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Abstract

The management of Waste Electrical and Electronic Equipment (WEEE) has much scope for improvement in
almost all countries. Some legislation, such as the European Directive, aims to increase reuse, to prevent such
equipment from being recycled without being reused. In this sense, the reuse of WEEE has a huge interest from an
economic, environmental, legal, and social viewpoint. However, this has not been studied much so far. This paper
adopts a bibliometric analysis of the scholarly literature that has addressed the study of reuse of WEEE. For the
purpose, we have examined 32 papers on this topic, indexed up to 2014 in the Scopus database, and have identified
trends and opportunities related to the what, how, and where of the research in this matter.

The results show the need for further investigations on certain aspects of reuse in order to overcome the barriers
that exist in different countries. In particular, further case studies are needed in countries that practice greater reuse.
Further research is also necessary in logistics and the reasons why different economic agents do not reuse WEEE.
Besides, it is also important to understand the aspects of strategic human resource management and operation
management of reuse centers.

Keywords: Waste; Electronic equipment; Reuse; Bibliometric [8,14], the waste does not reach its rightful destination, which is an
authorized WEEE treatment plant, but are irregularly or illegally
Introduction “lost.” It is unknown where exactly this waste ends.

Paradoxically, this situation is not inconsistent with the fulfillment
of the 2003 Directive. This means that this situation could be
maintained because the law required only recycling of a certain
amount (4 kg per inhabitant per year). Nevertheless, it is expected that
not so many equipment would get lost with the new legislation in
place, because the required amount to be reused and recycled depends
on the number of the equipment placed on the market.

In recent years, there has been a growing concern about waste
electrical and electronic equipment (WEEE) management and this is
reflected in many academic case studies that elucidate how their
management is or could be in different countries, such as the United
States [1], China [2], Japan [3], Switzerland [4,5], United Kingdom [6],
Germany [7], or Spain [8].

One of the possibilities for managing electrical and electronic
equipment at the end of their lifecycle is their reuse. The European
WEEE Directive 2002/96/EC presented a hierarchy of actions for the
management of WEEE that reuse should assume priority over
recycling. According to this legislation, reuse, recycling, and recovery
targets have to be met for 10 different categories of electrical and
electronic equipment by EU member countries. However, the
Directive did not specify separately the percentage of recycling and
reuse. In fact, the need for reuse was hardly mentioned. The minimum
requirements included in the legislation suggested only recycling, and
rarely, reuse [9]. Therefore, the result of the application of this
Directive was that member countries installed only the necessary
infrastructure for recycling (e.g. in Germany [9] or in Spain [10]). In
practice, the WEEE management system operates in such a way that
the countries mainly recycle; and the reuse is rare and only by just a
few social stakeholders [11-13].

In 2012, the new Directive 2012/19/EU came into force and it was
incorporated into the national legislation in 2014. Until December 31,
2015, the collection of 4 kg per inhabitant per year of WEEE from
private households will still be required [15]. However, from 2016, the
minimum collection rate that is to be achieved is 45% of the average
weight of electrical and electronic equipment (EEE) placed on the
market by each member state in the three preceding years. From 2019,
a choice between two options is possible: either 65% of the average
weight of EEE placed on the market, or 85% of WEEE generated by the
member state. This implies that the requirements for recycling and
reuse are no longer measured as a fixed amount depending on the
number of inhabitants, but are related to the amount of products
placed on the market. This new Directive emphasizes the preparation
of WEEE for reuse [9]. As suggested by the new legislation, the
amount of WEEE to be treated is increasing, so more equipment must
enter the waste management system. In Spain, at present, there are

In some countries, such as Spain, much of the WEEE collected  some reuse plants near shutdown because they do not receive enough
(approximately 70%) goes to unauthorized and uncontrolled players to equipment. For examp]e, the company Ekorrepara is near bankrupt
be treated outside the official channels provided for this purpose, ie. because it is receiving insufficient equipment passing through its
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system. In the past, the Integrated Management Systems (IMS) used to
provide the equipment, but now, they have opted for a recycling plant
[16]. Paradoxically, the demand for second-hand EEE is exceeding the
supply [17].

There is an ongoing debate about the benefits of reuse. Some
authors argue that even intensive product reuse of EEE reduces total
resource consumption of a highly developed industrial economy by
less than 1% [18]. Some authors argue that recycling is not always
profitable [19]. But for many others, reuse may involve several
environmental and socioeconomic benefits [20], such as extending the
useful life of equipment, protecting the environment, or facilitating
access of the unemployed to jobs [18], and also facilitating the
acquisition of equipment by people with few resources. However, the
technological, economic, social, and environmental structure of the
reuse chain is largely unknown [21]. Furthermore, reuse is necessary
to facilitate compliance with the European Directive.

In the scientific literature, the management of WEEE for recycling
has been widely studied from both a logistical and a technological
point of view. However, there are considerably less studies on reuse. It
is important to know what has been done and what remains to be done
in a field with different opinions. It is still unknown how reuse may be
cost-effective and beneficial to the environment and society in a way in
which recycling can be cost-effective and beneficial to the
environment and society. In addition reuse plants need to improve
their management and relations with other economic and social actors
in order to get more equipment to repair, and thereby, improve their
results. Again, from a legislative point of view, reuse should be
increased. Due to this research need, the objective that had been
suggested was to make a review of the literature addressing what, how,
and where reuse has been researched so far, allowing us to discover
what remains to be learnt in the field of WEEE reuse. To achieve this,
we will address three key issues: (1) what is being researched, i.e., what
specific waste management activities have been studies from what
perspectives and what products category; (2) how to research, ie.,
what research methodologies are used; and (3) where has it been
investigated, i.e., which geographical areas has the work been carried
out in and in which journals are the articles disseminated? To obtain
the necessary information, we adopted a bibliometric standpoint to
analyze the scholarly literature that addresses the study of WEEE
reuse.

To do this, we analyzed the academic papers included in the Scopus
research database. The main interest of this article, as with the
majority of bibliometric studies, is that it allows the research
conducted so far to be assessed, while, at the same time, helping to
identify current weaknesses and future opportunities. Moreover,
reviews and studies of this nature help prospective researchers to
situate and contextualize their contributions to the field of study in
question [22-25].

The paper is organized into 6 sections. Section 2 describes the
methodology used in the study. Section 3, 4 and 5 focuses on
elucidating the what, how, and where, respectively, of the research into
WEEE reuse. Section 6 summarizes the main conclusions, while
singling out some of the study limitations, which, in turn, pose certain
challenges for future research.

Methodology

To conduct a systematic review of the literature, we followed
following steps: identify the field of study and period of analysis; select

information sources; and search, manage, and debug the results and
analyze them [26]. This study has centered on the scholarly
contributions published up to 2014 and indexed in the Scopus
database. The Scopus interdisciplinary database indexes more than
14,000 peer-reviewed publications. The use of a multidisciplinary
database was positive for our review because the reuse topic can be
explained from a number of different perspectives [27], such as
business, technical, environmental, or social. We noted beforehand
that some of the more representative journals in the field of
management and environment (e.g., Resources, Conservation &
Recycling, Waste Management, and Journal of Cleaner Production)
were indexed in the database. We, therefore, concluded that the
Scopus database would provide a reasonably accurate view of the
research carried out.

A search was, therefore, conducted using two keywords: “reuse” and
“WEEE,” whereby we called up all those contributions that mentioned
both the terms in any one of the registered fields in the database (title,
keywords, abstract, authors’ details, etc.). The only other restriction
was that the articles must have been published in scholarly journals
through a peer-review process. In June 2014, these criteria resulted in
overall 66 papers. Regarding the subsequent work of classifying and
ordering, each of these papers was read and analyzed by at least two
researchers independently, with the intervention of a third in case of
difference in opinions.

Largely owing to the use of such open search criteria, the process of
analysis and classification also involved a screening of the initial
sample—with 34 papers being discarded because although they
contained the keywords, the subject area was out of purview of the
study. This is explained by the fact that, for example, some of the
words appeared only in the authors’ registration details; they received
only a cursory mention in the text speaking about the legislation
targets. Some other papers used the WEEE legislation as an example
pertaining to another sector, as in the case of cars or packaging reuse.
There are some published studies related to reuse as secondary raw
materials. The final number of papers considered in this research,
therefore, was 32 (see annex 1). It is a smaller number of papers than
in other bibliometric reviews because it is a current topic with not
much available literature.

What is Being Researched?

Scope of research

According to the European Directive, reuse is defined as “any
operation by which WEEE or components thereof are used for the
same purpose for which they were conceived, including the continued
use of the equipment or components thereof which are returned to
collection points, distributors, recyclers or manufacturers” (Art. 3, d,
WEEE Directive). Reuse is one of the possibilities of WEEE
management. Therefore, for this bibliometric review, we describe the
context of the reuse as part of WEEE management. Considering the
whole system from production to waste management, we have
classified the papers according to the chosen approach, i.e., according
to the volume of items and activities considered during the analysis.

Thus, we can distinguish from the papers that take a broad
approach and consider reuse as one option among others to those that
focus exclusively on reuse. To group the papers, depending on the
scope, we suggest four possibilities: (1) Direct and reverse logistics; (2)
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Collection, reuse, recycle, disposal; (3) Reuse, recycle, disposal; and (4)
Reuse.
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Figure 1: Four possibilities to study the management of WEEE, if
reuse is included.

Some of the papers involved in this review analyze the management
of WEEE in general; others focus on specific activities such as
collection, reuse, recycling, and disposal. However, most of the
documents focus on two activities: reuse and recycling. These are the
two WEEE management alternatives after use; therefore, most of the
studies are centered on these two key options. These papers are too
general to take into account the whole supply chain, and are not so
specific as to consider only reuse; and they focus on what the
possibilities are with the devices.
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Figure 2: Distribution of papers by scope of research.

Figure 2 shows the number of items for each possibility of research.
When interpreting this graph, it must be remembered that these are
not articles on the management of WEEE in general, but only those
that include reuse.

This means that there are many papers not listed here that include
both, the direct and reverse logistics. For this reason, the fact that there
are few items in the first category, “direct and reverse logistics” does
not mean it is a topic that needs further research, but that articles on
the topic of reuse are realized in the context of reverse logistics.

It is remarkable that the first research on this topic, including reuse,
appears in 2002 [28]; however, if we look for the words “WEEE
management” in the same database (Scopus), we find papers dating
back to 1998. It has also been drawn our attention that only four
papers refer exclusively to reuse and these are concentrated mainly
between 2012 and 2014. This indicates that reuse, as an option to
reduce waste, has not received much attention on its own, but does so
only as an option linked to recycling. With the whole research activity
centered around logistics and case studies, solutions can be given in
terms of economic, social, and environmental terms. At the same time,
countries can learn from the case studies from other countries and
could provide recommendations to others. It would, therefore, be
useful to lay more emphasis on research that is exclusively on reuse.

Organizational focus

It is also important to know if the papers take an inter- or intra-
organizational focus, that is, if they focus on issues related to logistics,
transportation, or products storage, or, if instead, they address
technological topics, operations, or decisions in plants. Figure 3
groups the papers under each approach.

20
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External and External Internal
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Figure 3: Distribution of papers by organizational focus.

The results show that there is little research exclusively carried out
inside the plants. This disparity could be understood by the fact that
reparation has always been carried out in most sectors, and therefore,
does not require such an immediate technology development. In this
sense, it would not be necessary to increase research on reuse plants
technology.

However, it is important to consider that other aspects and
decisions of reuse plants, such as strategic management, marketing, or
human resources management, are not addressed in any paper. These
topics have been extensively studied in factories, but not in recycling
or reuse plants, which have some issues that differ from factories
(these were analyzed, for example, by Rogers et al. [29]).

As Kissling et al. [30,31] state, the lack of products to repair and to
put back on the market is a barrier for reuse. In addition, different
stakeholders involved in the management, such as manufacturers or
recyclers, also pose barriers.

Therefore, more knowledge and research in these areas would be
important to overcome the barriers, for example, about the proper use
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of resources and capacities of reuse plants. Another possible area of
research is the management of importing used products. Yet another
possibility would be analyzing the implications of establishing new
agreements with the stakeholders involved. However, reuse plants
have traditionally acted within local markets and such decisions may
be difficult for them.

Product category

To define the product categories, we used the 10 categories
proposed by the European Directive as the most known and used in
scientific papers. At the same time, this division includes all types of
devices: (1) Large household appliances; (2) Small household
appliances; (3) Information and Communication Technologies; (ICT);
(4) Consumer equipment; (5) Lighting equipment; (6) Electrical and
electronic tools; (7) Toys, leisure, and sports equipment; (8) Medical
devices; (9) Monitoring and control instruments; and (10) Automatic
dispensers.

The results show that most of the articles address the management
of WEEE from a general perspective (see Figure 4). This is because the
law is the same for all devices, and therefore, the design of logistics
systems that might be used by everyone should be proposed. However,
some devices have specific characteristics, such as PCs or mobile
phones, which are replaced more than others. Large appliances also
have distinctive characteristics because of their size, and so also
refrigerators, due to the special treatment of the toxic substances that
they contain.

ANWEEE ({ljLarge {2)5mall (HICT (4) Comsumer (7) Tovs
Household equipment
appliances

Figure 4: Distribution of papers by product category.

There is certainly very little research in categories such as toys—
only one paper. Toys, like other household appliances, are sometimes
unusable, but in other cases, they are discarded while they are still in
working conditions. When this happens, it would be important to
conduct further research to improve the resale market within our own
country or in foreign countries.

The other products and categories, such as lighting equipment,
electrical and electronic tools, medical devices, monitoring and control
instruments, automatic dispensers, for which there is no article, are
basically very specific non-domestic use equipment pertaining to a
specific profession. It can be expected that they will be replaced by
modern technology when they stop working properly with the new
ones. It would make sense to analyze the suitability of the export of
these products to countries lagging behind in the technology. On the

other hand, from the social point of view, investment in reuse plants
would be beneficial to developing countries.

As for papers dealing exclusively with reuse, they are related to all
WEEE in general, including ICT and large household appliances.
Therefore, there is no difference from other papers with a wider scope.

How Reuse is Investigated?

Methodological approaches

As reuse can be studied from any branch of study, such as
management, engineering, production management, sociology, or law,
we have classified the papers into two major generic methods:
theoretical and empirical. Under the theoretical method, we have
included those dealing with the legislation status, waste management
in a specific country, or a management model. The papers, which
incorporate the development of mathematical models or conduct
interviews with consumers or stakeholders, are included in the
empirical category. Papers with a cost-benefit analysis with the
amounts of discarded products and others with software development
for information management are also included in the empirical
section.

The results show that the number of items in each method is
comparable (Figure 5): 13 theoretical work papers and 19 empirical.
This highlights that it is not only necessary to develop mathematical
models and calculate the most efficient logistics systems to properly
manage waste, it is also important to be familiar with case studies
about how other countries apply the law, the role of each stakeholder,
and the relationships between them.

20
M software
15 development
m cost-analysis
10
5 M Interview/survey
0 H matematical
Empirical Theoretical model
(descriptive)

Figure 5: Distribution of papers by methodological approach.

Among the 19 empirical papers, 8 use mathematical models, 8
include interviews, 2 perform cost analysis, and the last one develops
software. Regarding the overall waste management or WEEE recycling
topics, some software applications have been developed to know the
waste stream (e.g., Ofiraee is a Spanish virtual office that receives the
request to collect the WEEE from collection points and notifies the
Integrated Management Systems). It would be interesting to develop
software tools to centralize information about the status of obsolete
equipment, connecting the collection points with the reuse plants.

Disciplinary perspective

The subject of WEEE management, in general, and reuse, in
particular, can be studied from different disciplines and different
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points of views. On the one hand, if the equipment is reused, it takes
longer to be a waste product, which affects the environment. On the
other hand, it is a requirement of the legislation. Finally, it is necessary
to know the role of the agents involved and to calculate the most
suitable logistics and their costs. Due to the need to consider all these
perspectives of reuse, we have distinguished four points of view: (1)
economic, (2) social, (3) environmental, and (4) legislative.

Figure 6: Number of papers for each perspective.

Even though the legislative perspective appears less frequently
(Figure 6), we should always be aware that compliance with the
legislation is an underlying factor in most of the literature on this
topic. This is evidenced by the significant increase of scientific papers
directly or indirectly arising from the entry into force of new
legislations such as the European Directive.

Whatever the focus of the papers, the underlying issue is how best
to manage waste. However, since the producer is financially
responsible for waste management in many countries, it would be
interesting to also investigate the management of waste from the point
of view of strategic management or business management, and not just
from the point of view of waste management.

Where has it been Investigated?

Geographic scope of research

The results obtained according to the geographical scope of
research are presented in Figure 7.

Some papers analyze waste management in several countries. In
such cases, we have added each country involved in the graph. What
we wanted to know was which countries participate and which do not.
Most of the papers under examination belong to Europe and Asia.
Some of them are centered in specific cities, but others are about the
whole country. There are some other papers from major geographical
areas such as Latin America or North America. The reason why there
is a lot of research in Europe may be because the European Directive
requires some changes and the researchers want to know how they
could bring about these changes. In the case of Asia, there is a problem
with importing products and informal waste management systems.
Researchers try to raise these relevant issues.
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Figure 7: Distribution of papers by countries.

Of particular interest is the low number of papers dealing with
North America and Africa, as in both continents, research about the
increase of reuse would be extremely important: In the case of
America, it is a country that traditionally exports WEEE to other
countries. Instead of exporting, the environmental, social, and
economic benefits could be analyzed, repairing WEEE and promoting
the market for second-hand goods or even repairing and exporting.
Africa could also consider equipment reuse.

Journals where the articles are published

Figure 8 shows the graph with a list of all the journals involved in
this review.
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Figure 8: Distribution of papers by journal.

The reuse topic is researched from an environmental, engineering,
or business point of view. This is reflected in the fact that most
journals that publish articles on this subject are concerned about waste
management and resource conservation: Waste Management (7
papers); Resources, Conservation and Recycling (6 papers); Waste
Management and Research (4 papers). The remaining items are
divided into one or two papers per journal (environment, technology,
or industry journals).

Although it is true that reuse may favor the environment, and that
logistics management and process improvements are needed, it is also
true that other journals could research reuse in a multidisciplinary
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way, such as with human resources or sociology, as there are social
enterprises dedicated to reuse too. Strategic management journals
could also contribute much to this topic.

Conclusions

After answering the questions what, how, and where, the work has
highlighted, on the one hand, existing reuse barriers, and on the other,
the need for further research. Therefore, for each barrier to reuse, we
propose more intense research in the area. Some specific issues that we
could not answer after our analysis are:

« Some studies analyze the barriers of reuse in different geographic
areas (e.g., [31] in Africa, Latin America, North America, and
Europe), but it is important to analyze it in each country through
case studies. As numerous case studies on WEEE recycling have
been published, reuse could also be likewise analyzed. Thus, some
countries could learn from the experience of others to overcome
their barriers. It is important to conduct these case studies in
developing countries too, since they are the recipients of numerous
obsolete equipment from other countries.

e The second research topic could help overcome the most
important reuse barriers, ie., the lack of access to sufficient
volumes of equipment used for different reasons [30,31]. It is
necessary to study the reasons from the point of view of
consumers, retailers, and manufacturers. It is possible that new
contracts between companies or government aid could improve
this situation.

o According to the results of our analysis, the issue of reuse is treated
mainly from a technical and environmental point of view.
However, to enhance the number of equipment obtained from
reuse plants, there are certain aspects of the plant’s decision-
making process that could be improved. Therefore, we conclude
that further research is necessary from the point of view of
business management, strategic management, and human
resources.

o For WEEE recycling, logistics systems have been developed in all
countries and there are new operators, such as virtual office
registration to register the number of equipment or Integrated
Management Systems. In the same way, it is important to research
the same as related to reuse. Logistics costs are also a barrier to
reuse [30,31].

We can conclude that there are few studies on reuse and increasing
the numbers could contribute to understanding how reuse is dealt in
different countries and how to improve this activity. As a conclusion
of the whole analysis, we can say that if reuse is not studied exclusively,
there is a risk of considering it as a marginal activity.

This work is not without its limitations—which can lead to new
research opportunities. We have used only one “database.” It would be
interesting to use other databases, which may slightly increase the
number of items that can be considered.
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