentially given its relatively short life cycle depending on
the new creation of devices [15] generating what is currently known as
e-waste.

The term e-waste has become a topic of interest to several authors, so
[16] refer to it as electrical and electronic devices that have reached the
end of their useful life, which can be considered as dangerous and harmful
to both human health and the environment.

Electrical and electronic waste represents the fastest growing waste
stream in the world [17], generating significant amounts of materials from
both internally to the planet (electrical appliances) and externally (space
debris), as well as environmental, health, and ethical issues [18].

[19] shows that e-waste is related to waste that corresponds to electrical
and electronic equipment and, in turn, is formed by a mixture of certain
components and materials that contain substances that can be toxic.

On the other hand, the definition granted by the European Union
(Directive 2012/19/EU) describes this type of waste as electrical and
electronic equipment and its components, which have already been
discarded or are close to the end of their useful life, and for which there is
no intention to be recycled or reused [20,21].

In addition to the environmental and health risks associated with e-
waste, there are also economic and social implications. As noted by [22]
“E-waste management can provide jobs, promote resource efficiency, and
reduce the environmental impacts associated with mining and processing
of virgin materials” (p. 1).

Overall, the concept of e-waste is critical to the sustainable
development of our society, as improper management can lead to negative
impacts on the environment, human health, and economy.
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The United Nations Environment Programme (UNEP) also mentioned
that, in 2020, electronic waste from cellular devices increased by eighteen
times, while that of computers by five, and that of televisions by two in
relation to previous years [23]. In the same line, the author shows that, for
the same reference year, approximately 51.8 million tons of WEEE were
reported worldwide, highlighting Japan, China, the USA, India, Russia, and
Germany as the countries that produce the largest amount of waste in
relation to the others existing.

In this regard, [24] mention that the production of this type of waste
increases over time due to a series of factors such as geographical area,
population, preferences and lifestyle, socioeconomic status, among
others. Thus, the continent that tops the list is Asia (24.9 Mt.), followed
by America (13.1 Mt.), Africa (12.9 Mt.), Europe (12 Mt.) and Oceania (0.7
Mt.).

In line with the above, [25] comment that the increase in this type of
waste can be caused by inconsistencies in the applications of the laws
established in each country, ranging from inspections to inadequate
evaluations of the treatment, processing, import and export of this type
of waste. In terms of WEEE management, developing countries still do
not have adequate infrastructure, which means that the processing of
waste of this type is done illegally, causing losses of valuable materials
[26].

In the case of Latin America and the Caribbean, WEEE produced per
person annually and by country varies considerably. In this regard,
Uruguay is considered the country that generates the largest amount of
electronic waste, with an average of 11 kg per person per year. On the
other hand, Nicaragua is the one with the lowest production of this type of
waste with an average of 2 kg [1].

In the same line of analysis at regional level, the problem of e-waste
production per person is significant and continues to grow. For example,
in Figure 1 the average reached for 2017 was 7 kg per person per year,
which exceeded the world average of 6 kg per person. The results could
respond to the bad reuse practices applied; in most cases, these products
do not reach a recycling plant where they receive an adequate treatment;
that is, in the best case they are given away or sold, partially increasing
their useful life. However, in the negative case, these devices are thrown
in the trash, burned, or buried.

Ecuador, specifically, is ranked fifth among the countries in the
ranking, placing its WEEE production per capita below the Latin
American average.
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Figure 1. Estimate of e-waste per person in Latin America (per kg). Source: [4].
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The growing concern for the care of the environment and sustainability
has led countries to establish different policies and regulations that
regulate the treatment of different types of waste. For WEEE, there have
been several policies in place globally. However, the application of these
isinsufficient, at least, in the case of Latin America, where there was a 10%
annual increase in waste production between 2017-2020 [1].

Even though Ecuador is a country that is located below the Latin
American average, the generation of WEEE is considerable (Figure 2), with
a growth of 14% between each year analyzed. However, despite the
existence of agreements with the importing companies of this type of
products, there is not enough reuse in the local production chains, only a
small percentage of these devices are used for the dismantling of these in
iron, copper, among others [25].
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Figure 2. Volume of e-waste generation in Ecuador from 2015 to 2020 (in thousands of metric tons). Source:

[26].
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In 2019, the set of large and medium-sized enterprises generated 0.50%
of special waste, particularly electrical and electronic equipment. Of the
companies in question, 875 know the amount generated. However, the
total of the companies in the sector under analysis report that they
generated 508 tons of waste.

In Table 1 below, two facts to consider are highlighted; on the one hand,
the number of companies between the years considered decreases by
-0.18%, while the generation of WEEE increases considerably (136%).

Table 1. Companies that generated special waste, by type of waste. 2016-2019.

2016 2019
Special waste Enterprises Tons Enterprises Tons
Recount Absolute Relative Recount Absolute Relative
Disused electrical
and electronic 1064 215 0.33% 875 508 0.50%

equipment

Source: [27].

The problem of e-waste production by companies is worrisome due to
the amount of waste generated, the presence of toxic materials and the
lack of adequate measures for its management and disposal. Increased
awareness and regulations are required to effectively address this issue.

Ecuador has developed a series of public policies and programs with
the purpose of creating a culture of recycling WEEE. In 2020 Ecuador
generated approximately 101,000 metric tons, representing an increase of
14.7% compared to what was produced in 2015, which made it rank eighth
[25].

Circular Economy in Ecuador: Regulations

Ecuador has been one of the Latin American countries that has actively
participated in legislative and regulatory initiatives for the promotion and
implementation of the Circular Economy (CE) to comply with the
Sustainable Development Goals in 2030. Thus, CE has become an
alternative to the linear model that has been lived in recent years. It
proposes the design of efficient products in the use of energy and raw
material, proposes the reduction of waste, and takes advantage of it, with
the purpose of reducing environmental impacts [27].

In this sense, it should be borne in mind that the CE proposes a new
paradigm by considering new modes of production from the origin, design,
to the creation of environmentally sustainable business models, without
neglecting the economic growth of society. In this regard, it should be
mentioned that the CE is not specifically about simple initiatives applied
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in each country, but about strategies duly planned and established in plans
that maintain a long-term vision with their respective initiatives, to
achieve the global objectives proposed by circularity [28].

In recent years, Ecuador has taken part in initiatives related to CE as a
sustainable development strategy, promoting actions and proposals from
both the public and private sectors, as well as educational institutions. In
this context, significant instruments have been developed for the
implementation of CE, for which proposals have emerged such as:

The National Pact for the Circular Economy was launched in 2019, after
it was signed by the Government and various productive, social, and
academic sectors. It proposes several aspects under which it is intended to
take advantage of and industrialize waste, promote eco-design, articulate
academic research and the development of technologies, promote cleaner
production, value sustainable and resilient infrastructure, raise
awareness among the population regarding environmental education,
promote sustainable businesses, finally develop indicators to know the
degree of implementation of CE [29].

White Book on Circular Economy in which the National Circular
Economy Strategy is defined through a conceptual framework and
guidelines to propose a public policy that serves as an incentive for
circular economy projects and allows the strengthening of various social,
artisanal, and small industry sectors in a way that promotes the
sustainability of resources in closed cycles of the production, commercial,
and consumer process [30]. This also reflected the opportunities and
barriers faced by the Ecuadorian reality. Similarly, it includes lines of
action based on four pillars (1) sustainable production, (2) responsible
consumption, (3) comprehensive waste management, (4) policy
mechanisms and financing for circular projects [30].

Particularly, we will focus on pillar 4 that refers to the Comprehensive
Management of Solid Waste (CMSW) in which mention is made of the
linear system of extraction, production, use, and disposal, since an
adequate use or management is not contemplated for its management
from start to finish of the product. Consequently, excess waste is generated
with a negative impact on the environment, society, and the economy [30].

It is important to mention that within this pillar reference is made to
aspects of interest for this research, such as: (1) harmonization and
implementation of legislation that favors circular strategies, (2) Promoting
zero waste models, (3) Innovation and involvement of multiple actors, (4)
Implementing Extended Responsibility of the Producer and Importer (RPI)
—complementary in Sustainable Production, (5) Promoting industrial
symbiosis—greater detail in Sustainable Production, (6) Encouraging
separation at source and differentiated collection of waste, (7) Improving
the capacity for characterization and monitoring of solid waste generation
quantitatively and qualitatively in each canton from the household sector,
and in accordance with its productive activities, (8) Involving grassroots
recyclers and environmental managers in the management model, (9)

] Sustain Res. 2024;6(3):240053. https://doi.org/10.20900/jsr20240053



https://doi.org/10.20900/jsr20240053

Journal of Sustainability Research 9 of 25

Diversifying financing mechanisms to ensure the sustainability of CMSW
[30].

A Technical Standard based on Circular Economy was created with the
aim of promoting and guaranteeing consumption and sustainable
production, as well as certifying CE projects in companies that are
applying it, promoting waste management and consumption habits of
sustainable products. Likewise, a specific standard is required for circular
products and that the certification of this standard is coordinated by the
Ecuadorian Accreditation Service (EAS) and the Ecuadorian
Standardization Service (INEN), to guarantee comprehensiveness of the
certification scheme and establish the right to the guarantee of repair in
the legally established times according to the types of products [31].

Organic Law of Inclusive Circular Economy was approved in 2021
whose objective is to establish principles and mechanisms for the CE, as
well as to indicate the attributions and responsibilities of the public and
private sector, in addition to the fact that it aims to prevent and reduce the
generation of waste. Finally, the use, reuse and recycling are promoted
[32].

The above contributions constitute an important effort to promote
sustainable production in the country, even though Ecuador has simply
seen recycling practices and minimal changes in current business models
and its value chain, which could end in an unfulfilled promise and only
good intentions within sustainable development [33].

In the context of the circular economy, the value chain is reimagined as
a circular value chain, in which waste is minimized, resources are reused
or recycled, and value is created at every stage. This requires a systemic
approach that considers the entire life cycle of a product, from the design
and production stages to the end-of-life stage and promotes the circular
use of resources. In this sense, in the following section we review the
literature on the organisational phases of the value chain to ensure the
correct management of resources throughout their life cycle, focusing
specifically on the WEEE sector.

Resource Management (Value Chain)

Considering that CE is a set of approaches that allows to create, deliver
products, components and materials of utility for customers and society,
through the effective and efficient use of environmental, economic and
product resources so that closed circuits are generated for the optimal flow
of related resources [34]. The above comes in line with the purpose of
reducing the use of virgin resources; therefore, as resources become
scarce and production costs become higher, closed circuits become more
important [35,36]. In this context, the application of the fundamental
principle of waste management is identified by avoiding the generation of
waste, through the application of prevention processes, which seek
primarily to promote reduce, reuse, and recycle. It then rises a culture of
recycling materials efficiently that benefits and is safer for the ecosystem,
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in addition to allowing the reuse/remanufacturing of products in good
condition, once they are considered possible waste [37,38] until their final
disposal.

That is why it is important that resources are managed efficiently since
they generate social and economic benefits that arise from activities in
collaboration with key actors (industrial sector, commercial,
manufacturers, environmental waste managers, the State, municipalities,
public and private institutions), and interaction with external partners
and other actors (business associations, associations, society, and
academia) that do not belong to the value chain.

The waste management value chain involves a series of stages such as
selective separation of this waste from the point of origin and its
corresponding storage, collection, and transport to the processing
destination, and, finally, the transformation stage of WEEE, in which an
assessment of its possible reuse is made [39,40]. In this regard, the value
chain of WEEE has similarities to the treatment of other types of waste, the
characteristics of this at the time of managing show a certain degree of
danger due to the components from which they are made [41].

By adopting a circular economy and circular value chain approach,
businesses can reduce costs, enhance resource efficiency, and create new
business opportunities. It also helps to reduce the environmental impact
of production and consumption and contribute to a more sustainable and
equitable future.

General guidelines for WEEE management

Collection and storage

This is one of the most important stages of management, given that the
efficiency of a collection system lies in the scenarios from which WEEE is
obtained, and, if these are accessible to the generator and the feasibility of
channeling the information. As for the collection points, also known as
green points, they can be determined by manufacturers or importers [42].
In this sense, the places must consider the fulfillment of prerequisites that
they must meet according to [43], such as: the facilities must have a roof
that protects them from the environment, the containers will have wooden
structures so that they facilitate their mobilization, in addition to the
established signage.

In the same way, it should be noted that within this stage WEEE cannot
experience any type of manipulation, it is only a classification according
to the types of equipment; and, in turn, generate an inventory and
documentation of the process that was carried out in the storage.

Transport and logistics

At this stage, WEEE is moved from the facilities of the collection center
where the waste is stored. In this regard, the transport must meet certain
basic conditions [44]:
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e Unauthorized personnel are not allowed access.
¢ Suitable to avoid contact with the weather.

e Application of proper loading of waste.

e Proper packaging.

e Comply with maximum capacity levels, and

e Separate waste that may generate spills.

Sorting and disassembly

In the classification and disassembly stage, WEEE is in the treatment
plants that are part of the specialized recycling centers, which have
adequate technology and highly trained personnel in the handling of this
type of waste. Within this process, the waste is registered, weighed, and
classified according to the group that corresponds, after this, they are
correctly evaluated to go to disassembly. Regarding the latter, specialists
consider the possibility that WEEE can be repaired or reused in other
processes [45].

Equipment recovery and reuse

In this stage, WEEE are repaired from small failures or breakdowns for
subsequent reuse, or for the assembly of new products. At this point,
activities similar to those of a technical service are carried out, the
equipment is repaired and adapted for sale in most cases, and, in others,
it is donated [46,47].

Processing and material recovery

Valuable materials present in WEEE, such as precious metals (gold,
silver, platinum), non-ferrous metals (copper, aluminum), and plastics, are
recovered. Each material requires a different treatment. The recovered
materials from the previous stages undergo processing to be recycled and
reintroduced into the production chain [47,48].

Final disposal

Non-recyclable or non-recoverable waste, as well as by-products from
treatment and recycling, are disposed of properly. This may involve
sending waste to controlled landfills, treating it as hazardous waste, or
using it in sanitary landfill projects [49].

MATERIALS AND METHODS

The data used for this research is collected from the Decentralized
Autonomous Government (DAG) of Ambato in Ecuador. The selected DAG
is considered by a list of criteria such as: its ability to venture into activities
related to circular economy, its initiative towards reducing environmental
impact, and its availability to be part of the study. In addition, it is a
representative canton at the country level for its relevance to the economic
and commercial activities it carries out.

] Sustain Res. 2024;6(3):240053. https://doi.org/10.20900/jsr20240053



https://doi.org/10.20900/jsr20240053

Journal of Sustainability Research

12 of 25

This research is based on an exhaustive review of the existing literature
and the regulations created for the Circular Economy and WEEE in
Ecuador, limiting the search to the years 2019 to 2021, since these are the
years in which greater attention is paid to CE. The work is exploratory in
nature and constitutes a starting point for the analysis of the electrical and
electronic equipment waste sector in the canton. The information
obtained (Figure 3) is qualitative through observation, field visits, and
interviews with the actors involved.

In this research, after three contact attempts, 5 people related to
environmental and waste management, including officials, department
heads and recyclers, agreed to participate. It is worth mentioning that
although the number of people could constitute a limitation to this
research, the people interviewed are key actors within their functions
carried out in both the public and private sectors of Ambato. Likewise, it
must be taken into account that the information provided by the
interviewees is sufficient due to the scope of this research, which analyzes
arelatively small city geographically and in terms of population. The visits
for the interviews were carried out in person, opting for an open interview,
allowing freedom of response, and other documents with information
were delivered digitally. Regarding the interview, we worked under a
script of topics related to the existing regulations and regulatory
framework, information on the management and processing of WEEE and
statistical data of the sector.

From the interviews and the documentation provided, some data of
interest emerged. In this case, a guide of activities carried out empirically
was maintained, such as: (a) Establish the study area and geographical
limits, (b) Identify electrical and electronic waste and establish its value
chain, (c) Estimate the generation of electronic waste and define the
obsolescence or useful life of the waste through primary and secondary
sources of information, (d) Project the results obtained from previous
inventories, towards a local level using existing information. From this
guide, data related to the WEEE collected and the management waste was
obtained and presented as results.

Likewise, the information was classified, which resulted in two aspects
of relevance to the research. On the one hand, the current WEEE
processing chain is short and not well-defined, therefore a value chain
proposal aligned with the parameters of the CE is proposed. Moreover,
strengths and weaknesses in environmental and waste management are
identified, so a SWOT analysis is carried out for the case study.
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March 2023

Activities

Research
Techniques

Resources

Literature review

context analysis

Bibliographic research

Observation technique

Academic-scientific documents

Public workers

July 2023

Information request

Field research

Interviews

Physical and electronic
communications

Departmental leaders

September 2023

Information processing

Treatment and analysis of
information

Public officials, managers,
recyclers

Statistical processor

October - December 2023

Review of secondary
information

January - February 2024

Documentary research

Bibliographic and content files

Practical implications for the
case study

Descriptive research with
qualitative approach

Structured documents
Digital tools

Figure 3. Case study research methodology. Source: developed by researchers.

It is worth mentioning that there are no studies related, or similar, to
the sector selected for analysis from the perspective of the Circular
Economy.

RESULTS

In this section, the overall characterization of WEEE generation and
management in Ambato is explained.

In the canton of study, it is estimated that there are around 251,751
people, considered as Economically Active Population (EAP) [27]. This city
has a garbage collection service that oversees the Public Company of
Comprehensive Management of Solid Waste of Ambato EPM-GIDSA. In
2015, the need arose to manage waste correctly, since problems were
detected in garbage containers, because all kinds of waste, from organic
waste to construction materials, were deposited.

Faced with this situation, and pollution problems due to poor
management of waste, it was decided that, in 2017 a WEEE collection plan
would be implemented by the Environmental Management Directorate.

Currently “electrical and electronic waste is deposited in special
containers and in most cases is disposed of in common garbage dumps;
therefore, they are manipulated by people in the informal sector”
mentioned by director of environmental management of the municipality
of Ambato. Similarly, there is a lack of awareness in the population
regarding the handling and storage of electronic waste, since they do not
recycle it properly, but rather store it inappropriately until it is disposed
of. In this sense, according to the data provided by those interviewed, “less
than 10% is collected and recycled properly, 40% of waste remains stored
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in homes or in warehouses, and 50% of WEEE is sent for final disposal”
mentioned by director of a WEEE management company.

Additionally, it is important to indicate that the recycling capacity is
very low in the city, to which the lack of qualified labor for recycling and
the limited technology and infrastructure for the treatment of this waste
are added.

The municipality in question “applies Ministerial Agreement No.
MAATE-2022-067 issued by the Ministry of the Environment, Water and
Ecological Transition (Ministerio del Ambiente, Agua y Transicion
Ecolégica—MAATE), in which the Instructions for the Application of
Extended Responsibility in Comprehensive Management of Electrical and
Electronic Equipment Waste of Domestic Origin were issued. Likewise,
Ministerial Agreement 142 of National Lists of Hazardous Chemical
Substances, Hazardous and Special Waste, Ordinance for Integral
Management of Solid Waste of the Ambato Canton, is executed” mentioned
by expert in environmental law.

Companies that sell EEE products generally offer guarantees of repair
or delivery of a new product in case the product is damaged. However,
interviewees indicate that it is important to understand that there is no
culture of second-hand markets. Nevertheless, “there are small craft
workshops that offer repair and maintenance services of products that do
not have a guarantee of commercial establishment” stated by the director
of a WEEE management company.

Among the limitations found in this study lie the lack of updated and
standardized statistical information, so it has been chosen to take the data
extracted from the interviews and project them under a logarithmic
estimate that is used when the phenomenon under study has a behavior
that can be considered potential or logarithmic.

Below is the data provided by the Municipality of Ambato [50], for this
research.

y = 6165.4In(x) + 861.54
R? =0.7681

2023 2024 2025 2026 2027 2028 2029 2030

Figure 4. Amount of waste managed 2017-2021. Future estimation of e-waste 2022-2030. Source: [50].
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The data presented in Figure 3 represent the amount in kilograms of
waste managed by the company in charge, in this regard, the information
reveals a somewhat worrying situation, given that the records per year of
analysis are not representative in relation to an increasing number of
types of waste. As shown in Figure 4, which presents a projection of units
collected by classification groups obtained through the application of an
empirical guide for waste management, WEEE (temperature exchange
devices, monitors, lamps, large appliances, small and computer, and
telecommunications appliances) reflect a prolonged growth in the period
of analysis considered, with the most representative being waste from
computer and telecommunications. In this sense, the situation shows the
existing reality, in the city and the country: these types of artifacts are the
ones with the highest consumption and waste due to their useful life or
introduction of new technologies, and, which in turn come in greater
quantities from homes.

120
100
80
B0
40
) | ‘ | |
0
2022 2023 2024 2025 2026 2027 2028 2029
mTemperature exchange devices Monitors, screens, and devices with surface of 100 em?
HLamps M Large appliances
mSmall appliances m Smiall com puting and telecom munications appliances

Figure 5. Units collected according to the classification of the European WEEE Directive 2012/19/EU for 2021.
Future estimation of e-waste 2022-2030. Source: [50].

Likewise, in the temporal range of analysis (Figure 5), three aspects
stand out: in 2020, there was a notable decrease that practically equaled
that of the beginning year, which could be given by the effects of the
pandemic. Secondly, between 2020 and 2021 the number of kilos increased
significantly; and, finally, the projection shows that for the following years
(2022-2030) although there is a decrease for 2022, the growth to the
following years rises incrementally.
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7 Collection
points

As it is a projection, the data may vary in the coming years depending
on the social responsibility of companies in relation to compliance with
the laws and regulations established to comply with circularity.

Considering the results presented, the analysis of the projected data, it
is revealed that, given the current conditions of WEEE management and
the uncertain panorama of information management, it could be pertinent
to examine the current waste management value chain in Ambato in order
to make a proposal that is somehow more functional and that helps to
overcome certain limitations.

The current e-waste value chain is structured in 4 stages (Figure 6):
collection, transport, temporary storage and delivery to the certified
environmental manager, a process that is carried out by companies that
have special permits for the treatment of this waste. However, there are
non-formal companies that are dedicated to the empirical recycling
treatment of WEEE putting health and the environment at risk.

E- Waste value chain

Environmental Manager

Transport — > Storage — >
Delivery

Figure 6. E-waste value chain (current process). Source: data collected from field research.

As explained in the methodological section, the information obtained
made it possible to make visible some strengths and weaknesses of WEEE
management in the case study. From the qualitative data collected, a
SWOT analysis was carried out that allowed to extract and group
highlights of WEEE management, characteristics of the study context and
problems with regulations and policy instruments. Despite the limited
access to information, there are certain patterns to consider that are
presented below (Figure 7).
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STRENGTHS

- Electrical and electronic waste management program (collection,
transportation and storage)

- There are fixed collection points (7)

- Cooperation agreement with the manager autherized by the MAATE for
WEEE management

- Communication and citizen awareness strategies

OPPORTUNITIES

- Regulations and instructions and agreements issued by the MAATE at the
national level

- Municipal ordi; e for waste
- Organic law of circular and inclusive economy

- Second-hand repair and sales businesses can help to extend the useful life

WEAKNESSES

- Outdated and scarce information collected on electrical and electronic
waste

- There is no precise classification by category of electrical and electronic
waste.

- There is no record of formal recyclers and even less of informal recyclers.

- There is no statistical record of companies that carry out
repair/remanufacturing of WEEE

- Disarticulation with the productive system and the academy

THREATS

- Informal recyding framed in the socio-economic and environmental context
- Absence of more appropriate regulations to promote the management of
waste

- Problems of the social, political and general economic situation in the
country

of WEEE

Figure 7. SWOT analysis. Source: developed by researchers.

In this sense, the strengths found are reflected in WEEE management
programs, inter-institutional cooperation agreements, existence of
collection points, and communication and awareness strategies for
citizens. Although they are presented as strengths, they are still incipient
activities that are not sufficient in the face of the number of weaknesses
such as the scarce and outdated information on the collection and
classification of WEEE and on the companies that are dedicated to repair
and maintenance of WEEE. Without a doubt, what draws the most
attention is the disarticulation with the productive system and the
academy, which leads to a lack of information internally for adequate and
timely decision-making in the face of an effective transition towards
circularity.

Faced with the external factors analyzed, it is noted that the
opportunities through regulations, ordinances and laws issued at the
national and local level, which are captured on paper, can constitute an
advantage to promote awareness and execution of activities aimed at the
insertion of CE in society. However, the threats from the environment
contrast with the above, since these are related to the existence of informal
recycling that is part of the culture, adding to these problems of the social,
political, and economic situation of the country, which could be putting at
risk the virtuous effects of circularity.

DISCUSSION

In this exploratory study, the main observations were presented in the
previous section and the limitations of the e-waste value chain in Ambato
have become evident. However, the existence of a favourable regulatory-
legal framework and the examination of the situation, together with the
literature reviewed, allow us to propose an improvement of the chain in
order to increase its circularity.

In the following, we propose the construction of a circular value chain,
based on the discussion of the advantageous conditions and gaps
identified in the results section.
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Once the existing value chain in the geographical area of study has been
shown a proposal is planned that leads to the proper management of
WEEE framed in the principles of the Circular Economy. We now proceed
to show these ideas (Figure 8).

E- waste value chain for circular economy

E- waste
generation

Costumers

Collection and
storage

Business

Schools

Collection
campaings

Hospitals

7 collection
points

Public
Organizations

Private

Organizations

E- waste E- waste
processing management
Repair and
E— Transport R Classification ———p R TRIaTE —_ > Reuse External service
Vehicles 7N
N According Supplier's e . Final
adapted for Tothe e antes S>—no-p ina
requeriments disposa
European /—
Parliament ~ !
Typology 1 ‘ |
sl A 4
v ‘ After repair
and
Second treatment,
Repairs hand reuse or final
producto sale disposal is
determined.
A 4

Useful
materials
extraction

v
Recycling

Figure 8. E-waste value chain (Towards circularity). Source: developed by researchers.

The proposal is structured in three stages: In stage 1, the case study
analysis shows that there are sources of generation of e-waste (productive
sectors and households). Therefore, to improve the circularity, it would be
recommendable those that sources become aware of the waste they
generate and develop annual plans for the repair, maintenance, and
disposal of EEE.

In stage 2, the Ambato case shows some strengths, such as collection
and storage, transport, and classification. Moreover, there is also room for
improvement. Thus, it would be adequate to consider aspects related to
the design of collection campaigns, acquisition of appropriate vehicles for
transportation, and training of public officials for the proper classification
of WEEE.

In stage 3, the actual management of WEEE has been considered
through repair and treatment that allows parts and components to be
extracted from the equipment or, in turn, recycled. It is noteworthy that
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this stage includes reuse through the sale of second-hand products, and
finally the final disposal is included once the equipment has finished its
useful life.

The proposed changes for this new structure, in relation to the previous
one, arise in line with a more holistic vision of the WEEE management
process in the face of the circular transition, through a mapping of the
implications, participation and collaboration of stakeholders and not only
from the presentation of a series of reduced and limited processes that
leave aside aspects of relevance related to compliance of the Sustainable
Development Goals.

CONCLUSIONS

In this paper we have addressed the analysis of the e-waste
management value chain in Ambato (Ecuador) from a circular economy
perspective. The results obtained through interviews, secondary data and
literature review have allowed the identification of some strengths and
weaknesses of the value chain. Building upon the case study, we have
suggested the configuration of a circular e-waste management value chain,
which could bring benefits for the whole city, starting with avoidance of
waste and health risks associated to it, and going through new economic
opportunities linked to new activities and employments, to benefits for
consumers of electric and electronic products. In this section, we will set a
few recommendations aimed at policy makers and business managers.

The results presented allow us to advance in some reflections on the
strategic axes of action, as well as the formulation of new challenges. As
revealed in the results, the actions to stimulate the adequate management
of WEEE through the CE must combine actions in different institutional
settings, both formal and informal, such as the approach of an appropriate
methodology that goes from the collection and management of WEEE to
the measurement and dissemination of related information; the design of
specific support programs by the local government for the adequate
application of regulations aimed at the implementation and promotion of
CE; as well as generating awareness-raising spaces for different interest
groups (citizens, recyclers, waste collectors, producers, marketers) about
the circular economy and the problem of environmentally sound
management of electronic waste in society. In this sense, this study
proposes a holistic approach to the treatment of this waste considering the
areas of greatest implication and that can contribute to a solution,
maximizing WEEE flow volumes.

However, the existing legislation in Ecuador is still insufficient to
provide adequate treatment to WEEE, which is why a review and
rethinking of the current environmental needs is required through
changes in current regulations, or proposal of new laws in relation to the
needs and opportunities that the CE can awaken for the economic sectors
in particular, and citizens, in general. Likewise, it is necessary for the
country to maintain a regulatory body that manages, regularizes and,
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above all, complies with the processes for the treatment of this waste
through a sustainable management model that allows obtaining updated
and freely accessible information for researchers and policy makers.

On the other hand, a strong disarticulation of the academy, the business
sector and the government are perceived, which is reflected in the few or
no actions to promote an adequate transition towards the circularity of the
sectors. According to the projections and trends observed, this situation
could be opposing the virtuous effects that CE has on the economy, the
environment and society. However, new challenges arise that suggest
reinforcing aspects that are not being sufficiently considered, such as
those related to informal recycling and the underground economy that is
generated. It is clear that if joint strategic action is not proposed between
the levels of government and the actors involved in the sector, it will be
difficult to visualize and achieve favorable effects.

Among some of the recommendations that could be adopted by policy
makers to promote the adoption of circular practices, is the adaptation of
regulations according to the conditions of the Ecuadorian context. In
addition, the improvement of WEEE management must be promoted, with
an investment program of public funds for the installation of adequate
infrastructure for the collection, classification and recovery of materials
or for final disposal; as well as the creation of a digital database, both
number of collectors/companies and the quantity of WEEE according to its
category. Additionally, it is recommended to carry out recycling planning
and projections for both public and private companies to maintain
environmental awareness. Finally, it is important to mention that a change
in tax regulations by reducing or lowering taxes for companies due to
reduction, reuse and recycling could work as an interesting stimulus.

Regarding recommendations for companies dedicated to the repair and
maintenance of EEE, alliances can be generated with higher education
institutions to improve their skills and enhance their capabilities; develop
marketing strategies aimed at consumer behavior regarding the use,
repair and maintenance of EEE, in addition to providing repair guarantees
and offering the option to repurchase equipment in good condition.

Finally, it should be noted that this study has not been without
limitations. In fact, the number of people interviewed is small and could
be expanded. However, these are key actors in the roles they play both in
the public and private sectors in Ambato. Additionally, since it is a
relatively small city in terms of geography and population, the
interviewees provided key information, as there are not many agents
involved in the sector’s activities.
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