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Reverse  logistics  implementation  of  electrical  and  electronic  equipment  waste  (WEEE)  and  its  compo-
nents  has  been  a major  concern  for the  Brazilian  government  and  the private  sector  in  the last  decades.
This  paper  proposes  a  description  of the  Brazilian  WEEE  proper  disposal  or  reverse logistics  credits  (RLC)
market and also  an analogy  with  the  carbon  credit  market.  In order  to  reach  this  purpose  a  descriptive
research  was  carried  out,  focusing  on  the  study of  the  RLC  market  of WEEE in  Brazil.  Some  special-
ists  involved  in this  context  were  consulted  regarding  their  perspectives  for  this  market  and  the  main
motivations  for  environmental  appropriate  disposal  of WEEE.  It  was  discovered  that  the  majority  of  the
everse logistics credits
ational policy of solid waste
everse logistics
aste of electrical and electronics
EEE

stakeholders  agree  that  the  reverse  logistics  credit  market  is  a possibility,  but currently  there  are multiple
obstacles  to  its  implementation.  Regarding  the  comparison  of  RLC  with  the  carbon  credit  market,  there
are  still  many  aspects  to be  developed  before  the  RLC market  becomes  a reality.  The Brazilian  RLC  market
still  does  not  have  any  legal  support  to  work  on,  no  organization  to control  and  audit  the market,  and  no
support  from  the  government.

© 2016  Elsevier  B.V.  All  rights  reserved.
. Introduction

Solid waste management policy in Brazil is regulated by each
f its 26 states and the Federal District, and more recently, at a
ederal level, with the Law no. 12,305 and the Decree no. 7404,
oth from 2010. These recent regulatory documents govern the
razilian Policy of Solid Waste (BPSW). While European coun-
ries and some Brazilian states have adopted the principle of the
xtended producer responsibility (EPR) (Wagner, 2013), in Brazil
he BPSW considers the innovative principle of shared responsi-
ility (also called Product Stewardship – PS), for the product life

ycle, from which society, business and government share respon-
ibility related to residues management. According to Article no. 33
f that law, traders, distributors, importers and producers of pesti-
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N. Caiado), patguarnieri@gmail.com,
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iselechaves@ceunes.ufes.br (G. de Lorena Diniz Chaves).

ttp://dx.doi.org/10.1016/j.resconrec.2016.11.021
921-3449/© 2016 Elsevier B.V. All rights reserved.
cides, batteries, tires, lubricants, fluorescent lamps and, electronic
products and their components are required to implement reverse
logistics systems to treat waste belonging to these categories
(Brasil, 2010a,b). Therefore, the implementation of the reverse
logistics of waste electrical and electronic equipment (WEEE) and
its components has been a major concern for the government and
the private sector (Guarnieri, 2013).

WEEE and its components, due to its risk and toxicity, require the
correct equation of its parts, making the reverse logistics of these
products subject of recent decrees and laws worldwide (Oliveira
et al., 2012; Wang et al., 2012). This way, with the approval of
BPSW, Brazil followed the trend set by the United States, Europe and
Japan (Appelbaum, 2002a,b). What was once only concern of some
environmental friendly organizations becomes mandatory for all
producers, distributors and consumers of such products. Moreover,
a company’s current consumption increases, due to the large vol-
umes of equipment purchased and rapid planned obsolescence,

discarding significant amounts of products every day. The junk fea-
tures, according to Chi et al. (2011), are one of the largest sources of
heavy metals and pollutants and has been one of the fastest growing

dx.doi.org/10.1016/j.resconrec.2016.11.021
http://www.sciencedirect.com/science/journal/09213449
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n volume dropped, which causes serious problems in developing
ountries.

As foreseen in the BPSW, in 2013 was published a “Proclamation
alling for the development of a sectoral agreement for the imple-
entation of the reverse logistics of consumer electronics products

nd its components”. This proclamation was published after com-
letion of the study outlined by the technical and economic viability
f WEEE reverse logistics by Technical Group Advisor, created by
he Steering Committee for the Implementation of Reverse Logistics
ystems. The notice proposes the signing of a sectorial agreement
pon submission of proposals by interested parties and sets quan-
itative targets, such as collection and proper disposal of 17% by
eight of household electronic products and components with

oltages not exceeding 220 V placed from the market in the year
o sign the agreement, i.e., in the year 2012 (Brasil, 2013).

Thus, the agents included in the proclamation, are seeking
ractical solutions to the adequacy and compliance of the BPSW.
ccording to Guarnieri and Cerqueira-Streit (2015), much of the
aste from electrical and electronic equipment in Brazil is handled

y waste pickers and scrap dealers inadequately. These workers,
ost often are unaware of the security and operational require-
ents for managing this waste category (Corrêa and Xavier, 2013).
n the other hand, some companies already have implemented
ractices of reverse logistics and anticipated statutory require-
ents. The conclusion of this sectorial agreement was scheduled

or December 2013 and did not occur as planned. The alternative
rovided in the BPSW, is the development of a regulatory decree
y the federal government.

The market value of electronic waste is quite attractive to key
anagers. Besides that, there are indications of a future short-

ge of inputs used in the production of components of electronic
quipment. Several companies have seen the recycling of materi-
ls as being the solution to this problem, which has motivated an

urban mining’ (Guarnieri and Seger, 2014). Furthermore, opera-
ional costs and logistical constraints still make unfeasible parts of
he reverse logistics system. Thus, as an alternative mechanism, it
s being proposed in Brazil the implementation of market mecha-
isms for the reverse logistics credits or proper disposal, analogous
o what occurs in the carbon credits market, in order to facili-
ate the implementation of policies of public environmental and
ustainable development (Stock Exchange of Rio de Janeiro BVRio,
013).

Porter and Kramer (2011) agree that the moment for a new
onception of capitalism is now. This is interesting because even
raditional leading business researchers now recognize the impor-
ance of the environmental crisis challenging people, and the
nadequacy of traditional capitalist modes of organization in the
ace of these contests (Böhm et al., 2012). This initiative, coor-
inated by BVRio resembles the carbon market, created in 2005,
hich was the deadline date established in the Kyoto Protocol for

he Annex parties to take initiative on reducing their carbon emis-
ion. Thus, it was born the Clean Development Mechanism (CDM),
egulated by the United Nations Framework Convention on Climate
hange (UNFCCC, 2016a,b; which allows a portion of the goals of
reenhouse Gas (GHG) emissions reductions to be accomplished by

he purchase of carbon credits. The CDM is a flexibility mechanism
reated to make an alternative for a few industrialized countries
o meet their emission targets, and allows developed countries to
nvest in clean energy project; the credits generated and used with
he purpose of offsetting their environmentally damaging emis-
ions (Fernandes, 2009).

The main link between CDM and WEEE management is twofold

i) the energy consumption during the life cycle and (ii) the energy
onsumption avoided by the closed loop of materials and com-
onents enabled by the reverse logistics procedures. In a very
ynthetic way, the reason for encouragement of the bonus shares
 and Recycling 118 (2017) 47–59

through the RLC related to WEEE reverse logistics lies on the
undesired environmental costs of WEEE landfilling or dump siting
(regarding life cycle of landfills and GHG emissions) for one hand,
and the cost avoided or the incomes through WEEE materials and
components recycling (regarding the energy consumption along
the product life cycle, recycling and respective GHG emissions),
on the other hand. Many authors have discussed this in different
approaches (Rada et al., 2014; Lu et al., 2014; Sun et al., 2016). On
the other hand, specific methods for energy consumption economy
are provided in the UNFCCC manuals (UNFCCC/CCNUCC, 2016).
Nevertheless, the reverse logistics credit main aspect is focused on
the exceeding recycling and reverse logistics capability rather than
the economy provides in energy consumption.

Since the BPSW is based, among others, in the polluter pays prin-
ciple, the credits of reverse logistics (RLC), as well as carbon credits,
are mechanisms that enable the implementation of this principle in
practice. The carbon credit market is a preferred politic-economic
market-based tool for attacking climate change (Böhm et al., 2012)
and a key component of a promising new ‘green economy’ (UNCED,
2012). However, the complexity of carbon markets and the several
implications of their application have resulted in questions about
the effectiveness of these policy instruments, and about their social,
economic and environmental impacts (Lohmann, 2009; Newell and
Paterson, 2010; Böhm et al., 2012; Newell et al., 2012).

The purpose of this article is to characterize the Brazilian market
of WEEE reverse logistics credits (RLC), known also as adequate
destination credits (ADC) and to make an analogy with the carbon
credit market (CCM) as a tool of policy development. This article
has the purpose of contributing to the discussion of the creation of
a RLC market of WEEE in Brazil and its feasibility.

In order to reach this purpose, a descriptive and qualitative
research was  carried out. The chosen research strategy was  the case
study of the RLC market of WEEE, which is being traded in Brazil
by an Environmental Stock Exchange. Considering the originality
and the novelty of this subject, it is considered relevant to know
the opinion of some specialists involved in this context, regard-
ing the perspectives for the RLC market and the main motivations
for environmental appropriate disposal of WEEE. The eight partici-
pants of the study consist of stakeholder members of the productive
chain of electronics goods. The choice of respondents was  held by
the criteria of representativeness and accessibility, given the senior
positions they occupy and the strategic information they possess.
It is important to highlight that these participants work actively
in the groups of discussion related to WEEE reverse logistics in
Brazil, elaborating rules of adequate disposal and guidelines for
sectoral agreements. This investigation also considers the environ-
mental specific legislation in Brazil, which obligates companies to
implement the WEEE reverse logistics system.

Therefore, it was  possible to verify that the RLC market is an
alternative to companies attend the law and considering the opin-
ion of the most of specialists consulted, it has been accepted in
Brazil, despite being an initiative without specific legal support
yet. In this context, the strategy of the proposal and the potential
of this market in terms of environmental sustainability are also
evaluated. It is important to emphasize that the Environmental
Stock Exchange, which proposes the trading of the RLC has already
negotiated these credits, related to packaging with some compa-
nies from cosmetics industry from Brazil. Additionally, the main
difficulties related to the correct destination of WEEE, demanded
by the announcement 01/2013 from Brazilian Government were
discussed.

The article is structured as follows, besides this introduction

section: In Section 2 it were discussed the theoretical background,
including: WEEE in Brazil, reverse logistics of WEEE, credits of car-
bon and reverse logistics credits (RLC). In Section 3, the description
of the material and methods used was  presented. In Section 4, it is
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Fig. 1. Electronic
ource: Adapted from Franco and Lange (2011).

resented the main findings and the discussion. Finally, in Section
, the concluding remarks were presented.

. Theoretical background

.1. Waste of electrical and electronic (WEEE) in Brazil

The electronics segment represents today, in Brazil, between 2
nd 4% of the environmental impact of its operations. However, it
evelops products, services and solutions that meet 96–98% of the
est of the market economy. However, about 30% of the electronics
arket in Brazil is informal (Cempre, 2014). A UNEP study (2009)

hows that, e-waste recycling in Brazil exists countrywide and spe-
ializes on material fractions, which have a high aggregated value
such as printed wiring boards, stainless steel, copper containing
omponents, etc.). Therefore, it is observed that e-waste recycling
urrently is done on a cherry-picking basis and not in a sustainable
ay.

Around 680 thousand tons/year of WEEE are generated in Brazil,
nd estimations based on the Brazilian formal labor market indi-
ate that no more than 1% of electronic waste produced has an
dequate environmental treatment (Environmental Foundation of
inas Gerais – FEAM, 2010). Electrical and electronic products

n general have several basic modules. The common basic mod-
les are assemblies/printed circuit boards, cables, cords and wires,
lastics flame retardant, switches and mercury switches, display
quipment, such as screens, cathode ray tubes and liquid crys-
al displays, batteries and accumulators, means of data storage,
ight devices, capacitors, resistors and relays, sensors and con-
ectors. The most troubling substances, from the environmental
oint of view, in these components are heavy metals such as mer-
ury, lead, cadmium and chromium, greenhouse gases, halogenated
ubstances, such as chlorofluorocarbons (CFCs), polychlorinated
iphenyls (PCBs), chloride polyvinyl chloride (CPC) and brominated
ame retardants, as well as asbestos and arsenic 8 (Waste Electrical
nd Electronic Equipment – WEEE, 2004; Tsydenova and Bengtsson,
011; Wang et al., 2012).

In key emerging markets such as Brazil, China, India and South
frica, the growth of e-waste will be between 200% and 500%
n the next decade (UNEP, 2009). This increase includes only the
emains of televisions, computers and mobile phones for internal
se, and not the tons of e-waste exported to these countries, most
f them illegally. Furthermore, sales of electronic products retailers
e Flow in Brazil.

exploded in emerging economies, but there is no ability to collect,
recycle toxic contents and convert them into valuable materials
(UNEP, 2009; Wang et al., 2012).

The flow chart of electronic waste and the participants in the
reverse logistics in Brazil are shown in Fig. 1.

According to Fig. 1, in Brazil, the participants of the reverse
flow of electronics are waste pickers, recycling industries, landfills,
producers and distributors. The waste pickers play two roles in dif-
ferent stages of the electronics waste cycle: in the collection and
in the recovery of recyclable material. They collect materials from
Consumer and Reconditioning Center agents, forwarding them to
the Public Cleaning Companies Moreover, they contribute to the
recovery of the material through the disassembly of the equipment
received for technical assistance or other agents and the sale of
parts for scrap dealers and recovery and recycling companies. The
amount of electronic materials received by this agent is variable,
and is mostly obtained by donations from businesses, c door to
door selective collecting, municipal and private donations directly
to cooperatives of waste pickers (Franco and Lange, 2011).

The scrap dealers role, within the electronics waste cycle in
the recovery stage of equipment, is performing the disassembly of
the material received by technical assistance and reconditioning
centers, and then selling the parts that can be reused for com-
panies of recovery and recycling. The recycling industries receive
pieces of waste pickers and scrap dealers for installation of new
equipment, which will return to the consumer market. The mate-
rial that is not used is then send to the final disposal (Franco and
Lange, 2011). In Brazil, NGOs also participate in the reverse flow of
electronics, acting similarly to scrap dealers. These entities receive
several donations from consumers and public and private compa-
nies (Guarnieri, 2013).

The landfills operate as final waste disposal sites. They receive
materials frompublic cleaning companies, private transportation
and recovery and recycling materials companies. The final disposal
site is set according to the possibilities and needs of each region.
In turn, producers and distributors act on the beginning of the
electronics waste cycle, from manufacturing and distribution of
electronic equipments. This way, producers and distributors can
to enable the consumption of these devices by consumers agents’
(households, public and private companies) (Franco and Lange,

2011).

Guarnieri et al. (2016) highlighted the major benefits related
to implementation of the RL of e-waste: i) generation of income;
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i) formalization of jobs in the areas of collection and sorting; iii)
nclusion of informal workers such as waste pickers; iv) digital
nclusion of users of educational and social institutions; v) reduc-
ion of environmental impact; vi) reduction of the amount of waste
isposal in landfills and, vii) environmental protection. The authors
lso propose four categories of actions to be developed (i.e., strate-
ic, environmental, economic and social), which denotes that the
esponsibility falls not only on the government, but also on com-
anies that produce, import, distribute and sell electronics, which

n turn should educate consumers to properly dispose of e-waste
o enable RL.

It is possible to perceive that the categories identified by
uarnieri et al. (2016) involve all the dimensions of sustainabil-

ty, considering the TBL concept, besides including the strategic
ssues of members of the supply chain. The strategic decisions can
e related to the fact that some companies decide to outsource their

ogistics process to the 3PRLP and NGOs as emphasized by Guarnieri
t al. (2015). The main reason is the low volume of e-waste returned
y customers and the high specialization necessary for collection,
orting, refurbishing, remanufacturing and recycling.

.2. Reverse logistics of WEEE

Reverse logistics – RL is the process of planning, implementing,
nd controlling the efficient, cost effective flow of raw materials, in-
rocess inventory, finished goods, and related information from the
oint of consumption to the point of origin for the purpose of recap-
uring value or of proper disposal (Tibben-Lembke and Rogers,
002). Furthermore, the operational activities of RL include collec-
ion, packaging, storage, sorting, transaction processing, delivery
nd integration, and/or correct disposal (Meade and Sarkis, 2002).
asically, the RL process uses the same activities of forward logis-
ics, the difference lies in the moment that this activities start, from
he time that the forward logistic ends.

In addition, it should be emphasized that reverse logistics is
ecessary for extending the life of materials, and plan and oper-
tionalize the return of products to logistics cycle. These aspects
re considered critical to reducing environmental impacts of indus-
rial operations, and solve the problem of scarcity of raw materials
González-Torre et al., 2010), which meets the concept of urban

ining, which is already well established in countries like Italy,
pain and Japan (Halada et al., 2009; Krook et al., 2011; Cossu et al.,
012; Di Maria et al., 2013; Guarnieri and Seger, 2014).

Although the activities employed in the reverse process are basi-
ally the same of forward logistics, it is important point out that the
hysical return of the post-consumption products is characterized
y small volumes of different items with irregular frequency. So,

t is essential to identify, early in the process of reverse logistics,
he ways to collect, triage and distribute these items in an effi-
ient manner and economically viable (Tibben-Lembke and Rogers,
002).

Many managers only care about reverse logistics from the
oment in which the waste is generated and needs to be sent

or recycling or environmentally correct disposal. However, it
hould be considered the life cycle of the product, inserting the
everse logistics from the product design. Thus the basic life cycle
f a product goes through the following stages: concept, design,
anufacture, use, return, recycle and/or disposal in landfills. Fur-

hermore, inserting reverse logistics only in the last stages, the
ossibility of the economic viability of the waste return becomes

imited (Bernon and Cullen, 2007; Cullen et al., 2010). Recycling
f e-waste is composed of different products like glass, plastics

nd metals making their task very challenging for managers (Ravi,
012).

In this context, some researches can be detached. Fleischmann
t al. (2000) proposed a conceptual model based on the design of the
 and Recycling 118 (2017) 47–59

reverse logistics networks. Using the common features in several
case studies, the authors rated the product recovery networks into
three types: (i) recycling networks by mass, (ii) products remanu-
facturing and (iii) reuse networks. Each kind of network has been
identified by a specific set of characteristics, including the degree
of centralization, integration with the operations of existing supply
chains and, whether the products would be returned to the man-
ufacturer to a third party reverse logistics providers (3PRLP) for
reprocessing. Through this analysis, the authors propose a concep-
tual descriptive model that distinguishes between types of network
based on product function: recycling, remanufacturing and reuse.

In the Brazilian case of electronic waste networks, it can be per-
fectly applied. Silva et al. (2016) carried out a study in Brazil and
pointed out the existence of three basic networks:

) Recycled raw-materials market: The market for raw-materials
is composed of the “junk yards”, deposits of solid waste and
recycling cooperatives.

) Secondary market (remanufacturing): This market is charac-
terized by the purchase and sale of electronic products (TVs,
computers, radios, cell phones, among others) and is strictly
related to retailers, or still large lots of computers are bought
and resold piece by piece in retail banking.

c) Marginal activities (reuse): This market niche is characterized by
activities often linked to education and digital inclusion, through
government initiatives or not.

Actually, recyclers need to face the uncertainty in terms of both
the quantities (as well as the quality) of electronic waste. Moreover,
they must adjust their decisions through some form of dynamic
process associated with the sources (Nagurney and Toyasaki, 2005).
The study of the United Nations Environment Programme – UNEP
emphasises the barriers to the transfer of sustainable e-waste recy-
cling in South Africa, Morocco, Colombia, Mexico, Brazil, which are:
(i) policy and legislation; (ii) technology and skills and (iii) business
and financing (UNEP, 2009). This barriers or were also pointed by
Nnorom and Osibanjo (2008) that highlighted the challenges in the
management of electronic waste for developing countries.

Fandel and Stammen (2004) suggested a new perspective of
strategic management of the supply chain, which considers the
business processes involved during the life cycle of the product
in order to include its reverse logistics. The authors use a model
of mixed integer linear programming, which is designed to opti-
mize the company’s profit after tax. Nagurney and Toyasaki (2005)
proposed a model for managing the reverse supply chain, consid-
ering the collection, treatment and recycling of electronic waste,
which integrates the management, modeling, analysis and map-
ping of materials and their respective costs. The model focuses on
the context of multiple decision makers and assumes that they
can compete at a certain level, but at the same time can cooper-
ate between the layers of the reverse supply chain. Guarnieri and
Seger (2014) highlighted the difficulty of controlling the produc-
tion chain of WEEE in Brazil, mainly because in view of its economic
value, even after the machine stops having utility for the first user,
this hardly returns to the industry, as sales channels to secondary
market are very present in Brazilian culture.

The Law no. 12.305 of Brazilian Policy of Solid Waste (BPSW),
approved in August 2010, establishes the compulsory implemen-
tation of reverse logistics, based on the ‘polluter pays’ principle.
This obligation provides a central component of the law, especially
as it applies to following categories of residues: a) pesticides and

associated packaging; b) batteries; c) tires; d) lubricant oils and
associated packaging; e) fluorescent, sodium and mercury vapour
bulbs; f) electronic products and its components and g) all kinds of
packaging (Brasil, 2010a).
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After the approval of BPSW, the Brazilian government estab-
ished a working group in order to define the rules and procedures
f WEEE management and disposal, which has three sub-groups
omposed by: i) manufacturers, importers and distributors ii)
ransporters and recyclers iii) government, scholars and non-
overnmental organizations. The conclusion of the WEEE sectorial
greement did not occur as planned. As required by the BPSW, it
ill be necessary to provide a regulatory decree to regulate WEEE

everse logistics. As highlighted by Alamgir et al. (2012) the prepa-
ation and implementation of adequate institutional arrangements
nd enforcement of appropriate regulation is essential to the suc-
essful waste management strategies in developing countries.

However, in the absence of a legal factor that structures the
everse channels, economic mechanisms to encourage and enable
he management of reverse flows can be developed. The RLC market
s a proposal, already implemented in Brazil by an Environmental
tock Exchage, which will be further addressed in the next section.

.3. Carbon credits and reverse logistics credits market

Sustainable development was first suggested in the Brundtland
eport (World Commission on Environment and Development –
CED, 1987) with aim to propose solutions to civilization’s multi-

le environmental crises. One of the solutions is the carbon market
ntroduced in 1997 by the Kyoto Protocol and endorsed in the
io + 20 Conference, carried out in Brazil in 2012, which recognized
his mechanism as the most appropriate instrument to achieve that
oal (Bernstein, 2002; UNCED, 2012).

The Kyoto Protocol set legally binding emissions targets for
he most industrialized countries and although the United States
efused to ratify the treaty, the emissions trading market mecha-
isms proposed nevertheless became a key element of the Kyoto
rotocol, making it the most important political milestone in inter-
ational climate politics to date (Böhm et al., 2012).

The core of comprehensive climate legislation will be a cap-
nd-trade program (or mechanism) that creates a market for
reenhouse gas (GHG) emissions. These programs operate by estab-
ishing a limit (cap) to the amount of GHGs that firms are allowed to
ischarge. These allowances (for each ton of capped emissions) can
e traded to other market participants and this gives firms the flex-

bility either to reduce their own emissions or to buy allowances
rom another firm. This process minimizes the economic cost of the
rogram, as it be responsible for encourage firms with the lowest
arginal cost of abatement to make the cheapest reductions first

Peace and Juliani, 2009; Böhm et al., 2012). Cap and trade is one of
wo ways to put a price on pollution, taxation is the other (Grubb,
012)

Besides the cap and trade mechanism, the Kyoto Protocol also
rovides a framework for the introduction of the CDM. The CDM is

 system by which participating countries can meet some of their
reenhouse-gas reductions by buying certified carbon credits from
rojects in developing countries that reduce emissions. Besides
hat, the CDM is a carbon compensation market facilitating the

ost developed countries to purchase carbon credits from so-called
clean development’ projects, in terms of their carbon footprints,
laced in the Global South, which are based in those developing
ountries, mainly in BRICS (Brazil, Russia, India, China and South
frica), that are not legally intended to reduce their own carbon
missions instead their major impact on future emission dynamics
Blanford et al., 2009; Bosetti et al., 2009; Peace and Juliani, 2009;
öhm et al., 2012).

According to the current CDM statistics, more than 7900 CDM

rojects are in the pipeline, of which more than 7700 are already
egistered; these projects are expected to produce more than 3.2
illion Certified Emission Reduction Units (CERs) by August, 2016
UNFCCC, 2016a,b).
 and Recycling 118 (2017) 47–59 51

In 2015, the transaction volumes reached 7 billion tons of carbon
dioxide equivalent (CO2e) that represents only 12% of annual GHG
emissions (Roome, 2015).

Some authors consider carbon markets as a viable tool for deal-
ing with climate change, since it provides financial resources that
can be invested to reduce carbon emissions (Peace and Juliani,
2009; Newell and Paterson, 2010; Michaelowa, 2011). There are,
however, several criticisms. One of the most open opponent has
been Lohmann (2009, 2010) who highlights the ineffectiveness
and unethical expansion of carbon markets (in terms of justice
or equity in relation to calculating and efficiently managing the
atmosphere as resource) and their negative social, economic and
environmental outcomes supported by other authors as Heartfield
(2008), Mueller and Passadakis (2008), Foti (2009), Whitman et al.
(2010), Sullivan (2010) and Randalls (2011). Furthermore, Böhm
et al. (2012) pointed out that the politic-economic dynamics of
carbon markets are not really new because they correspond to
a logic driven by the need for constant expansion of opportuni-
ties for capital accumulation because they exacerbate preexisting
inequalities, through the unequal distribution of new carbon com-
modities, enhancing opportunities for capital accumulation by
some as opposed to others. These authors highlighted that this is
the logic of capitalism in its historical development.

In January 2005, the EU Emission Trading Scheme (ETS) was  cre-
ated. That year was the deadline established on the Kyoto Protocol
for Annex I countries to demonstrate progress towards the commit-
ments ratified by the protocol (Sabbaguia and Sabbaguia, 2011). ETS
is the biggest cap and trade market exchanging carbon credits, and
it is regulated under the CDM.

On ETS and other existing markets, the carbon credit is traded
in the form of certified emission reductions (CERs). For trading
purposes, one carbon credit is considered equivalent to one tonne
of carbon dioxide emissions, and is considered a commodity. In
the carbon market, CERs can be exchanged between businesses
or bought and sold in international markets at the market prices
(Wong et al., 2009). The CERs are basically an incentive to the
development and use of clean technologies, such as wind farms,
and small hydro power plants, which are a better choice for the
environment in comparison to coal plants, for instance. That way,
Annex I countries can buy CERs directly or over the counter from
projects in developing countries which are better for the environ-
ment (Goularte and Alvim, 2011).

There are many studies being held on the helm of sustainable
development and carbon credits. Grieg-Gran et al. (2005) stud-
ied the carbon market development and the impact of market
mechanisms in forests. Mathews (2008) covered the use of carbon
allowances as a stimulus to the adoption of clean and renewable
technologies. Hunt (2008) described the adoption of a carbon credit
system in Australia in order to minimize pollution from greenhouse
gases. Perdan and Azapagic (2011) presented a wide review about
emissions trading schemes currently in operation.

Nevertheless, related to reverse logistics there is not a regulated
mechanism such as the CDM, so it is of the upmost importance
to analyze consolidated markets, such as the carbon one in order
to fully comprehend and propose market mechanisms that would
allow electronic waste recycling in Brazil to be more effective. As
stated before in this paper, we will focus on the critique of the
carbon credits market as a policy tool for development, compar-
ing it with RLC market of WEEE in Brazil, which is nowadays being
created. Although there is no regulation on the RLC, in Brazil it is
already being implemented by an Environmental Stock Exchange,
mainly related to packaging. Some law specialists state that Law

12,305/2010, which regulates the National Policy of Solid Waste
(BPSW) in Brazil, has a comprehensive understanding on the alter-
natives to implement reverse logistics and RLC can be one of them.
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Table 1
Main characteristics of respondents sampling.

No. Age Function Organization

1 20 − 30 Environmental
analyst

Company of collection,
handling and recycling of
WEEE

2 30–40 Researcher Federal research foundation
3  40–50 Researcher Company of Information

Technology from government
4  40–50 Environmental

technician
Center of disposal and reuse of
WEEE in a Brazilian federal
university

5 Classified Classified Non-profit association of the
industry of electric and
electronic products

6  50–60 Director Non-profit association of the
recycling companies of electric
and electronic products

7  30 −40 Laywer Stock Exchange of
environmental assets

8  40–50 Classified Brazilian Ministry of
2 N. Caiado et al. / Resources, Conser

owever for other specialists, it is still necessary to create a specific
egulation in order for the RLC to be traded (Caiado et al., 2014).

According to BVRIO (2013), which proposes to be a stock
xchange of environmental assets, and whose trading platform is
lready working, retailers and distributors must carry out the col-
ection and return to the manufacturers or importers of products
nd packaging. On the other hand, importers and producers should
nsure the environmentally sound disposal of products and pack-
ging received. In this context, BVRio is developing the creation
f Recycling and Reverse Logistics Credits (RLC), as an appropriate
ool for the fulfilment of the obligation established in the BPSW
BVRIO, 2013). For this initiative BVRio won the 2013 Katerva Cat-
gory Award. The British NGO Katerva awards the best ideas in the
rea of sustainability, with less than two years old and have good
rospects to succeed (Katerva, 2013).

The recycling company that performs environmentally appro-
riate disposal will receive a RLC, which can be sold to the producer
r importer, so that they can fulfill their obligations in an envi-
onmentally appropriate disposal by the competent environmental
uthority (BVRIO, 2013), as is the case of reverse logistics of WEEE,
or example. Considering the proclamation in 2013 related to secto-
ial agreements of reverse logistics of WEEE, the companies must
roperly allocate 17% of products on the market in the previous
ear, by weight, regardless of brand. Thus, if a company properly
llocates more than 17%, which is the legal obligation, they can sell
ts surplus of RLC.

Regarding the polluter pays principle, a critic to the carbon credit
arket is that given that it is often much cheaper and easier to fund

ew development projects in the Global South than to cut emissions
n the Global North. Northern participation in the CDM has proven
articularly popular, suggesting that Northern companies prefers
o offset their emissions, rather than to reduce them at their source
Dale, 2008; Newell and Paterson, 2010; Böhm et al., 2012). An anal-
gy with the RLC is that producers may  find it easier and cheaper
o invest in the purchase of reverse logistics credits compared to
he cost and efforts of the investment in reducing and preventing
he generation of WEEE, another principle of the Brazilian policy
n solid waste. On the other hand, the market price of recycle and
everse logistics permits will impose a cost upon those firms that
eed to buy the permits and this will be reflected in the firm’s cost
tructure. Once emissions are priced, this price will be determina-
ive to push the prevention and reduction or the contrary. This logic
as already been implemented in the case of packaging, which is
ollected by waste pickers, sold to recycling companies and thus,
he credits are sold for cosmetics industries in Brazil.

When we think about the polluter pays principle it is necessary
o associate to the economic responsibility, which means that the
roducer is responsible to cover all or part of the expenses (the
ollection, recycling or final disposal) in the life cycle of the their
roducts. These expenses could be paid directly by the producer or
y a special fee (Nnorom and Osibanjo, 2008). In cases of environ-
ental pollution in developing countries, a different variation of

he polluter-pays principle emerged focused primarily on the need
o provide immediate compensation (Luppi et al., 2012).

According to Andrew et al. (2010), the efficiency of an Emis-
ions Trading Schemes (ETS) is not guaranteed as an economic
echanism: it is possible to control the price or the quantity of

 commodity but not both at the same time. The European Union
TS evidence of the failure their First Phase that has been attributed
o an oversupply of permits by the regulatory authorities (Tan et al.,
008), in which the prices of the trading permits decreased by 70%,
hich caused many companies working on this area to go bankrupt.
he government must control the total of emissions because “the
arket will not do this” (Andrew et al., 2010). For an ETS to succeed,

egulation of emissions as well as regulation of trading permits is
ecessary (Stranlund et al., 2005). If we compare it to the RLC, the
Development, Industry and
external trade (MDIC)

regulatory context in this case, WEEE pollution still depends on
government intervention mainly because the sectoral agreement
has not occurred.

In real world situations with imperfect information, transac-
tion costs and external shocks affects carbon trading (Helm and
Hepburn, 2009) and will also influence RLC. The cost-effectiveness
of climate policy is critical to its success or failure, because “our
willingness to pay is limited and the costs of mitigation are substan-
tial” (Fankhauser and Hepburn, 2010). There may be constraints in
linking up systems because of excessive cost differences (Flachs-
land et al., 2009). As the interaction of carbon markets with other
instruments is very important as pointed out by several authors, the
RLC market also needs to be supplemented by other instruments.

3. Material and methods

In order to reach the purpose of this article, a descriptive
and qualitative research was  conducted. So, a case study strat-
egy was  chosen, which is justified considering the originality and
the novelty of this subject. So it was  considered relevant to know
the opinion of some specialists involved in this context, which
work actively in the groups of discussion related to WEEE reverse
logistics in Brazil, elaborating rules of adequate disposal and guide-
lines for sectoral agreements. This investigation also considers the
new mandatory legislation in Brazil, which obligates companies to
implement the WEEE reverse logistics.

The participants of the study consist of stakeholder members
of the productive chain for electronics goods. This chain con-
sists of: manufacturers, importers, exporters, associations, research
foundations, logistics operators, retailers, final consumers and
government. The sampling is characterized as non-probabilistic,
which is more suitable for a qualitative research. The choice
of respondents was  held by the criteria of representativeness
and accessibility, given the senior positions they occupy and the
strategic information they possess, which is necessary for a bet-
ter understanding of the problem, without thereby belittling the
contribution of the information provided. Thus, it was selected
significant representatives of the population, whose main charac-
teristics are shown in Table 1.

It is important to highlight that respondents 1, 2, 4 and 6

attended the technical group of electronics logistics, which for-
mulated the technical standards of ABNT (Brazilian Association of
Technical Standards) for reverse manufacturing of WEEE (ABNT
NBR 16156:20130), while respondentS 5, 6 and 8 represent compa-
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Table  2
Research questions.

1. What do you consider to be reverse logistics and what activities are
covered by it?

2.  Does your organization perform the reverse logistics of WEEE?
3.  What is your opinion on the obligation of the implementation of reverse

logistics of WEEE by Brazilian BPSW?
4. In your opinion what are the main difficulties of effective implementation

of  the reverse logistics of WEEE in Brazil?
5. What is your opinion on the announcement 01/2013, which deals with the

call of sectoral agreements for reverse logistics of WEEE? Do you consider
the demand of correct disposal of the percentage of 17% of WEEE, high,
adequate or low? Please justify your answer:

6. Could you highlight the positives and negatives aspects of announcement
01/2013?

7.  What are the main difficulties to be faced by those companies involved in
the reverse logistics of WEEE?

8.  Have you heard about reverse logistics credits of waste? Do you think that
it  would apply to the reverse logistics of WEEE?

9.  Considering that the credits reverse logistics of waste would be those
exceeding recycled by companies beyond the stipulated legal targets, and
sold  to those who did not it. There is the possibility of sale these credits,
similarly to the existing carbon credits? Please justify your answer:

10. In your opinion, there is a legal apparatus that allows the creation of
WEEE reverse logistics credits market?

11. In your opinion, the use of WEEE reverse logistics credits, is feasible from
an operational point of view?

12. What could be done to make the market of these credits a reality?
13. Could the market of WEEE reverse logistics credits to mirror the existing

carbon credit market? Please justify your answer:
14. What are the impediments and/or difficulties to the WEEE reverse

logistics credits market to become a reality in Brazil?
15. What is your opinion about the Brazilian government support in creating

a  rule or resolution for the sale of these credits?
16. How do you believe that should be the remuneration of these credits?
17. From the environmental point of view, you believe the market of WEEE

reverse logistics credits would be appropriate. Please justify your answer:
18. In the case of the WEEE reverse logistics, you believe that there would be

market for trading these credits? Please, justify your answer.
19. In your opinion, who should be the responsible for control and regulate
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this  market? Please justify your answer.

ies and institutions that participated in the technical work group
reated by Brazilian government, which performed the analysis of
echnical and economic feasibility of the reverse logistics of WEEE.
espondent 3 is a researcher who works with reverse logistics in

 government unit, and respondent 7 works directly with RLCs of
everal categories of residues in a stock exchange of environmental
ssets. Therefore, we prioritized the relevance of the contribution of
he respondents, all with a close direct relationship with the reverse
ogistics of WEEE, rather than a broader sample, whose answers

ere not subsidized by the actual knowledge of this sector.
First of all, a message was sent to the respondents asking for the

vailability in participating upon this research. Secondly, in order
o collect the data, questionnaires with 19 open questions were
ent to the respondents by e-mail. The questions are described in
able 2. Even if the responses involve the opinion of respondents,
hese opinions were guided by the extensive experience of all of
hem with the practice of reverse logistics. The main goal of our
pen-questions questionnaire was to determine the perception of
he participants of the reverse flow of electronics about the RLC
roposal. The questionnaire contained seven categories, discussed

ater in Section 4, and was applied according to the volunteer collab-
ration of the main stakeholders on WEEE management in Brazil.

The results from the questions were analyzed through the tech-
ique of “thematic categorical analysis”, proposed by Bardin (1977).
he analysis follows these stages: i) Pre-analysis; ii) Material explo-

ation; and iii) Treatment of results, in which the qualitative
nalyses of answers of respondents was carried out, performing
nferences and interpretations. It should also be pointed out that,
he purpose of this research was not to generalize the results, but
 and Recycling 118 (2017) 47–59 53

to explore in depth the phenomena. Based on the respondents
answers, the results were set in categories defined a posteriori,
according the meaning cores.

4. Main findings and discussion

In this section, the results that emerged from the perception of
the participants about the RLC most relevant aspects are presented.
Therefore, the aspects covered by the questionnaire and related
to commitment, commercialization, legal support, and operational
feasibility, comparison between RLC and carbon credit market,
obstacles and reward system were analyzed.

4.1. Commitment to RLC proposal

In a few words, the CDM proposal aims to foster sustainable
development. Despites many initiatives in the environmental side,
CDM still have limited focus on waste handling and disposal. Nev-
ertheless, the main goal of RLC is to endorse the environmental
commitment to WEEE environmentally sound management and
disposal.

Regarding the knowledge of the stakeholders on the concept of
RLC of WEEE, it was observed that the 8 respondents have demon-
strated previous knowledge of the concept, which is important to
the usefulness of the information provided in the survey. However,
only 6 respondents agreed on the application of the RLC market to
reverse logistics of WEEE at the moment, 2 of them did not agree
with the applicability of the RLC of the WEEE. More specifically,
it should be pointed out that Respondent 2 states that as long as
the credits were proportional to the size of the consumer market,
as already used by the distribution of ICMS (Tax on circulation of
good and services) model, its application would be feasible. Another
suggestion was  pointed out by Respondent 3, which states that
whether the sectorial agreement is not signed, it could still be a
feasible solution. Still, respondent 4 points out that the RLC would
be a good stimulus for the sector of EEE at this time.

Additionally, Respondent 7 asserts that there are companies that
already perform the procedure of reverse logistics of WEEE, vol-
untarily, maybe with an incentive, like the RLC, it could increase
the volume of WEEE circulating. However, respondent 5 does not
believe in the immediate application of the RLC market and states:
“[. . .]  The RLC market could not work since we have no control over
what will be returned and how it will be monitored, whether there
would be rigid rules of procedure as for carbon credits, this could
be discussed.”

Here lies an afterthought, because when we consider the specific
case of carbon credits, it is important to highlight that countries
have specific and well defined goals to fulfill. According to the
CDM Validation and Verification Manual, the purpose of validation
is to perform an independent audit of the activities of the CDM,
by a DOE (Designated Operational Entity), which is outsourced to
ensure that the project meets all the applicable criteria. In Brazil,
in the case of RLC there is no manual or guideline, there is only
the Law 12,305/2010, which according some law specialists has a
gap in terms of the regulation of how the adequate destination of
the waste will be implemented (Caiado et al., 2014) and, also we
have the proclamation for sectorial agreements of reverse logis-
tics of WEEE, by the announcement 1/2013, which demands that
in the case of WEEE, the companies should attest to they collect
and adequately destined 17% of the EEE sold, nevertheless, still no
agreement is signed yet.
In this context, the DOE shall, by means of an in-person inspec-
tion of the project, ensure that all physical aspects are consistent
and that the project participants operate as recorded in the Project
Design Document (PDD), such as the ability to reduce greenhouse
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Table  3
Main findings of the category 1.

Issues Findings

Knowledge of reverse
logistics and context

All respondents demonstrated to know what is
reverse logistics, their activities and the
context of the obligation of its implementation
demanded by Law 12,305/2010.

Applicability of RLC
market to WEEE

6 respondents agree and 2 do not agree about
the applicability of RLC market to WEEE case.

Main motivations to
apply RLC market to
WEEE

i) No agreement related to reverse logistics of
WEEE were signed or implemented;

ii) some companies already implemented
reverse logistics of WEEE voluntarily;

iii) the consumer market of EEE is expressive,
which can motivate RLC.

Main obstacles to
applicability of RLC

i) there is no clear goals to destination of
WEEE (only the estimation of 17%);

ii) there is no mechanism regulating the RLC
market;

iii) there is no designated operational entity;
iv) there is no regulatory or supervisory entity

in order to monitor and audit the RLC
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Table 4
Main findings of category 2.

Issues Findings

Feasibility of
commercialization of
RLC

4 respondents agree, 2 believe that it maybe
could be work as a temporary solution, 2 do
not perceives interest from manufacturers,
distributors of EEE industry.

Formal structure of RLC Necessity of existence of a Designated
operational entity

Mechanism to monitor
the generation and
adequate destination
of WEEE

The utilization of SINIR − National Information
System on Waste Management can aid this
process, however the online platform is still
now working.

Operation of RLC Necessity of creation of a structure very well
controlled and audited

Product of RLC The credits should be issued by third parties,
companies that have legal obligations as
demanded by BPSW, but go beyond the
stipulated goals could sell this excess.
market.

as (GHG) emissions, power meters, and turbine models registered,
n case of hydro plants. After that comes the verification step, which
s performed by firms of auditors who will examine qualitative and
uantitative information in the Monitoring Report. Then, whether
hese informations are in accordance with calculations and num-
ers of credits to be issued, they send this document to UNFCCC for

ssuance of credits. If there are no further questions, the credits are
nally issued. In Brazil still there is no mechanism like that in order
o regulate the RLC market, which can cause mistrust by some of
he stakeholders.

The main findings of this category can be summarized in Table 3.

.2. Commercialization of RLC

When asked about the possibility of commercialization of the
LCs, respondents 2, 3, 4 and 7 agree that this possibility is concrete
ince there is an adequate structure for it. However, respondent 2
elieves that such a market could only work in a similar way as
he carbon market, and in order to make it possible it is imperative
o create a mechanism for registration and management of WEEE
roduced and collected by SINIR (National Information System on
aste Management), which is one of the tools outlined by BPSW

nd in charge of Brazilian government. The SINIR would be a central
f monitoring of all WEEE generated and will have an important
ole to fulfill the provisions of BPSW. Nevertheless it is important
o point out that the platform of SINIR is still being developed by the
overnment. Also, respondents 4 and 8 believe that it may  work,
ut not as a permanent solution and that this market would not be
easible immediately.

Additionally, Respondent 6, believes that the RLC market would
ork only if a structure very well controlled and audited was cre-

ted, because compliance would be the essential factor and in his
oint of view. The CDM, which is ultimately controlled by the
NFCCC, has strict rules and procedures, one of the main reason

or its success. The same respondent does not seem feasible the
LC market in WEEE, besides he does not believe that this mar-
et interest all manufacturers and distributors of EEE industry. The
espondent 7 points out that, there is a difference between RLCs

nd the goals of recycling of WEEE. The credits should be issued
y third parties that are part of an environmental service, and in
he case of companies that have legal obligations as demanded by
PSW, but go beyond the stipulated goals (17%), they could sell
Fig. 2. Issues to be addressed to enable the commercialization of RLC.

this excess. In the carbon market, within the CDM, this procedure
is widely used by businesses that exceed the target emissions stipu-
lated by the Kyoto Protocol, to neutralize their impact and fulfill the
treaty. Companies nowadays can buy CERs generated by a series of
clean and renewable energy projects (UNFCCC, 2016a,b), and this
model might also work with the RLC market, with a company that is
obliged to dispose of WEEE buying the equivalent of that in credits
from a company with surplus of that. In this point, there is a small
difference in comparison to the CDM, because in the latter pollut-
ing companies buy CERs from renewable projects, or throughout a
stock exchange.

These companies buy the credits issued by third-party projects
that use low emission or no emission technology (Table 4).

Indeed, the structure required for the commercialization of RLC
is the same as that of CDM, regarding the issues previously dis-
cussed. The RLC market can avoid undesired environmental costs
of WEEE landfilling or dump siting (regarding life cycle of land-
fills and GHG emissions) for one hand, and the cost avoided or
the incomes through WEEE materials and components recycling
(regarding the energy consumption along the product life cycle,
recycling and respective GHG emissions), on the other hand. How-
ever, there are some issues to be addressed in Brazil yet, which are
considered essential for the commercialization to become effective
and accepted as presented in Fig. 2.

As presented in Fig. 2, these specific aspects involve the follow-
ing necessities: i) Obtainment of legal support from Government,
such as a decree with guidelines, which can be an instrument of
Law 12.305/2010; ii) Identification of a recognized institution for
trading of credits, such as a Stock Exchange; iii) Identification of

companies performing reverse logistics activities, such as recycling,
remanufacturing or reconditioning and companies available to buy
the credits; iv) Definition of how these credits will be remuner-
ated and, v) Identification of which supervisory institution will be
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Table  5
Main findings of category 3.

Issues Findings

Legal support There is no specific document, manual, bill or
legislation regulating the RLC market. Some law
specialists believe that the BPSW raises the
possibility of RLC market.

Precedents Some organizations sell credits of scrap tires,
which was motivated by the creation of Reciclanip
(association responsible to promote the reverse
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Table 6
Main findings of category 4.

Issues Findings

Operational feasibility 6 respondents agree and nominate RLC as a
“facilitator instrument” to attend the BPSW; 2
respondents do no agree, because this market
needs skilled reverse logistics providers to
operate.

Economic feasibility It is important to define who and how much to
pay for the RLC; the assignment of sectoral
agreements could establish the economic rules.

Legal feasibility Necessity of government support; necessity of

logistics of scrap tires); RLC of packaging
motivated by BPSW has already been sold.

nvolved, in order to define how documentation or certification
ill be required from companies performing RL activities, to give

ccount of the correct disposal of WEEE.

.3. Existence of legal support for the RLC market

With regard to the existence of legal support, Respondent 1
elieves that there is no legal authority to support the creation of
he RLC market. On the other hand, Respondent 2 believes that there
s the legal support, but he does not know any document or regu-
ation to find this information. The Respondent 4 states: “I believe
hat the establishment of quotas for industry, as happened with
he tire industry can stimulate manufacturers to receive equipment
rom other brands, to meet quotas, and help to reduce the impact
aused by the ‘grey products’ in the environment”. The respondent

 states that some law specialists believes that the BPSW raises
he possibility of creation of RLC market, because the law is very
omprehensive.

Respondent 5 does not believe that is possible, at the current
ime, to implement the RLC market, but stated that in Brazil the sale
f certificates of waste tires has already occurred. In this context,
here is a successful case of reverse logistics on tires through the
reation of Reciclanip, which is a nonprofit organization that seeks
o meet the CONAMA Resolution no. 258/99, establishing liability
n the producers for product recovery. However this entity does
ot sell credits but only manage reverse logistics. Additionally, the
nvironmental Stock Exchange BVRio, has already sold RLC of scrap
ires and packaging (Table 5).

It is important to emphasize that the BPSW, Law no. 12.305/2010
as a comprehensive interpretation of adequate destination of
aste. Some law specialists’ state that in this legislation there is

upport to create the RLC Market; however this is a contradictory
spect. It would be necessary to regulate the trading of these credits
ith a proper and specific decree, linked with the law (Caiado et al.,

014). There is also an ongoing negotiation between an Environ-
ental Stock Exchange and the Brazilian Government in order to

rovide this legal support. However there is no concrete document,
ormalizing these issues yet.

.4. Operational feasibility of the RLC market

Regarding the prospect of operational feasibility of the RLC mar-
et, six respondents agree that it is feasible because it could be a
facilitator instrument”, however they point out that it should not
e the only way of achieving the goals established by the BPSW
nd the proclamation of sectorial agreements of reverse logistics of
EEE. On the other hand, Respondent 5 is not in accordance with

he operational feasibility of this proposal. As well as Respondent 6,
e states that just skilled reverse logistics providers could operate
n this market. Both Respondents 5 and 6 disagree of the systemic
ompliance of the RLC. Nevertheless, respondent 3 pointed out the
mportance in the definition of who and how much to pay for the
LCs. Respondent 4 also considers the RLC market feasible because
definition of clear rules, such as carbon credits
market; it would be necessary the existence of
licensed companies and a ‘legislative loophole’

the WEEE can be measured and recorded, therefore the operation
of RLC is feasible.

When asked about what means could be used to make the RLC
market a reality, it was  noted that two  respondents, 1 and 7 agree
that the missing element is the government’s support for the role
definition of the stakeholders. Respondent 2 stressed that: “The
government should install an efficient system of managing infor-
mation and establishing clear parameters in the same way the CDM
– Clean Development Mechanism works”, The opinion of Respon-
dent 5 converges with this idea, stating that there should be clear
rules of operation such as the carbon market, which is already well
established.

One of the stakeholders, Respondent 6, cites that RLC market is
not economically feasible, and this opinion goes against the speech
of Respondent 3 that states that there is the pressing definition
of the financial issue, but there are also several possibilities for
implementation of the RLC market, with or without government
involvement. Furthermore, Respondent 4 states that, considering
the sectorial agreement, there would be ways to deploy this mar-
ket immediately, but it would be necessary the existence of licensed
companies and a ‘legislative loophole’ in order to for the RLCs to be
traded in a reliable manner (Table 6).

4.5. Comparison of RLC and carbon credit market

Regarding the comparison of RLC and carbon credits markets
we found that 5 stakeholders agree that RLC could be reflected
in existing market for carbon credits. The main similarity of these
two markets is related to the purpose of protecting the environ-
ment. Respondent 4 also states that RLC could be similar to the tire
waste market. However, it is important to emphasize that it is still
object of a bill no. 581/2009, which provides for the prevention and
environmental degradation caused by waste tires and environmen-
tally appropriate final destination for manufacturers, importers and
reformers. Respondent 3 emphasizes that the RLC market could
be reflected in the carbon credit market, but the establishment of
parameters is difficult because one must determine whether the
credits would be assessed by percentage recycled surplus or recy-
cled by weight, amongst others. Two of the respondents (5 and 6)
disagree with the comparison of the two  markets, and respondent
8 has no opinion about this issue. However, Respondent 7 pointed
out some aspects that would be critical to define a the regulation
of this market, which are: Quantities of each material contained in
each electronics and amount of WEEE collected, which will depend
on the established mechanism of the RLC market (Table 7).

4.6. Obstacles of RLC market
Regarding the obstacles that could derail this market, Respon-
dent 1 highlights the support and encouragement of the
government. Two  respondents (3 and 5) agree that the exact def-
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Table  7
Main findings of category 5.

Carbon credit market
(CCM)

Reverse logistics credit market
(RLC)

Purpose Protecting
environment

Protecting environment

Legal support and
guidelines

Clear rules No definition

Parameters Clear paramers of GHG
emissions

There is no clear parameters.
There is a doubt whether
credits would be assessed by
percentage recycled surplus or
recycled by weight, amongst
others possibilities

Executing agency Designated operational
entity

Environmental Stock Exchange

Compliance of
rules

Auditing firms or
Independent auditors

No definition

Issuance of credits UNFCCC No definition

Table 8
Main findings of category 6.

Main obstacles

Support and
encouragement of
Brazilian
government

Informality in recycling in Brazil

Lack of transparency High recycling costs
Definition of

parameters
Interest for some parts of WEEE, such as
precious metals and not for other parts − need
to RLC for each part.
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Table 9
Main findings of category 7.

Issues Findings

Priced by the market
(supply x demand)

Considering that third parties can operate the
reverse logistics, they will commercialize the
credits, there is no way  to avoid it.

Entity regulating the
market (such as
Environmental Stock
Exchange)

Responsibility of government or private
companies
Standardization of RLC
market

Demand from stakeholders (manufacturers
and distritbutors of EEE).

nition of the parameters that regulate such a market can be seen
s an obstacle to the feasibility of RLC market. Another difficulty
entioned by one of the stakeholders (Respondent 6) was  the lack

f transparency in the process. Moreover, respondent 4 stressed
hat there is currently a great informality in the recycling process
n Brazil, which can be a barrier to the market, and there are also

any companies which seek only to profit, recycling only the parts
nd materials most profitable to them and not the complete WEEE.
nother obstacle cited by respondent 3 is the issue of cost, because

he parts of WEEE can have different recycling costs, which should
ave a regulation for the creation of the appropriate RLC for each
art of WEEE.

Regarding the need of government support in the standard-
zation of the RLC market, Respondent 2 states that: “The WEEE

anagement needs economic instruments for the feasibility of tar-
ets”. This idea meets the opinion of Respondent 4, s who believes
hat government support is a “natural way”. Three respondents (3,

 and 7) agree that government intervention would be a reality if
he stakeholders demand it, as well as whether this mechanism has
roven more effective than other proposed (Table 8).

.7. Ways of reward and demand for the RLCs of WEEE

Regarding the reward of RLCs, two respondents, (3 and 7) stated
hat it would be priced by the market, i.e., supply and demand.
espondent 5, pointed out that it could be managed by an entity
hat regulates the market, as a sort of stock exchange of environ-

ental assets. Respondent 4 believes that the compensation could
e made through tax incentives for both parties, producers and
ecyclers.
The majority of the respondents, five of eight, agreed that the
reation of credit is feasible under the environmental point of view,
espondent 5 disagrees with the environmental feasibility and
espondent 6 states that does not matter what model of manage-
Tax incentives Economic incentives would be positive

ment adopted, whether there are concrete goals to be fulfilled. On
the side of those who advocate for its viability, we  can highlight
the statement of Respondent 4: “It is impossible to prohibit the
sale of the RLCs, imagining that there will not the manufacturers
who will actually do the recycling process, but third parties, who
will transfer their credits."

With regard to the demand for the RLC trading, the respondents
agree that there would be a consumer market if the trading was
compulsory and if regulations are created for it. Some respondents
argue that the government should be responsible for regulating
the market and others that should be the private sector. There are
some reports supporting the stock exchanges of waste, where the
information about waste is exchanged and the materials discarded
by some companies are acquired by others, it could be considered
as a model for the RLC market.

When we analyze the results, it seems likely that there is a
market interested in purchasing the credits, as highlighted by
Respondent 2: “The WEEE represents, among the categories pri-
oritized by BPSW, the fastest growing in terms of consumption.
Therefore, the agents are motivated to realize economic incentives
as positive.T̈herefore, stakeholders agree that the RLC market can
become a reality, but according to their responses, it is noticed that
there are still many issues and parameters to be equalized for the
RLC market becomes to become a reality (Table 9).

4.8. Synthesis of main findings

The main findings pointed out in each section above can be
synthetized in Table 10.

The positive impacts of the RLC proposal applied to WEEE man-
agement are related to economic and social incentives rather than
to environmental ones. The preliminary reverse chains addressed
by the RLC of packages and tires will provide efficiency measures
and experiences to improve the WEEE system, as well as the com-
mitment of the involved agents can support the maintenance of this
economic incentive mechanism. On the other hand, there are some
obstacles, such as the lack of governmental support and the high
informality among cooperatives and associations, what may cause
important disrupts in this system. Table 11 presents the compari-
son between the RLC and carbon credits.

According to Table 11 RLCs similarities to the existing carbon
market are astounding, although there are still many questions that
remain unanswered mainly regarding the market mechanisms of
the RLC. In the existing CDM, projects have to undergo a series of
strict steps in order to be eligible for carbon credit emissions. These
steps are regulated by the UNFCCC. Market mechanisms in Brazil
are still needed for the RLC market to emerge. The research shows
that the commercialization of RLC for WEEE requires a structure
that should be established in Brazil. After the research with the

specialists and the comparison with the carbon credit market, it
was noted that some elements should be developed to ensure that
RLC are effectively implemented:
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Table  10
Synthesis of main findings.

Category Main findings

Commitment in
RLC of WEEE
reverse logistics

- All respondents know RLCs;
- Most stakeholders believes that, in future,

RLC market will be applicable in WEEE
reverse logistics, but not at the moment.

Commercialization
of RLCs of WEEE

- It could operate in a similar way to carbon
credits;

-  Necessity of creation of a mechanism for
documentation and management of WEEE
generated and collected by SINIR;

-  It works only if a structure very well
controlled and audited was created, because
compliance would be the essential factor;

-  The RLCs should be issued by third parties
that are part of an environmental service.

Existence of legal
apparatus for
RLC market

- There is no regulated document related to
RLC market, as in the case of Forest Code and
the Bill tax for post-consumed Tires.

Operational
feasibility of the
RLC market of
WEEE

- There is no feasibility at the moment;
-  Just qualified reverse logistics providers

could operate in this market;
- There is no systemic compliance of the RLC;
-  Lack of government’s support for the

mandating and define the role of
stakeholders;

- It should be established clear parameters in
the same way the CDM − Clean
Development Mechanism;

- It is pressing the definition of financial issue,
but also there are several possibilities for
implementation of the RLC market, with or
without government involvement.

Comparison of RLC
of WEEE and
carbon credits
markets

- The RLC market could be reflected in the
carbon credit market, but the establishment
of  parameters is difficult because one must
determine whether the credits would be
assessed by percentage recycled surplus
recycled by weight.

Obstacles of RLC
market of WEEE

- Lack of the support and encouragement of
the government;

-  Lack of the exact definition of the
parameters that regulate the RLC market;

- Lack of transparency in the process;
-  Great informality in the recycling process in

Brazil, which can be a barrier to the market;
-  Companies interested in recycling only the

parts and materials most profitable to them
and not the complete WEEE.

Ways of reward
and demand for
the RLCs of WEEE

- it would be priced by the market, i.e., supply
and demand;

- It could be made through tax incentives for
both parties, producers and recyclers;

- There would be a consumer market if the
trading is compulsory and if regulations are
created for it;

-  There is a demand for RLC market,
considering that WEEE represent, among the
categories prioritized by BPSW, the fastest
growing in terms of consumption.

1

2

Table 11
Comparison between RLC and carbon credits.

Category RLC Carbon credit

1) Price Market prices, established
by supply and demand
needs.

Market prices, established
by supply and demand
needs.

2)  Sources Recycling batteries, tires,
electronic equipment or
lubricant oils, amongst
others, can create RLCs.

Carbon credits can have
many origins, such as
hydro, Forest
sequestration, wind farms,
amongst others.

3)  Regulation There isn’t until the
present moment an exact
definition of how this
market will function.

There is a verification and
validation step, all
regulated under very strict
policies created by the
UNFCCC.

4) Buyers The buyers would be those
with mandatory recycling
targets established by the
BPSW.

The buyers are the Annex I
countries with mandatory
emission reductions, but
there is also a very large
voluntary market.

5)  Sellers The Sellers can be either
big companies that would
recycle for their own
targets and sell the surplus

The sellers are those who
invest on a clean
Technologies or low
emission projects instead

tence of environmental reserve quotas for compliance, it would be
necessary, the existence of the legal support as such for the trading
) The necessity of a legal support from Government, such as a
decree with guidelines, which can be an instrument of Law
12.305/2010;

) The necessity of an institution for trading of credits, such as a

Stock Exchange;
or specialized recycling
companies selling the RLCs.

of highly pollutant ones.

3) The necessity of identifying companies performing reverse
logistics activities, such as recycling, remanufacturing or recon-
ditioning and companies available to buy the credits.

4) The necessity of determining how these credits will be remu-
nerated;

5) The necessity of identifying which regulatory or supervisory
institutions will be involved, in order to define how document
or certification will be required from companies performing RL
activities, to give account of the correct disposal of WEEE.

Among the highlighted elements, the definition of legal instru-
ments, regulatory institutions and the trading company are
essential aspects of coordination for this process. In turn, the def-
inition of potential and engaged companies in this sector, as well
as the remuneration mechanism for companies, can be considered
market aspects. Therefore, the real use of this unprecedented and
promising mechanism requires the discussion of aspects of market-
ing coordination and legal regulation. Political aspects and financial
interests may  be an obstacle to the development of these elements
in Brazil.

5. Concluding remarks

The majority of the interviewed stakeholders agree that the
credit market for reverse logistics is a possibility, but at the cur-
rent moment there are multiple obstacles to its implementation.
One of the main barriers that emerged was the government’s sup-
port for the regulation of such market, and the lack of registration
of all WEEE as proposed by SINIR. In addition, the operational costs
of reverse logistics of WEEE, considering that Brazil is a country of
continental dimensions was  also appointed as major obstacle by
stakeholders.

The issue of “orphan products” should be addressed by the gov-
ernment and rules for this kind of waste should be created. Besides
that, there is the need to sort out the third party certification
for the viability of RLC to be credible. As established in Law no.
12.651/2012, related to the Forest Code, which defines the exis-
of RLCs. If the government takes the initiative to regulate the mar-
ket for WEEE RLCs, it will be possible that the implementation of



5 vation

R
t
t

k
s
c
p
t
h
r
n
i
B
m
t

o
p
B
s
s
s
t
r
t

i
i
B
R
t
i
e

o
i
B
m
p
i
s
t
f
a
a
o

R

A

A

A
A

B
B

B

B

B

8 N. Caiado et al. / Resources, Conser

LC market is materialized in Brazil. It should be emphasized that
his is listed as one of the main difficulties and concerns in enabling
he RLC market by respondents.

Regarding the comparison of RLC with the carbon credit mar-
et, some stakeholders state that it is possible; however, there are
till many aspects to be developed before it becomes a reality. The
arbon credit market is well defined with clear parameters, com-
liance, controlling and auditing aspects. Besides, the creation of
he CDM was essential to guarantee the reliability of this market,
owever the Brazilian RLC market still does not have any legal appa-
atus to work, no organization to control and audit the market, and
o support from government. It can be considered a problematic

ssue, since the government will supervise the attendance of the
PSW. Furthermore, it is important to define financial issues and
echanisms of registration by SINIR to ensure the transparency in

he process.
It is important to point out the limitations of this study. The first

ne refers to the number of sampling, which was composed by peo-
le engaged in companies or institutions that deal with e-waste in
razil. Regarding this, it is important to emphasize that it is a case
tudy and, the criteria to choose the interviewed was  the repre-
entativeness and accessibility, which implies that chosen people
hould be engaged in organizations that have some importance in
he segment of e-waste and whom that participated in discussions
elated to e-waste in Brazil. Additionally, other limitation refers to
he focus in a Brazilian context.

Therefore, it is suggested that future researches study this
ssue in other developing countries, in which the context is sim-
lar, regarding the management of e-waste and players involved.
esides that, it is suggested the study of the economic feasibility of
LC market, as well the study of other mechanisms to assist enti-
ies responsible for recycling and proper disposal of WEEE. Also it is
mportant to study the creation of RLC for other categories of waste
stablished in BPSW.

The contribution of this article lies mainly in the study of RLC
f WEEE as a possibility in Brazil, as an alternative to companies
nvolved in the productive chain of EEE to meet the demands from
PSW, as this issue is not studied yet. The comparison of the RLC
arket with CDM can also provide insights for researchers and

ractitioners in order to deepen the study of mechanisms for the
mplementation of this market. Furthermore, some companies and
ectors can benefit from this study because it highlights the oppor-
unities, obstacles, ways to reward and the existence of demand
or RLCs, besides aspects related to operational feasibility and legal
pparatus for the materialization of the RLC market. This study can
lso serve as a theoretical basis for other RLC markets related to
ther categories of residues.

eferences

lamgir, M.,  Bidlingmaier, W.,  Cossu, R., 2012. Successful waste management
strategies in developing countries require meaningful involvement of the
concerned stakeholders. Waste Manage. 32 (11), 2007–2008.

ndrew, J., Kaidonis, M.A., Andrew, B., 2010. Carbon tax: challenging neoliberal
solutions to climate change. Crit. Perspect. Account. 21 (7), 611–618.

ppelbaum, A., 2002a. Europe cracks down on e-waste. IEEE Spectr., 46–51.
ppelbaum, A., 2002b. Recycling in the United States: the promised landfill. IEEE

Spectr., 47–50.
ardin, L., 1977. Análise de Conteúdo (Content analysis), 70. Ediç ões, São Paulo.
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