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Abstract: Electronic waste (e-waste) has become an increasingly pressing problem worldwide because
of the increase in the volume of waste, without a corresponding increase in the recycling rate. E-waste
recycling models show a low percentage of reuse, at around 17.4% in the world, 11% in Latin America,
and 3% in São Paulo City, Brazil. The sources of conflicts relating to e-waste recycling networks are
diverse, including asymmetries of objectives, knowledge, ethical values, and culture of sustainability,
which indicates the need for a system of regulatory mechanisms. The article’s main proposition
is that constructed governance, which is a collective process involving many actors, could be an
alternative to e-waste recycling management. The city of São Paulo was chosen to be analyzed. Using
an abductive methodology, the data analysis shows a fragmented network, with conflicts of interest
among commercial and sustainability objectives, an absence of legal knowledge, and increases in the
incorrect disposal of waste. However, initiatives in small groups in Brazil, which can be considered
as examples of constructed governance, show a better volume of waste and the transportation of
waste material to the right destination. The authors argue that constructed governance could be
an efficient tool for e-waste recycling management systems. Besides, the article offers a matrix of
indicators that can be used by both researchers and recycling managers.

Keywords: e-waste; recycling; sustainability; constructed governance; networks; asymmetry

1. Introduction

Electronic waste (e-waste) is a growing global problem because of the increase in the
volume of waste without a corresponding increase in the recycling rate. The rate of the
formal recycling of electronics globally is 17.4% and only 0.7% in South America [1]. The
industry continually calls for product renewal because of rapid technological development
with ever shorter life cycles, thus worsening the problem [1].

This increase is observed in the United Nations monitoring report on e-waste [1]. In
2019, the world produced 53.6 mt or approximately 7.3 kg of e-waste per capita [1]. Asia
produced 24.9 mt, Americas 13.1 mt, Europe 12 mt, Africa 2.9 mt, and Oceania 0.7 mt. The
forecast for 2030 is 74.7 mt or an average of 9 kg per capita. In 2014, the value per capita was
6.4 kg. The rapid technological advance can explain the increase in electronics production,
the appeal to consumption for new products, the programmed obsolescence [2], or the few
expensive repair options.

On the other hand, the capacity of recycling is not keeping up with the growing total
e-waste generated. Table 1 presents the 2020 data related to the percentage of recycled
electronic material by continent and its average consumption per capita.
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Table 1. Percentage of e-waste recycled and consumption by continent.

Region % E-Waste Recycled Kg Per Capita

Europe 42.5 16.2

Asia 11.7 11.7

America 9.4 13.3

Oceania 8.8 16.1

Africa 0.9 2.5
Source: Forti et al. [1] (p. 14).

North America recycles 15%, Central America 3%, and South America 0.7%, the lowest
index among all major regions [1]. Brazil is the second-largest generator of electronic waste
in the Americas, behind the United States [3], with 2.14 mt [1]. Globally, in 2019, electronic
products in the computer category totaled about of 420 million digital devices, one cell
phone per inhabitant, 230 million smartphones in use, and 180 million computers [1].

The problem may be more significant because it is challenging to obtain reliable global
data on the real situation of electronic waste recycling, partly because of the informal chain,
the irregular disposal in landfills and dumps, or the lack of public interest in collecting
statistics on the theme. For example, it is estimated that Brazil generates around 2.14 million
tons of waste annually, compared to 465 thousand tons in Argentina and 318 thousand
tons in Colombia. Still, there is no clear information on the volume represented by e-waste
and its destination [4].

Unsustainable, even illegal, waste electrical and electronic equipment (WEEE) recy-
cling practices are presented both in Europe and the rest of the world; however, Latin
America and the Caribbean countries get the worst indicators due to insufficient or inad-
equate legislation [5]. Older estimates indicate that in 2007 around 6000 and 9000 tons
of electronic waste were discarded in Colombia, and around 7000 tons in Chile, while
Argentina generated over 20,000 tons [6]. A key reason for the poor e-waste data is the lack
of clear legislation [2] and the lack of precise mechanisms for assessing the total e-waste
generation [7]. Some experts affirm that the WEEE management in Latin America may be
improved by fostering partnerships with local industries, universities, and governmental
agencies to increase technical assistance, advising services, and capacity building [8–10].
Within this framework, it is possible to enhance a circular economy on electronic products
by recycling, recovering, and reusing them as secondary raw materials [11].

The public policy models applied to e-waste recycling are not working, even con-
sidering countries and regions with high recycling rates, as in East Asia (Japan, China,
and Korea) with 20%, or Northern Europe (United Kingdom, Sweden, and Norway) with
59% [1].

This context raises questions about which factors of success are preponderant: if there
is a predominant factor, or the success depends on conjugated variables; if it is a cultural,
educational, or consciousness-related issue; if industrial production needs to be controlled;
or if central governance must be established. These questions have been pointed out in the
literature [12,13], but there is no agreement about a better model.

Research comparing the situations in Switzerland and India [14] shows that it is
possible to obtain results by inputting industry and importer manufacturer responsibility
into the circular economy sustainability program. India is trying to imitate the Switzerland
model, but it is difficult to control its industry because of its informal chain. Ryen, Gastaud
and Babitt [15] affirm a mismatch between the rapidly changing market and the slowly
evolving public policies and strategies. The authors propose natural ecosystems applied to
a circular process, driving public policies, but no empirical research has been conducted in
this direction.

An article on the global e-waste chain [16] shows that countries like China, India, and
Pakistan are the ones that receive the most e-waste from developed countries.
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In Latin America, difficulties have been reported in the execution of solid waste plans.
First, only 30% of Latin American countries have legislation on solid waste, including
electronic waste [17]. The second problem is that there are no formal and valid records on
the generated waste, the collected and recycled waste [18,19].

The third problem is the absence of an integrated reverse logistics system, with the
collection, distribution, disassembly, and replacement of products on the market [17].
Countries seeking the most effective solution are Colombia, Brazil, and Peru [1]. A fourth
problem is the behavior of the residential consumer, who seeks ease of disposal, and the
industrial consumer, who seeks profit. These actions feed the informal e-waste chain,
offering withdrawal facilities and a competitive price.

According to data [1,17], 50% of household collection in Latin American is informal,
15% is public, 2% is formal, and 33% is reused. For industrial consumers, 19% is informal,
14% is public, 5% is formal, and 38% is reused.

Estimates indicate that annual losses from legal and formal nonuse of e-waste in Brazil
are in the order of USD 13 billion annually [17]. In addition to this financial aspect, waste
without proper destination causes damage to public health [16] due to soil contamination
and water contamination in rivers and reservoirs. The government’s cost to attack the prob-
lem is about USD 102.5 per ton to all waste [17], but, until now, the Brazilian government
has not had a specific plan for e-waste recycling program.

Other researches value the social implication of recycling in general [20,21], proposing
programs to develop cooperatives and local associations. These Brazilian articles discuss
the problem of pickers and homelessness in towns and how legal documents, like the Solid
Waste Program 2010 to call organizations to include these people. Studies, however, have
shown that the informal market is the usual way to initiate this inclusion process. The
propositions and the reality allow for a systemic vision of the e-waste task. Academic and
management researchers have created models based on circular economy [22], or focused
on consumers [23], supply chain improvement [24], or technology [25]. All the propositions
are closed to the idea of reverse logistics, which, in e-waste field, pass by pickers, informal
collectors, local arrangements, trying to join the legal, the ethical, the social, the economic
and the sustainable objectives.

The challenge became more complicated because electronic waste is a big business,
attracting all kinds of enterprise and business models, which are not always concerned
with sustainability issues. It is estimated that USD 10 billion dollars were collected only by
recycling the 17.4% of e-waste legally collected in the world in 2019 [1]. It should be noted
that the remaining 82.6% of electronic waste generated had an uncertain destination, part
of which is due to the informal chain existence in this environment [1]. The numbers show
that the power of a profit orientation in the e-waste recycling cause low environmental
gains and could be dangerous for people since electronic products contain numerous heavy
metals [2].

There is a group of authors maintaining that network governance is a thoughtful way
to solve the problem, and their works present a variety of models and arguments: about
the legitimacy of governance [26], or social participation and relational governance [27,28],
or systemic view to building governance [29]. The central question seems to be who
participated, how, and who decided.

An approach that has shown positive results from empirical data is based on collabora-
tive governance [30–32]. The concept assumes that actors of all segments, like government,
civil society, industry, and the third sector need to join to do the task. However, literature
on collaborative governance [33–37] is not clear about the process of this collective action,
i.e., how to begin, to develop, and to decide on the mechanisms, and implement them. This
study seeks to fill this gap in the literature.

The next section presents the theoretical assumptions and their connection with the
research problem.
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2. Theoretical Assumptions and the Research Problem

Section 1 offers a picture of e-waste recycling characteristics, asymmetry issues, and a
variety of approaches to managing and solving the problem. According to the authors, the e-
waste recycling inefficiency can be explained by the many conflicts among the organizations
associated with e-waste recycling. The most discussed conflicts are based on the objectives
of sustainability, the quality of processes in the treatment of the material, or knowledge of
the reverse chain [38–41].

According to Weerasundara et al. [42], the problem lies in constructing specific public
policies on e-waste. Electronic waste is usually placed within the general solid waste plan,
which involves various products. However, e-waste has physical and chemical composition
characteristics that require a specific plan for collection, storage, separation, and forwarding
in a circular chain.

From the sociotechnical perspective, the authors claim that the informal chain is
a problem because it works with market practices, with little concern for the quality
of sustainable processes. Considering Latin America, there are informal chains for the
collection, separation, and sale of materials that do not follow the legislation [43].

Similarly, the e-waste recycling situation has been explained in terms of the conflict be-
tween commercial and sustainable interests. Even among those who follow the legislation,
entrepreneurs who originate or obtain e-waste can be seduced by price offers, leaving aside
some care for the environment, such as requiring adequate treatment of the material by the
acquiring company. Small companies make agreements with a local partnership, driven
by friendship more than by technical requirements [39]. This point is important because
governance depends on relationships, but not on favoring friends [41], and social capital
influences governance practices [44]. These points are related to e-waste management,
which is a problem in Latin America [9,45].

According to these authors, the system does not work because there is no integrated
view. This means that there is no process that begins in the product industry and involves
the collection, separation, reuse, and appropriate disposal of unused material. In other
words, the e-waste recycling task seems to demand a network perspective. This problem
appears to be associated with a lack of commitment from actors [2].

Table 2 shows the characteristics of e-waste recycling that indicate the network format.
The categories were selected from Giglio, Ryngelblum, and Jabbour [46], and the informa-
tion was collected from secondary sources, especially cited reports and technical interviews
with consultants of nongovernmental organizations (NGOs), like Abrelpe, United Nations
University, and Think Circle.

Table 2. The characteristics of e-waste recycling that indicate the network format.

Network Format Signals

Variable Characteristic of e-waste recycling

Task Complexity
Collect and separate electronic components require technical training,

knowledge about environmental legislation, government incentives, and
sustainable management modes.

Interdependence

The recyclable chain is circular. Each actor depends on the other, from the
beginning, when the e-waste is generated and must be correctly disposed to
obtain sustainable and economic results; until the end, in the destination of

reusable and non-reusable material.

Necessary Exchanges
Suppliers and buyers need to exchange information about collective services

(such as collection logistics), about usable technologies (such as trackers),
about changes in practices and laws of the sector.

Presence of problems and group objectives

The expected collective goal is the correct destination for e-waste. The common
problem/challenge is to follow the rules in the chain since the network is

extensive and without the possibility of control. Then, secondary problems
arise, such as opportunistic behavior and price negotiations.
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Table 2. Cont.

Network Format Signals

Presence of asymmetries and the necessity to
solve possible conflicts

There are asymmetries of interests and ethical values, with actors who act
through a profit logic. Legal and enforcement issues may not be met. There

may be more powerful actors, such as large supplier organizations, or buyers,
who seek to impose market logic. There are asymmetries of technical

capacities, causing points of resistance and inefficiency in the chain. These
common problems require governance.

Governance Presence
There is formal governance, mainly through solid waste plans, existing in

practically all countries, from which the network is formally organized. There
is also an informal market practice, with the complexity of monitoring the task.

Sourcing: Authors, adapted from Giglio, Ryngelblum, Jabbour [46].

Authors who have investigated e-waste recycling networks in urban cities confirm
the existence of the problems pointed out in the previous paragraphs, such as the lack
of a specific public policy, the dominance of informal chains, the opposition between the
market logic and sustainability logic, and the absence of control mechanisms and collective
action standards [47,48].

Our interpretation is that the problems above refer to a lack of collectively constructed
governance, that is, mechanisms associated with how to deal with e-waste that have
been produced collectively by the actors. It seems clear that formal governance and legal
governance are not enough to attain desirable results.

The idea of constructed governance, as a social process in public service networks, is ac-
cepted among public agents. Since e-waste recycling is complex, with several agents, there
are conflicts of a diverse nature, including disputes relating to the objectives, knowledge,
ethical values, and culture of sustainability, thus indicating the need for a decision process
that involves all the actors. The actors need to make decisions collectively concerning
actions, functions, powers, and hierarchies [49].

This process is the focus of the present research: to describe the problems and conflicts
inside the e-waste recycling network and use constructed governance as a thoughtful
way to solve them. The central assumption is that if individuals join to adjust collective
action mechanisms, the collective objective assumes the first place in their priorities. This
principle is present in the area of Group Dynamics [50–52].

The problems are more evident in urban cities, and authors refer to a certain repetition
of the operating structure around the world, especially in Latin America [2]. For this reason,
the city of São Paulo was selected as an exemplary case, because it is the largest producer
of e-waste in Latin America and previous data on secondary sources, which indicate the
presence of the problems pointed out in the earlier paragraphs.

The initial data, collected in reports from government agents and presidents of re-
cyclable material cooperatives, indicate that a business logic prevails in the city of São
Paulo, with competition strategies inside a fragmented informal chain. A chain that follows
sustainability principles also exists, but with a reduced capacity for recycling materials of
around 3%, compared to the informal chain.

With these business logic and chain characteristics, constructed governance becomes
difficult or even impossible. The factors listed in the academic literature that favors the
emergence of collaborative governance can be summarized as follows:

(a) a relationship environment based on trust and commitment [53,54];
(b) the acceptance of collective objective as more important than individual objectives

(for example, correct and sustainable destination of electronic waste, even in the face
of opportunities to earn more by following another path) [55];

(c) awareness and acceptance to work together [56];
(d) collective efforts to continually adjust governance, according to changes in the envi-

ronment (such as laws or technologies) and the network (such as the inclusion and
exclusion of organizations) [57,58].
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The guiding proposition is that the constructed governance made by the actors them-
selves, which are directly involved with the task, is a solution path for improving e-waste
recycling efficiency. São Paulo already has a detailed solid waste plan, created by the
government, but there seems to be a gap between the plan and the daily practice of dealing
with e-waste.

The proposition assumes the following statements, which together form the theoretical
foundation of this study.

(a) The e-waste recycling cases show that it is a complex task, because specific knowledge
is involved, creating interdependence between actors, which is characteristic of a
network phenomenon.

(b) Because of the intense asymmetry among actors, the social network approach can
highlight the behavior of the actors and the collective actions. The aim of this approach
is to make the actions, decisions, and modes associated with carrying out the task
depend on the relationship matrix. Trust, commitment, cooperation, and power are
central to the matrix approach.

(c) The examples of constructed governance show that this equation, associating rela-
tionship and operations, seems to work better in small groups.

(d) While the authors value the capacity to join actors, as the aim of collaborative gover-
nance, we assume a lack of knowledge in the dynamic group process that allows the
group to create mechanisms of governance and make decisions.

After discussing the starting points, the next step is to analyze the e-waste recycling
data in São Paulo, support (or not support) the basic assertions, and point out the model’s
components that emerge from the data. This methodology path, known as an abductive
methodology, consists of merging the initial data with a proposal, conducting research,
aggregating elements in the proposal, and reaching the end with a more robust model
based on empirical evidence [59,60].

3. Materials and Methods

The first step was to organize the data on the characteristics of e-waste recycling in
the world. We used the following schedule: (a) understand the e-waste recycling network
characteristics; (b) recognize these characteristics in Brazil; and (c) focus the analyses on
São Paulo City. The methodology is exploratory and descriptive, collecting data from
primary and secondary sources.

3.1. E-Waste Recycling Networks Characteristics

The task of e-waste recycling brings together various actors in society, including
employees in the electronics industry, residential consumers, companies that generate
waste, waste collectors, recycling cooperatives, component separation organizations, buyers
of already dismantled materials, international aid agencies, such as the UN, following
global programs of the 2030 Agenda, and agents of the third and fourth sectors, such as
NGOs, unions, and other associations.

This myriad of organizations forms a worldwide chain of sustainability and reverse
economy, which unfolds in sub chains in countries and regions, until it reaches city and
neighborhood networks. Considering the 2030 Agenda [61], which is the broadest global
sustainability plan in force today, we think that the means of implementation from the
sustainable development goals (SDGs) of health and well-being (SDG 3), industry, innova-
tion, and infrastructure (SDG 9), sustainable cities and communities (SDG 11), responsible
consumption and production (SDG 12), land life (SDG 15), and partnerships (SDG 17) are
the most important to consider when analyzing e-waste recycling.

In various countries, specific reliable waste solution programs have been created, in-
cluding electronic ones. Actors have tried to implement these programs in each region, and
this is where problems arise, because local actors may not follow the program guidelines.
For example, large companies may prefer to negotiate their material sales, or consumers
may not have a separate material collection grid (resulting in indiscriminate disposal and
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collection), or third-party collection companies may not act by separating e-waste, solid
waste, and regular waste. In short, it is in the actions of these actors that success or failure
occurs.

Articles comparing regions and cities [14] found a similar structure and functioning.
The commitment of the actors is one of the keys to success, especially the leading actors
directly involved in the collection and treatment of the materials. According to the theoreti-
cal focus of constructed governance, commitment is a necessary condition for actors to talk
about and decide how to carry out collective work.

The absence of commitment was verified in e-waste management examples that use
hierarchical models, either through government intervention, with solid waste programs
that detail the actions to be performed, or through the influence of dominant actors, who
dictate rules and operations. In these cases, there are problems associated with resistance,
opposition, or a lack of commitment by the actors [39], which hinder the task efficiency.

Hierarchical models can be a problem at the limits of the network, where public
programs are implemented, because networks cannot be entirely managed and governed
with hierarchies. The networks’ actors determine the direction of collective action and the
achievement of the objective, so this decision process should be the focus of solid waste
management.

In this article, it is argued that micronetworks (in a neighborhood, for example) can be
organized in such a way that the actions of the network are oriented towards sustainability.
These micronetworks can be used as examples to influence other micronetworks, thus
spreading to the broader network of which they are a part. This is the case in some places
in São Paulo city, as we will discuss later.

Once the data have been analyzed and organized, the contextual framework, with the
factors that determine the low efficiency and results of e-waste recycling, can be produced.
This framework includes the problems generated by hierarchical models; the presence of
conflicts of interest, especially regarding profit objectives, which are opposed to sustain-
ability objectives; the lack of commitment from suppliers (consumers and companies); and
failures in the collection and distribution logistics.

In sum, there are some recurrent characteristics of the electronic waste recycling
networks in the world that are related to formal regulations, detailed rules, and the market
reality, with its fragmented nature. This result reinforces our statement about the necessity
to think about and test models based on other principles, e.g., constructed governance.

Regarding our case study, São Paulo City, the next section presents the regulation rules
for e-waste in Brazil, showing that they are very detailed but have problems associated
with their implementation.

3.2. Laws, Regulation, and Mechanisms of e-Waste Recycling in Brazil

In Brazil, federal law No. 12,305 of 2010 instituted the national policy for solid waste,
where individuals, legal entities with public and private rights, are subject to this law if
they are generators of this waste. There is a shared responsibility concerning a product’s
lifecycle, from the extraction of its raw material to the final disposal of the waste that
is impossible to treat. Article 33 of the law describes the obligations of manufacturers,
importers, distributors, and traders to implement reverse logistics systems in conjunction
with public collection capacities. In the list of types of mandatory waste in the reverse
logistics system is item 6, which relates to electronic products.

The program is integrated with the national environment policy, the national education
policy, and the basic sanitation policy. In the management of solid waste, an order of priority
is established, namely: no generation, reduction, reuse, recycling, treatment of solid waste,
and environmentally appropriate final disposal of waste.

However, the country’s complexity and regional differences pose difficulties that
hinder inspection. It seems that reverse logistics in Brazil is growing in relation to products
like car batteries and tires [62]. With respect to e-waste, there is a long way to go.
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Electronic waste can originate from the industrial chain or domestic waste. Table 3
shows the distribution of the volume and value of e-waste, compared to other waste types.
Electronics are responsible for 53% of the amount billed for the category, “other materials.”
This means that any policy or program needs to consider the business’s power in the network.
This consideration does not appear under Brazilian law.

Table 3. Status of e-waste and other materials in Brazil, at 2017 and 2018.

Waste
Collected Amount
(BRL/Thousand)

Collected Volume
(Tons)

Average Price Collected Material
(BRL/Kg)

2017 2018 2017 2018 2017 2018

Electronics 81 178 68 145 1.19 1.23

Oil and Fats (Liters) 108 89 169 146 0.64 0.61

Other Materials not specified 21 50 167 149 0.12 0.33

Composition 32 22 183 89 0.18 0.25

Total Other Materials 242 339 587 528 0.41 0.64

Source: ANCAT 2017 [63].

In 2019, the reverse logistics sector agreement for household electronics and its compo-
nents was created to establish the terms of operation, implementation, and structure of this
policy. The deal was sealed with key government actors, industry and trade associations,
and NGOs.

The agreement is divided into two phases: phase 1, from October 2019 to December
2020, is to create working groups to establish the infrastructure and financial conditions for
implementation; phase 2, scheduled to start in January 2021 and extend until 2025, will
qualify service providers that will operate on this logistics system and develop communi-
cation and environmental education plans, aiming at the disclosure of this reverse system.
The agreement’s goal is to reach a rate of 17% for materials collected and correctly disposed
of in 2025.

The agreement prohibits the practice of commercialization, transfer, or other illegal
action at the receiving points. It is worth noting the nonremuneration or payment for
products discarded by consumers. Actor service providers will receive payments based on
the type of electronic equipment received and processed, but this criterion of who, when,
and how much are not yet clear in the agreement document. Large manufacturers and
importers must correctly dispose of 100% of the products received by the reverse system.
Retail trade should provide collection points, and legally constituted waste cooperatives
can participate.

The agreement provides details of the collection, handling, transport, and storage of
waste. The companies responsible for disassembly and separation must be licensed and
legally authorized to carry out this process.

The public program is very detailed and has a sustainable vision, rather than a business
one.

However, the current reality in Brazil is far from this framework. An informal chain of
electronic waste collection and sale predominates in contrast to the low percentage of 3%
of recycling that is legally carried out. This informal chain works according to the market
and profit logic, which causes environmental impacts, since the non-reusable waste goes
into landfill.

In addition, the size of this market is unknown. Data on the generation of electronic
waste, both from international and Brazilian institutions, are created by inferring from
the total annual production of legally established companies, which provide the data on
the government. The institutions cross these numbers with the retail sales of electronics,
creating the e-waste statistics. However, in Brazil, there is a vast informal market for
electronics, either due to piracy or the remanufacturing of clandestine factories. This
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situation presents a challenge for research and management programs. How can we reach,
account for, analyze, control, and modify this informal market?

In addition, the possible formal absence of assessment raises the question as to whether
the actors, from consumers to separators, have sufficient commitment to and consciousness
of sustainability to act in the proper manner, or whether they could deviate from the main
objective. According to our interpretation, this is where the governance created by the
actors themselves could be effective.

For example, a cooperative in a São Paulo neighborhood agreed with a condominium
to collect e-waste, with a scheduled date and time. As the agreement was being fulfilled,
other nearby condominiums joined the initiative. The city encouraged this type of agree-
ment, because it eliminated the need for selective collection, thus obviating the need to pay
third parties. It is in constructed governance, which considers the end/limit of connections,
where change occurs.

The authors report that the systems for managing the production and disposal of
electronic waste in Brazil are poorly developed, with a significant part of this waste going
to landfills or going through informal chains that send the material to undetermined,
sometimes even clandestine, locations [47,64]. With regulatory and inspection failures, the
informal sector negotiates the most valuable components, discarding the rest in the envi-
ronment without the necessary care. This situation is the reality, despite the determination
of Brazil’s solid waste law of the responsibility of producers to ensure that their waste
products are sent to environmentally appropriate destinations [65].

According to our interpretation, a consciousness and disposition for collaboration and
working together are lacking in São Paulo. In the next section, an analysis of the e-waste
network in the city of São Paulo is conducted.

4. The e-Waste Recycling Network in São Paulo

This section describes the e-waste recycling network in São Paulo, based on secondary
sources and data from technical interviews. Data from secondary sources were obtained
from databases, such as online publications from the Yearbook of the National Association
of Waste Pickers (https://ancat.org.br/), Coopermiti website (http://www.coopermiti.
com.br/), Cedir/USP (https://cetirp.sti.usp.br/lixo-eletronico/), and sites like the United
Nations (https://nacoesunidas.org/secao/desenvolvimento-sustainable/), which make
periodic global surveys on waste. Technical interview data were obtained through two
presidents of cooperatives that deal with the task of waste disposal.

The criterion for selecting data was that they must refer to the problems, conflicts,
solutions, and efficiency of networks, following the guidelines of verifying how the network
is organized, which roles and functions are determined, which collective action mechanisms
can be found, and whether there are signs of constructed governance.

The guiding proposition is that public programs that present complex characteristics,
with unpredictable behaviors and conflicts, need constructed governance, which is capable
of dealing with the necessary changes and adaptations in the network.

The data collected and organized on the e-waste recycling in São Paulo show a
fragmented chain, with several ways of sending the collected material (to city hall centers,
to cooperatives, or to intermediaries), various forms of dealing with the material (processes
separation), and multiple destinations. Figure 1 shows the material flow, considering the
basic points of the chain. Each point, for example, cooperatives and scrap dealers, is made
up of several other organizations, which are either small, medium, large, certified, or illegal.
Figure 1 shows a vast, multifaceted network with various tasks, functions, and objectives.

An example of a conflict between the ideal and the real situation is the case of a public
company in the state of São Paulo that offers its electronic waste in an auction, in which the
highest offered price wins the waste, irrespective of the destination of the material to be
given by the buyer. The only precaution is to sign a term of commitment to comply with
rules imposed by the environmental regulatory agency, which is to be signed at the end

https://ancat.org.br/
http://www.coopermiti.com.br/
http://www.coopermiti.com.br/
https://cetirp.sti.usp.br/lixo-eletronico/
https://nacoesunidas.org/secao/desenvolvimento-sustainable/
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of the commercial process. In this case, it is possible to observe the business value, which
firstly aims at financial gains and, only secondarily, at sustainable ones.

On the other hand, it was found that an e-waste recycling cooperative formed a small
back-and-forth network in the network chain. The cooperative is certified (which is not
easy in the state of São Paulo, due to the bureaucracy involved) and made partnerships
with organizations that follow the disposal rules. Thus, interdependence between these
organizations takes place in this cooperative. The cooperative dismantles the material,
following all safety and sustainability standards, and has partnerships with buyers, who
seek to assist the cooperative, following the rules regarding the transportation of waste to
the correct destination and without engaging in abusive negotiations. It is a micronetwork
within the broader network, which achieves sustainable results, social development (in
support of the cooperative), and financial results.

All partnerships negotiated and discussed the rules to be implemented between
the parties, constituting an example of constructed governance. The case indicates that
constructed governance is an efficient way to recycle e-waste, following the threefold
propeller of sustainable, social, and economic development.

Another example comes from the partnership between a university in the region of
Campinas, close to São Paulo, a research center, and an e-waste recycling cooperative.
The research center has developed tracking and material separation technologies, which
are being tested in the newly formed cooperative, with financial support from the city
government and scientific support from the university. It is an example of a technical-
scientific partnership guided by the three pillars of sustainability, that is, sustainable actions
(in the use of techniques that correctly separate materials), social development (giving
employment to people who need it), and economic development (trading quality material
with responsible companies).

These examples of micronetworks show a way to solve the problems associated
with e-waste, although they are not strong enough to spread to the level of the broader
network. Interviews with two presidents of such cooperatives reveal that in the city of São
Paulo, there are no estimated data on the volume of electronic waste and the percentage of
recycling, because there is no tracking and there are no data or reports on the transportation
of waste from its production to its final destination. Other reasons for the lack of data
include the strong presence of an informal network of collection points, street scavengers,
organizations not authorized to separate materials, and an absence of rules in enterprises
and apartment condos that require consumers to separate electronic waste from ordinary
waste. These are elements that characterize the lack of a collective view of the network and
predominance of the business view in São Paulo.

The evidence of the situation regarding e-waste disposal can be summarized as
follows:

(a) The low efficiency in terms of the e-waste recycling rate, especially in large urban
centers in Latin America, such as São Paulo;

(b) The problems associated with the distance between laws and practices in countries,
especially commercial practices that are far from sustainable objectives;

(c) The lack of use of tracking technologies and material separation processes;
(d) The complex, multifaceted networks, with numerous distinct subnets;
(e) The examples of micronetworks that create rules between different parties.

Using an abductive methodology, adding the facts and the assumptions to a logical
framework, a model for the analysis and management of e-waste is proposed, with con-
structed governance as the principal axis. The next section describes the framework, the
propositions/hypotheses, and the theoretical foundations.
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Figure 1. e-Waste recycling flow.

5. The Constructed Governance Model

To provide theoretical support for the constructed governance model applied to the
analysis and management of e-waste recycling, the social foundations of networks were
selected. The first theoretical basis is the relational view [66,67], that is, the principle that
business strategies and the implementation and success of public tasks can be understood
from the relationship matrix between the actors. As a derived statement, it is affirmed
that the construction and development of networks are founded on social relationships of
collaboration, trust and commitment [68].

Trust is defined as depending on another because a task cannot be accomplished alone.
Commitment is defined as the other side of the coin of trust, that is, helping the other who
needs and trusts you, placing the collective goals above the individual, and not taking
advantage of the dependence situation of the other to obtain advantages [33,69].

The predominance of these forms of relationship in a group allows for the conditions
required for discussion, decisions, and organizations relating to a collective task, that is,



Sustainability 2021, 13, 1701 12 of 22

constructed governance. The relational view and the relationship environment are the
basis of the first proposition of the model:

A1. The constructed governance model applied to e-waste recycling management needs
a cooperative environment among the participants, with a predominance of trust and
commitment. The dominance of competitive relationships, or a lack of commitment to col-
lective actions, makes it difficult, or even impossible, to develop constructed governance.

The second theoretical foundation refers to the solution of possible conflicts caused by
asymmetries. Asymmetrical conflict is defined as any difference between actors that may
interfere with a group’s task [39–41]. The conflicts most often cited in the literature relate
to (a) interests; (b) objectives; (c) opposition between behavior aimed at collective tasks and
that aimed at individual results; (d) differences in commitment and cooperation between
actors in the network; (e) disputes over resources, rather than sharing of resources; and (f)
tensions regarding roles and functions in the group.

Part of group work efficiency depends on how these conflicts are solved [70] and
academic literature points out some of these solutions: (i) collaboration and coordinated
efforts among organizational actors [71]; (ii) development of an adequate communication
network [54]; (iii) fast organizational knowledge transfer and learning; (iv) orientation
toward cohesion; (v) ethical management; (vi) choosing the right actors to solve the
right problems; (vii) choosing the best management approach for each relational conflict,
for example, avoiding, integrating, gathering, and compelling [53]; (viii) focusing on
competitors, taking the focus off internal problems [53]; (ix) visualizing the asymmetry as
a whole in the group and not just part [72].

The solutions from (i) to (v) are collective modes, requiring all actors in the making of
decisions, which characterizes the construction of governance. The solutions from (vi) to
(ix) are about management and can be carried out collectively or by a single decision-maker.

The second proposition derives from the concepts and discussion of asymmetry,
conflicts, and solutions:

A2. The constructed governance model applied to e-waste recycling management is a
way of solving conflicts caused by asymmetries, thus influencing the efficiency of the task.
For each conflict, unexpected situation, or demand that requires a solution, mechanisms,
rules, and practices are created, which are oriented toward improving the efficiency of
the group. The construction of these mechanisms is the collective social process, named
constructed governance.

The third theoretical foundation is the concept of constructed governance, developed
by the authors of this work. Governance is defined as the set of mechanisms that guide,
control, and encourage collective action [28,73]. The governance adopted in a group can be
formal, that is, based on laws, rules, and guidelines that already exist in the organizational
field. The authors agree that formal governance is not able to solve all the problems and
unforeseen circumstances of a group, especially since each group, in each situation, has
distinct experiences [34,74]. In these cases, the literature refers to informal governance,
meaning the mechanisms’ adjustments according to the group’s needs [75,76].

Collaborative governance and relational governance are expressions that refer to infor-
mal governance. Collaborative governance is predominantly defined as the government’s
ability to attract stakeholders to collective work [49]. Relational governance is mainly
defined as rules and controls that arise due to trust and commitment relations (which is
practically the same as our definition of the concept of informal governance).

According to our interpretation, these divisions (formal or informal, collaborative, and
relational) are partial and insufficient to explain the social construction of the mechanisms
in e-waste recycling networks. The division between formal and informal governance
carries the logical difficulty of describing how rules and practices that are formed through
informal experiences over time are legitimized and formalized. In order to describe
informal governance, it will be necessary to use arguments from institutional theory [77],
that cannot be found in academic publications. Collaborative governance, in the sense of
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attracting stakeholders, and relational governance, in the sense of controlling opportunistic
behavior by social relations, are, in our view, necessary conditions for the emergence of
constructed governance. Still, they do not explain the process of each constructed norm or
rule.

If these conditions of collaborative governance and relational governance exist, there
are collective decision-making processes for deciding the mechanisms and the ways to
implement them. Through this social construction process, the network organization arises.
The actors determine the content of the rules (for example, a determined company that
generates waste will distribute 50% of its material to authorized cooperatives and 50% to
market buyers), the form of control (for example, the cooperative participates in the group
within the company that takes care of the destination of the material), and the objective to
be achieved (for example, a sustainable destination for the material + the social inclusion
of members in the decisions + legal, market, and image advantages for the company that
generates the waste).

Constructed governance is defined as the mechanisms that are created by the group
itself, as distinct from the mechanisms that already exist in the organizational field (such
as laws, market rules, or ready-made tools of consulting groups), which emerge and take
place when participants are willing to collaborate, and there is a relationship environment
that allows for the discussion and solution of conflicts and demands.

This construction occurs over time through the learning and cooperation involvement
of actors, which reinforces trust, credibility, and commitment, thus legitimizing and encour-
aging continuity of collaboration [35,78]. From the comments in the previous paragraphs,
the third proposition of the model may be put forward:

A3. Constructed governance is an alternative and efficient way to solve conflicts and
establish a framework that guides the structure of roles and functions in a group. The
types of collective work and the whole process are made and legitimized by the group
itself. The cohesion and efficiency of the group are achieved by the members, who together
decide the mechanisms that will govern their mode of action. The logic is that if they
created the mechanisms themselves, resistance and disobedience will be minimal.

As stated, literature on the constructed network governance process is rare. Group
decisions are a theme of group dynamics, which is the next theoretical foundation. Concepts
of group dynamics are rare in discussions about network governance. Still, researchers in
the fields of social psychology, sociology, and anthropology [79–82] are agreed that group
cohesion is more easily achieved when the participants decide the rules than when they
are imported into the group. This occurs for two basic reasons:

(a) Imported rules may not be adequate to the group and task characteristics, thus
requiring adjustments;

(b) Participation in the decision of the rules develops responsibility and commitment
in the actors, both in following the rules and in controlling those who do not follow
them.

The fourth proposition is derived from this principle:

A4. When the actors of a group actively participate in constructing the rules, attitudes
of responsibility and commitment emerge, which fosters compliance with the rules and
group cohesion. The logic is that if the actors created the mechanisms themselves, then
the rules will be followed and, by inference, results will be achieved.

Achieving results is the goal of any management action. If constructed governance
contributes to achieving results, it can be the object of attention and action for managers.
This is indicated in the fifth proposition:

A5. Constructed governance is an important social process to be considered by managers
of recycling sustainability programs, because it influences the conditions of organization
and functionality of networks and, consequently, achieves results.

Table 4 shows the propositions that support the association between constructed
governance and management.
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Table 4. Statements that support the association between constructed governance and management.

Statement Origin Interface with Managerial Actions

A1. The constructed governance model applied
to e-waste recycling management needs a

cooperative environment among the
participants, with a predominance of trust and

commitment.

The dominant relationship
environment between network

participants determines part of the
group’s functionality

Create an environment with predominance
of relationships of trust and commitment,

assisting in the emergence of built
governance.

A2. The constructed governance model applied
to e-waste recycling management is a way of

solving conflicts caused by asymmetries,
influencing the efficiency of the task.

Conflicts generated by asymmetries,
such as interests, or willingness to

take collective action, can impair the
network’s functionality.

Managers help the group to find ways to
reduce the impact of conflicts caused by
asymmetries, seeking functionality and

efficiency for the group.

A3. Constructed governance is an alternative
and efficient way to solve conflicts and

establishing a framework that guides the
structure of roles and functions in a group. The
ways of collective work and the whole process is

made and legitimized by the group itself.

Formal governance is not sufficient
and adequate because each group has

its characteristics, requiring
adjustments.

Managers assist the actors in the creation
and implementation of the rules and

functioning of the group, seeking cohesion
and control of the actions, which influences

in obtaining results.

A4. When the actors of a group actively
participate in constructing the rules, attitudes

of responsibility and commitment emerge,
which helps comply with the rules and the

group’s cohesion.

Imported formal mechanisms can
generate resistance and

disagreements between the actors.
The adjustment made by the actors,
according to the specificity of each

group, solves some of these problems.

The managers assist the actors in the
disposition for cooperative actions, both in

modes of operation and in modes of
control, developing embeddedness and
responsibility. Thus, formal governance,

necessary concerning laws and standards
in e-waste, coexists with constructed

governance

A5. Constructed governance is an important
social process to be considered by managers of
recycling sustainability programs because it
influences the conditions of organization and

functionality of the networks and, consequently,
in obtaining results.

Many actors participate in public
services with different objectives,

knowledge, and attitudes, and the
constructed governance aligns

disagreements because the actors
themselves unite in creating the rules.

Without neglecting the traditional factors
that drive the actions of managers, such as

resources, operations, and strategy, it is
stated that the constructed governance is an
important social process in public policies
for network functionality and obtaining
results and should be considered in the
management plan in e-waste recycling.

The proposition can be seen in a graphical form in Figure 2.
The next section presents how the proposed model could be applied to the real

situation in São Paulo.
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Figure 2. The proposition model of constructed governance influencing outcomes.

6. Discussion: Management Challenges and Opportunities in the e-Waste Recycling
Network in São Paulo

The relevant point for e-waste cases is that the task of e-waste disposal can only
be solved through collective action because of the complexities, such as the collection,
destination, separation, and new destination of unusable material. The presence of task
complexity, interdependence, the necessity for cooperation, and the necessity for a type of
governance that can influence the ways in which the task can be completed, is typical of
the network format [46,83].

The first challenge of an e-waste management program is the construction (if it does not
exist) of strong ties that enable collective actions. Studies on network management [84,85]
suggest that the first step is to develop collective action awareness and clearly show how the
collective action brings benefits and not problems for each participant. It is assumed that
managers know the basic principles of the formation and dynamics of groups.

In the case of São Paulo city, successful examples of micronetworks could serve as
a stimulus for this challenge of raising awareness and acceptance of collective actions.
Clarifying the legal and market advantages for those who follow the sustainability rules
linked to the 2030 Agenda can also be used to foster compliance [86,87].

The second challenge is to develop an environment of cooperation that prevails over
the logic of competition. Whatever the differences or asymmetries among the actors, the
manager must strive to obtain the commitment of the participants, making it clear that the
success of the group causes the success of each individual participant.

In the case of São Paulo City, where the market/profit logic seems to prevail, it
would be a case of developing local partnerships (in restricted regions) where there are
large suppliers of electronic waste (such as universities and public-private companies
that deal with electronic tasks, such as supply and transport systems). It could seem a
challenging task, but the cases described here show that it is possible. The manager could
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use technological resources to create a group, for example, to discuss the theme of e-waste
management and encourage people to join it, just as is suggested by authors [88].

Having created these initial conditions, the model assumes that the actors will initiate
conversations and decide how to act together, which puts constructed governance in
motion. At this step, the asymmetrical conflicts about the content of the rules, roles, and
modes to produce the service arise. According to the group dynamics principles, a group’s
cohesion depends on the task’s characteristics (i.e., the level of necessity to work together)
and the relational matrix created in the early steps.

The discussion developed in this article shows that scientific and public management
research on e-waste can use a two-order matrix of indicators: (a) asymmetrical conflicts;
and (b) constructed governance.

Considering the characteristics of the e-waste recycling network, the following indica-
tors appear to be the most important:

i. Asymmetry in commitment to collective actions;
ii. Asymmetry in collective opposition of private interests;
iii. Asymmetry in attitudes towards sustainability or business;
iv. Asymmetry in information about waste collection and destination;
v. Asymmetry in (absence of) controls and punishments;
vi. Power asymmetries (especially in manufacturers).

These conflicts/problems appeared to be consistent with the data analysis. To search
for solutions, the following indicators of constructed governance appeared to be realistic,
possible, and operational solutions.

A. Agreements between organizations and individuals within a micro-region on how to
carry out a task, according to the reality regarding local resources. Examples placed
in the article show that this action is possible and that attempts have been made to
solve this asymmetry (i).

B. Agreements between government and businessmen to adapt the formal rules of
responsibility for e-waste, offering a trade-off, which does not exist nowadays. These
agreements, which may be local, especially combat asymmetries (ii), (v), and (vi).

C. Arrangements between manufacturers, retailers, governments, and society to cor-
rectly dispose of e-waste, which are currently dispersed in legal and illegal areas and
points. There are examples of such actions, for example, cell phones and refrigerators,
which involve great compromises at the level of society but for limited periods of
time. The challenge is to make agreements without an end point. This action combats
asymmetries (i), (iii), and (iv).

D. Technology and traceability developments. For reasons that would lead to further
investigation, there is little technology for collecting, treating, and reusing e-waste.
These actions need to be taken by the government, and technological innovation
hubs can assist in the development of technological projects aimed at completing
this task. Governments, companies, and technology hubs would benefit from such
constructed governance between them.

E. As a result of the previous solution, integrated actions between companies, coopera-
tives, and governments to disseminate e-waste disposal, collection, and correct reuse
efforts to all media and audiences, accompanied by how-to programs in schools,
neighborhoods, or regions, could lessen the impact of knowledge and information
asymmetry.

If the managers reach this point in developing constructed governance, results start
to appear. The logistics of collection, shipping, separation, and transportation of waste to
the correct destination are set in motion. Sustainable, social, and economic results become
evidence of feedback from the system [89,90]. According to the proposition regarding
the spiral spread of facts in networks [91,92], a good example can spread in the network
and become a model to be used for all the actors. Simultaneously, the hierarchical/formal
governance clarifies the rights and limits relating to each action.
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Supposing the manager could obtain such examples, he/she could spread them in the
network and ask the actors to control any opportunistic behavior that is not in accordance
with the sustainable way of discharging electronic waste. In that case, the principles of
results and efficiency are planted.

7. Conclusions

E-waste is a big problem because of its increase in volume and because of the failure
of public management strategies to attack and solve the problem, which is very important.
The rate of e-waste recycling is only around 17.4% in the world, 11% in Latin America,
and 3% in São Paulo. This is clear evidence of the necessity to review and improve the
management models. Most of them are based on control, hierarchical governance, and the
prohibition of commercial actions, but the numbers show that this way seems not to be
successful.

This is the challenge faced by the present article. We analyze the characteristics of
e-waste recycling networks, searching for common problems around the world, and offer
an alternative for thinking and acting in the field through an abductive methodology.

The analysis of São Paulo city, the largest producer of e-waste in Latin America, shows
that constructed governance could be a competent way to bring actors together to decide
about collective rules and obtain a high volume of recycled material, compared with the
actual numbers. Unlike formal and hierarchical governance, constructed governance is a
collective process in which the actors directly involved in a task join together to discuss
and solve their asymmetries, decide their objectives, and produce a service. This is the core
process behind the expression, “constructed”.

The analysis of constructed governance examples in the e-waste network in São Paulo
pointed out that this process is possible in small groups because of the necessity for strong
ties, trust, and constant meetings. However, this limit concerning the group size is not
necessary throughout the entire network, because the experience can spread along the
network spiral, until it becomes an accepted model that is used by the actors.

We present a model with theory and indicators to develop constructed governance.
Our proposition goes a step away from collaborative governance, which is related to efforts
to join actors, and relational governance, which is associated with creating an optimal
environmental relationship. It is affirmed that these two expressions refer to the necessary
but not sufficient conditions to be applied to the entire complexity of joining actors, solving
differences, coming to agreements on collective mechanisms, and implementing them. It is
a complete cycle of group dynamics.

This theoretical result is accomplished by a methodological one. Table 4 and Figure 2
show how to plan and conduct new research with constructed governance as the central
category. In terms of the data collection technique, the researcher needs to follow the
history of group dynamics, considering the construction, implementation, and results of
collective mechanisms in terms of the tasks and terms of the spread in the network.

The investigation carried out in this article, which basically involved collecting data
from secondary sources, shows the problems and possible solutions for São Paulo City. The
evidence shows the same issues that are present throughout the world, but some examples
of success are available, which give a direction for further research:

(a) The rate is low because there are logical conflicts relating, for example, to following
the logic of profit and/or the logic of sustainability; conflicts of interest; and unsolved
asymmetries about power, inspection, objectives, and knowledge. Because of this,
most e-waste is not tracked.

(b) Concerning logical conflicts, the profit logic prevails in such a way that actors do not
follow sustainability rules. This situation remains practically untouchable because of
the lack of control and the lack of compromise in relation to sustainable principles.

(c) The existence of formal governance and the reality of the market practice in São Paulo
indicate that there is an ideal world in documents and laws, which is focused on
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sustainability, but there is also a real-world, which is quite different and focused on
the market, price, and profit.

(d) Examples of small groups organized to follow the sustainability rules show that the
results could be much better. These groups have constructed their own rules about
how to do their jobs, while always following the paths of sustainability, especially the
reuse and transportation of waste to the right destination. These examples indicate
that there is no incompatibility between sustainability rules and profit.

What is the lesson to be learned from the foregoing? Formal governance is not
sufficient to achieve an e-waste recycling network with an excellent performance. The
examples of small groups show that it is possible to go one step further through a social
process of constructing governance that is aligned with the laws. The group dynamic
theory gives the logic and the basis to affirm that when the actors of a group decide on
their rules, they learn how to compromise and self-control. Under these conditions, the
group becomes operational and obtains better results. This social process is constructed
governance.

The constructed governance concept could impact public programs, usually based
on control, rules, and technical details, thus opening a new avenue for developing rela-
tionships. Japan is a good example of this, because in each neighborhood, residents follow
government rules, yet they also agree on who can help by being a garbage inspector or
teaching people how to separate products [93]. This is constructed governance.

The theoretical propositions presented in this paper offer an alternative way to un-
derstand the success or failure of public recycling policies. We propose that theories of
resources, agency theory, and stakeholder theory are not sufficiently explanatory, their
application is limited, and they do not obtain results because they start from a division
unit (individual or organization), which is set against the environment. The constructed
governance concept starts from a systemic and integrated view of people, organizations,
and the environment. It is always about people engaging in relationships to complete tasks.

Figure 2 shows the impact of the methodology. The article offers a way to plan research
on public policy results based on understanding the relationships between actors, rather
than the routines and functions that are the hallmark of programs run by the government.
The relational view is a well-known and accepted paradigm in the field of networks, but,
until now, it has rarely been used in research.

The model proposes a way of managing e-waste recycling that can be added to the
other traditional modes of management concerning managerial impact. It is not suggesting
as a unique model. Still, based on real cases, the focus on constructed governance has the
logic and consistency to constitute a path that can assist in public policies. This allows
managers to pay attention to small groups’ social processes and opens up the possibility to
improve programs of collective actions. The success of a small group could be spread to all
networks.

Such efforts are justified because of the great global challenge that waste poses. There
are examples, good and bad, about the sustainability from every part of the planet. Waste
on the earth, in oceans, in rivers, and in lakes challenge environmentalists to determine
how to minimize the problem. The 2030 Agenda is very clear about the challenges directly
related to waste: 6. Clean water and sanitation; 11. Sustainable cities and communities; 12.
Responsible consumption and production; 14. Life below water; and 15. Life on land.

Related to the theme of e-waste, these SDGs goals are connected with the following
levels of accountability: (a) corporate social responsibility, i.e., to transport generated
e-waste to a correct destination, which is one of the challenges in the e-waste network; (b)
large companies’ responsibility, i.e., to ensure that their production of e-waste can support
the operation of recycling cooperatives in accordance with the law of each country, to make
sure that the material reaches a correct destination, and to pursue the social objective of
sustainability; and (c) the increasing volume of e-waste in the world indicates that a specific
plan is necessary, apart from solid waste, because it contains complexities that are specific
and follow a different path in the circular economy.
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We invite researchers to collect more and more examples of constructed governance.
Such examples do exist, but they need to be reported, so that the direction in the research
on this topic may turn toward relationships, rather than processes or results.
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