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a b s t r a c t

Brazil, the largest producer of e-waste in Latin America, recently enacted a new law
for the reverse logistics of this waste. The implementation of the new regulation will
require the integration of different stakeholders to overcome existing barriers including
lack of awareness, data and technical expertise in e-waste management, as well as the
existence on an illegal e-waste recycling market. A reverse logistics model is described
as a potential solution to these barriers if the challenges to the model’s implementation
are resolved.
© 2022 The Author(s). Published by Elsevier B.V. This is an open access article under the CC

BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Background

The rapid pace of production and inherent short-term obsolescence of electronic products make the management
f hazardous electronic waste (e-waste) a major challenge for regulatory policies designed to protect environmental
uality and human health without compromising technological innovation, access to digital infrastructure, or employment
pportunities associated with the international solid waste management enterprise (Schoenung et al., 2005; Ogunseitan
t al., 2009; Awasthi et al., 2019). The international Global e-waste Monitor shows that 53.6 Mt (7.3 kg per capita) of e-
aste was generated in 2019, but only 17.4% was properly recycled, and 82.6% of the generated e-waste has an unknown
estination (Forti et al., 2020).
Some countries have developed policies for managing e-waste but encounter obstacles against implementation. Most

olicies are based on extended producer responsibility (EPR) (Davis, 2021). An EPR-based system involves subsidies,
ees, or penalties targeting electronic manufacturers (Pathak et al., 2019). However, difficulties in implementing e-waste
anagement regulations are common in developing countries. For instance, Imran et al. (2017) highlighted the lack of

mport regulation of e-waste as one of the most important in Pakistan. Wang et al. (2017) concluded that households’
abit of selling e-waste to street vendors is an important barrier in Liaoning Province, China. Kumar and Dixit (2018)
how that lack of public awareness and incoherent e-waste policies are barriers to e-waste management in India. Chen
t al. (2020) noted that economic and financial restrictions are the main obstacles in Ghana.
Brazil is the second largest producer of e-waste in the Americas (2.14 Mt/ year and 10.2 kg/inhabitant), behind only the

.S. (6.9 Mt/ year and 21 kg/inhabitant) (Forti et al., 2020). The Brazilian government instituted the National Policy for Solid
aste (NPSW) (Brasil, 2020), with short, medium and long-term goals to be met by the government, private initiative

nd civil society. NPSW established as a goal in Article 33 the obligation of manufacturers, importers, distributors and
raders of electronic products and their components, to structure and implement a process for managing post-consumer
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Fig. 1. E-waste recycling path in Brazil.

electronics independent of the public management of solid waste (Brasil, 2020). The resulting process is consistent with
reverse logistics as defined by Hawks (2006), moving goods from their final destination for the purpose of capturing value,
including remanufacturing and refurbishing, or proper disposal.

In 2016, the Brazilian Association of Electric and Electronic Industry (ABINEE), a non-profit civil organization estab-
lished the Green Eletron management system for logistics of electronic equipment and created the Institute for Research
and Technological Development of the Electrical and Electronic Complex (IPD Eletron) (ABINEE, 2020). On October 31,
2019, the implementation of NPSW advanced through signing of a sectoral agreement for reverse logistics of electronics
products and their components. The sectoral agreement was signed by the Brazilian government, represented by the
Ministry of the Environment, and representatives of entities linked to the sector of electronic equipment such as ABINEE,
Green Eletron, the Brazilian Association for Distributing Information Technology (ABRADISTI) and the Federation of
Associations of Brazilian Information Technology Companies (ASSESPRO). The sectoral agreement aims at structuring,
implementing, and operationalizing the reverse logistics system for household electrical and electronic products, placed
on the domestic market (Sectorial Agreement, 2019).

In this article, we assess: (i) the current status of e-waste recycling in Brazil, (ii) modifications that will be necessary
after signing the sectoral agreement for reverse logistics, and (iii) some of the challenges that must be expected for the
implementation of a reverse logistics system.

2. E-waste management practices and policies in Brazil

In Brazil, the disposal of e-waste in the same receptacles as general recyclable waste is a very common practice (Araujo
et al., 2017; Moura et al., 2017; Oliveira et al., 2020). However, some e-waste is also discarded with ordinary garbage.
Therefore, the largest share of e-waste is ultimately sent to domestic landfills (Souza et al., 2016). According to Dias
et al. (2018), there are few e-waste recycling facilities in Brazil, most of them (89%) only undertake the dismantling
process and receive the waste in the following ways: (i) through partnerships with other companies; (ii) private collection
service performed by the recycler; (iii) voluntarily delivered by the consumer; (iv) sold by waste pickers (often, e-waste
pickers use rudimentary and unsafe processes to dismantle products); and (v) partnerships with municipal programs.
After dismantling, sorting and grinding, the material is exported to international recycling facilities. Fig. 1 summarizes
the current e-waste recycling path. In the current management model, the e-waste recycling flow occurs independently
of the action of manufacturers, importers and distributors, and the inspection of the government. Although the NPSW
is strongly connected with the EPR principles, it does not detail the structure necessary (stakeholders and their roles,
funding sources, system monitoring, etc.) for reverse logistics to work. The existing reverse logistics is due to an informal
market in which waste pickers play a fundamental role (Oliveira et al., 2020; Guarnieri et al., 2016; Ghisolfi et al., 2017).
As a result, despite the entry of 2792 Mt/yr (13.3 kg/inhabitant) of electronic products in the Brazilian market (Forti et al.,
2020), the rates of formal collection and recycling of e-waste are very low, 0% (Forti et al., 2020) and 3% (Green Eletron,
2021), respectively.

The Decree No. 10,240, issued on February 12, 2020, subsidizes compliance with the NPSW establishing rules for
the implementation of a mandatory reverse logistics system for household electrical and electronic products and their
components (Brasil, 2020). The decree requires manufacturers and importers to recycle or properly dispose all e-
waste received through the reverse logistics system. The new model requires collaboration among stakeholders and the
development of new regulatory instruments (Fig. 2).

According to Decree 10,240, each stakeholder is responsible for implementing and operating the reverse logistics
system. Manufacturers and importers should establish and finance a legal management entity to design, implement and
operate the reverse logistics system. The entity should establish a performance monitoring group to monitor and report
performance indicators to the Ministry of Environment. Consumers should sort e-waste separately from other types of
waste and remove private information and data before disposal at specific locations in the reverse logistics system. The

cooperatives and associations of waste pickers should be legally constituted to integrate the reverse logistics system.
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Fig. 2. Reverse logistics system: stakeholders and instruments.

Table 1
Stakeholders and immediate actions to implement the reverse logistics system.
Stakeholder Action

Consumers Availability to pay a higher price for the electronic product to
subsidize the reverse logistic system.

Waste pickers Training to segregate and dismantle e-waste to protect health and
the environment.

Manufacturers, importers, distributors and traders
of electronic products

Search for qualified professionals to compose the manager entity
and a performance monitoring group.

Holder of public waste management services Evaluation of the possible benefits arising from public awareness of
the importance of separating e-waste: (i) cost reduction with
collection and final disposal; (ii) reduction of illegal recycling
activities and consequent minimization of pollution; others.

Ministry of the Environment Creation of a professional committee to monitor the performance of
the reverse logistics system.

Table 2
Barriers to implementation of e-waste reverse logistic system.
Barrier Description

Lack of awareness Few consumers are aware of the dangers of e-waste and often dispose of it together with
ordinary waste or even as recyclable common waste in selective collection (Oliveira et al.,
2020). Another common behavior is the storage of obsolete or damaged electronic
equipment in homes, making it difficult to recycle and circularize the materials.
Campaigns for proper separation and disposal of e-waste will be necessary for the good
functioning of the reverse logistics system.

Illegal e-waste recycling market Due to the high value of electronic components in the recycling market, e-waste is sought
by collectors who dismantle it in places inappropriately and without environmental
security (Ghisolfi et al., 2017; Oliveira et al., 2020).

Lack of data and research Data on e-waste are scarce. Annually, ABINEE publishes sales, import and export
performance indicators for some electronic equipment. Due to the scarcity of data, few
studies examine e-waste production estimates as Araújo et al. (2012), Neto et al. (2016)
and Araujo et al. (2017).

Lack of technical expertise in
E-waste recycling

The variability of e-waste requires advanced technologies for the recovery of critical
materials and rare earth elements. Due to the lack of technologies and investments, Brazil
only undertakes the dismantling process (Oliveira Neto et al., 2017). Recycling processes
that recover critical metals and/or rare earth elements, which are in high demand
worldwide should be assessed as an economic opportunity.

Financial incentives may accrue through a point-of-sale invoice. Manufacturers and importers of electronic products must
properly recycle or dispose e-waste collected through the system. Public waste management services may voluntarily
perform parallel campaigns or programs for the environmentally appropriate management of electronic products.

3. Challenges and prospective

The e-waste reverse logistics system can only work with the integration and engagement of stakeholders who should
mmediately recognize their roles to achieve the policy objectives. In Table 1, we describe some immediate actions
ecessary for the implementation of the reverse logistics system. The implementation will be a challenge for Brazil’s
elatively weak solid waste management, as described in Table 2.
3
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A major challenge will be to integrate each stakeholder into a single process, considering that the current system is
ery decentralized. Considering that the waste picker is an important player in Brazilian waste management, the country
an start by taking the experiences of e-waste management in China and India as an example. According to Awasthi and
i (2017), in these countries, policies in addition to focusing on EPR, also focused on formalizing informal recycling to
chieve their goals. Awasthi and Li (2017) also conclude by proposing measures to increase recycling capacity and reduce
-waste production in these two countries. More research on e-waste management in China and in India can be found
t: Chen et al. (2018), Zeng et al. (2017), Cao et al. (2016) and Garlapati (2016).
The experiences of countries with more advanced e-waste management consider that the implementation of the

everse logistics system will depend on the construction of a complex cooperation network that integrates all those who
articipate in the entire life cycle of electronic products.
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