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Abstract: Nowadays, management of electrical and electronic equipment (EEE) and the related waste
electrical and electronic equipment (WEEE) is a growing concern around the world and clearly an open
issue to tackle in order to move towards a more circular economy. The goal of this review paper is to
analyze and summarize research conducted exploring behaviors connected with purchases, extension
of useful life, and management of end of life of electrical and electronic equipment. The results
highlight several research exploring the determinants of WEEE recycling behavior, also in relation
with different practices (e.g., online recycling); on the other hand other typologies of behaviors
are less analyzed in the literature (e.g., purchase of used EEE products, donation of EEE products,
participation in WEEE takeback activities established by firm operating in this sector, etc.). Moreover,
the results suggest that the theoretical model adopted in many studies reveals its usefulness to predict
the determinist of such circular consumer’s behavior in relation to the purchase, extension of life,
and end of life management of electrical and electronic products; however, in many cases, additional
variables are needed to fully explain the behavior.

Keywords: circular economy; electrical and electronic products; e-waste; WEEE; consumer behavior;
extension of life; end of life management; extended producer responsibility

1. Introduction

Nowadays, the traditional “take–make–dispose” model is currently questioned by the new paradigm
of circular economy. During the last years, indeed, the urgent need to embrace new approaches able
to minimize waste production and at the same time optimize resources and material consumption in
order to maintain their value for as long as possible has been stressed [1]. More sustainable methods
of consuming and managing materials and resources are becoming increasingly important on a global
scale [2]. In such a context, the management of electrical and electronic equipment (EEE) and the related
waste electrical and electronic equipment (WEEE) is a growing concern around the world and clearly an
open issue to tackle in order to move towards a more circular economy.

In the last 20 years, with technological advances, industries have moved towards greater automation,
which has increased the use of electrical and electronic equipment. At the same time, electrical and
electronic products have become commonplace in the daily life of an average consumer. The development
of advanced, faster, and more reliable processing and processing technologies has led to a reduction
in the product life cycle, prompting consumers to purchase increasingly current products in terms of
technology and performance, sending obsolete products for disposal. All these developments have in
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turn led to an exponential increase in the generation of electronic waste. According to Balde et al. [3], the
per capita average of electronic waste generated by people around the world in 2014 was approximately
5.9 kg per capita.

In Europe, waste electrical and electronic equipment (WEEE) is currently considered one of the
fastest growing waste streams, with an increase of approximately 3–5% per annum. This growth rate is
approximately three times faster than other waste streams [4]. In 2016, from the latest data available
through Eurostat, the input for consumption of electrical and electronic equipment was equal to 18.4 kg
per capita while the production of WEEE was equal to approximately 8.7 kg per capita. It is clear that,
in a constantly growing system of placement on the market and generation of waste, the role of the
consumer in relation to the dynamics of purchase, extension of life, and recycling of electrical and
electronic products is of utmost importance.

The relevance of such an issue has been also remarked by the recent “Circular Economy Action
Plan” presented by the European Commission during the first months of 2020. More in detail, the
commission will soon present a “Circular Electronics Initiative” to tackle such a problem that will
include, among others, actions concerning: (I) implementation of the “right to repair”, including a right
to update obsolete software to foster reparation of electric and electronic equipment from consumers,
and (II) implementation of an EU-wide take back scheme to foster consumers to return or sell back old
mobile phones and tablets [5].

As presented above, consumer behaviors in fact might influence the volume of new products
released for consumption (i.e., behaviors to avoid the purchase of unnecessary products and behaviors
that lead to the extension of the useful life of the products in use, avoiding the purchase of new ones),
acting as well as a stimulus for companies to incorporate eco-design principles (e.g., behaviors that
prefer products with recycled, durable/easily repairable materials). Consumer behavior also determines
the management dynamics of the end of life of electrical and electronic products. For example, these
can create uncertainty regarding the volumes of waste available both in collective collection systems
in the context of the dynamics of extended producer responsibility [6] and in the case of companies
that intend to create closed supply chains by activating take-back processes. In fact, consumers who
use appliances longer lead to a reduction in WEEE generated. The same applies to all those waste
reduction behaviors such as sale and/or donation of used products. Table 1 presents some examples of
sustainable behavior in relation to the purchase, use, and end-of-life management of electrical and
electronic products.

Table 1. Some examples of sustainable behaviors in relation to electrical and electronic products.

Purchase Behavior Life Extension Behavior Recycling Behavior Tack-Back Participation Behavior

Avoid purchasing
unnecessary products

Sale and/or donation of
electrical and electronic

equipment still functioning

Recycling of electrical
and electronic products

Participation in the return of end-of-life
products through take-back initiatives

offered by companies

Selection of products: e.g., made
from recyclable materials, more

durable/easily repairable products,
energy-efficient products, and
certified products like Ecolabel

Extension of product
lifetime through reuse and

repair activities

Purchase of used and/or
refurbished products

The goal of this review paper is to analyze and summarize research conducted exploring the
four types of behaviors (Table 1): purchases, extension of useful life, and management of end of life
of electrical and electronic equipment. Many researchers explored those behavior in relation to EEE
or WEEE, trying to show the relationships between environmentally sensitive behaviors and other
variables achieving different results [7–11]. Such research empirically shows relationships which
involve not only sociopsychological variables but also sociodemographic variables, situational factors,
costs, and the commitment required for a given behavior. Sometimes, the results of those research
show a consistent trend in the relationship between a given variable and a behavior, and the aim of
this paper is to underline those aspects.
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This paper is structured as follows. Firstly, we present a short section providing an overview
of variables that can influence sustainable behaviors and the main theoretical frameworks adopted
in research exploring the determinants of consumer behaviors. We then present the methodological
process adopted in selecting the papers to be analyzed; the following section introduces and comments
on some of the most relevant work related to purchases, extension of useful life, and management
of end of life of electrical and electronic equipment. Finally, the last section provides conclusions,
limitations of the research, and future research avenues.

2. Theoretical Background: Variables That Can Influence Sustainable Behaviors

Various studies have analyzed what may be the determinants of sustainable behavior in general.
A wide range of studies use psychological factors to understand how a behavior originates.

Among the psychological factors, attitude to behavior is an important key factor. Thurstone [12]
(p. 531), one of the first to define it, described behavioral attitude as “the sum total of a man’s
inclinations and feelings, prejudices, preconceived notions, ideas, fears, threats and beliefs on any
specific subject”. Thurstone [12] immediately underlined that attitudes are multifaceted; such an aspect
was then supported by other researchers noticing a variety of relevant attitudinal properties. Katz
and Stotland [13], for instance, described attitudes composed of three types of evaluative responses:
cognitive, affective, and behavioral. According to the authors, cognitive response is based on the
knowledge or information, the affective response is based on the feelings, while the behavioral response
reflects how attitude affects the way a subject acts or behaves. Other scholars distinguished among the
underlying functions of attitudes [14]. Thus, social scientists have long recognized the importance of
attitude in determining a behavior.

Norms are also considered one of the important factors in determining people’s behaviors among
psychological variables. The basic categorization of norms distinguishes social norms and personal
norms [15]. Although the definition of social norms is not uniform, they can be considered the
behavioral standards shared by a group or a society. The subjective norm is the subjective perception
of social norms and is defined as the perception of expectation by others. Finally, when a social norm is
internalized, a personal norm is formed. Personal norms can be internalized moral rules, considered
the perception of the correctness or incorrectness of a certain behavior [15].

Perceived behavioral control is another psychological factor often analyzed when determining
sustainable behaviors generally understood; it represents the perception that a subject has of being able
to carry out the desired behavior. The perceived behavioral control is, with respect to real control, a
proxy that is an indirect measure of this and concerns exclusively what is the subjective perception but
not the individual’s effective control over behavior. Previous research underlined that a higher level of
perceived control should increase the positive attitude towards pro-environmental behavior [16].

Finally, among the most important psychological variables, there is also behavioral intention,
which represents the ability of a person to perform a certain behavior.

In many research, psychological variables are related to each other to explain the origin of a
behavior. One of the most famous theories, for example, is that of planned behavior—Theory of
planned behavior (TPB)—by Ajzen [17], which establishes a theoretical link between the concept of
beliefs and evaluation criteria to explain behavior. This theory is often used as a theoretical foundation
to explain some sustainable behaviors. The model formalizes the assumption that the anticipated
satisfaction of an environmentally sustainable behavior and, consequently, its implementation are based
on beliefs relating to the perceived benefits of this. Following this logic, environmentally sustainable
behaviors are based on beliefs; personal, altruistic, and/or perceived environmental benefits; and the
positive consequences associated with these types of behavior.

Specifically, the TPB is summarized in Figure 1, where it is clear how a behavior is influenced by
the intention, which in turn is influenced by the attitudes to a certain type of behavior, by subjective
norms, and by the perception of behavior control.
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Figure 1. Theory of planned behavior.

In many studies, sociodemographic aspects are also considered variables that can directly influence
consumer behaviors and have indirect effects on these behaviors through influences on psychological
factors. The sociodemographic aspects generally analyzed include gender, age, educational qualification,
and annual income. Kurisu [18] examined several researches on the relationships between sustainable
behaviors and sociodemographic aspects. However, there is no consistent trend between these. First, the
influence of sociodemographic aspects varies according to time, social situation, and reference behavior
and secondly, it has also been pointed out by many studies that the ability to explain environmentally
sustainable behavior through sociodemographic variables is quite limited [19,20].

In some studies, factors related to costs are also considered [18], which can represent both an
inhibiting factor for certain behaviors and a driving force. Consider, for example, the purchasing
behavior of sustainable products that may have a higher price than other similar products or, on the
contrary, the purchasing behavior of an energy efficient product capable of reducing costs during the
use of a product. In addition to the monetary cost, other costs also fall into this category of variables,
such as the time and effort required to maintain a certain behavior [21]. An example in the field under
investigation might be related to the time needed to separate and dispose of an electrical and electronic
product at the end of its life in the appropriate recycling facilities or to return it to a retailer who
collects it.

There is another type of variable generally analyzed among the determinants behind sustainable
behavior. Knowledge is a necessary but not always fundamental condition in behavior [22]. In fact, if a
subject does not possess sufficient knowledge of a certain behavior and its impacts, they will not be
able to implement it; however, even if a subject possesses sufficient knowledge of a behavior, it is not
certain that they always adopt it. For instance, Oskamp et al. [23] found that a general knowledge of
conservation was a significant variable in influencing environmentally responsible behavior in north
American citizens.

Another type of variable related to environmentally sustainable behavior is the personality of the
individual. For example, Rotter [24] proposes the “locus of control” as a measure of personality that
expresses how much an individual believes that results depend on their own actions. The “locus of
control” is a double concept, consisting of an “external control” and an “internal control”. The belief
that events can be controlled by external parties is a belief of external control. On the contrary, the
belief that events can be guided by the behavior of the individual is a belief in internal control.

Finally, in addition to the factors previously presented, there are also situational factors such as
the presence of facilities to carry out separate collection or the availability of certain products on the
market [25]. For example, in the case of the purchase of a product, availability is an important situational
factor. No matter how willing a user is to buy a modular smartphone, this is unlikely to happen if
such a product is not available in the target market and therefore must be bought on another market.
Situational factors also include those linked to incentives provided by institutions and/or companies for
particular behaviors [26]. For instance, companies that have initiated trade-in mechanisms for end-of-life
products can substantially affect the behavior of end-of-life management users of their products.
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3. Methodology

To provide some practical examples of behaviors, some evidences gathered from previous research
on the subject are presented in the following sections of the paper. The research was based on
the scientific literature identified by keywords. More in detail, the investigation was conducted
from selection of relevant publications through keywords such as “EEE”, “Electrical and Electronic
Equipment”, “WEEE”, or “Waste Electrical and Electronic Equipment” together with key words like
“behaviour” or “behavior” and keywords like “purchase” or “repair”, or “recycling”, etc. Boolean
operators were used to specify the research that was conducted through the Scopus search engine.
Then, we decided to retain just papers accepted in peer review journals and to reject contributions
such as working paper, conference papers, and book chapters. By doing so, as suggested by Light and
Pillemer [27], we improved consistently the quality of our analysis.

In order to refine the dataset and to filter from potential articles that were too generic, a systematic
review of titles and abstracts was conducted. After this final filtering procedure, 36 papers were
identified for dealing with the purchase, extension of life, and end of life management of electrical and
electronic products. Those papers are presented in Table 2.

Table 2. Papers dealing with the purchase, extension of life, and end of life management of electrical
and electronic products.

Sustainable Purchase Behavior Life Extension Behavior Recycling Behavior Tack-Back Participation Behavior

Saphores et al. [28]; Young et al. [7];
Hassan & Nor [8]; Pérez-Belis et al.

[29]; Danish et al. [30].

Gutiérrez et al. [31];
Lilley et al. [32]; Hennies

& Stamminger [33];
Pérez-Belis et al. [34];

Bovea et al. [35].

Darby & Obara [36]; Wang et al. [37]; Li et
al. [38]; Chi et al. [39]; Pérez-Belis et al. [40];

Ylä-Mella et al. [9]; Nowakowski [10];
Bovea et al. [41]; Nowakowski [42];

Shevchenko et al. [43]; Wang et al. [44];
Kumar [45], Borthakur & Govind [46]; Park
et al. [47]; Kurisu et al. [48]; Mansuy et al.

[49]; Hamdan & Saidan [50]; Ardi et al. [36];
Huang et al. [51]; Delcea et al. [52].

Manomaivibool & Vassanadumrongdee
[53]; Sabbaghi et al. [54]; Botelho et al.
[55]; Budijati et al. [56]; Kianpour et al.

[57]; Kumar [58].

The identified and collected studies were then analyzed with the aim of searching for relationships
and performing cross-case analyzes. After a review of the papers identified, a selection of those based
on the impact in the academic field (citations based) has been presented in the following paragraphs.
In particular, to draw a picture of the four behaviors mentioned above, the following paragraphs focus
first on generic models that explain the purchasing behavior, extension of useful life, and management
of end of life in several categories of consumer goods and then present models relating to electrical
and electronic products.

4. Results

4.1. Determinants and Models for Sustainable Purchasing Behavior in the Electrical and Electronic
Products Sector

Ecologically sustainable or “green” purchasing decisions in the daily behavior of consumers offer
the possibility of reducing the environmental impact by replacing high-impact products. On the general
theme of sustainable purchases, there is a great deal of research conducted in recent years. Joshi and
Rahman [59] examine 53 empirical research published from 2000 to 2014, identifying various prevailing
reasons, facilitators, or obstacles which influence the purchasing decision-making process towards
green products. As the results show, environmental concerns, product characteristics, environmental
knowledge, and subjective norms emerge as the main drivers, while high price, low availability, and
lack of consumer confidence in green products emerge as the main barriers to purchase.

One of the most important research, conducted by Moser [60], uses the theory of planned behavior
(TPB) as a theoretical framework for identifying the main antecedents of the behavior of purchasing
sustainable products. In order to draw an overall picture of sustainable consumption, the author
examines the purchasing behavior of several categories of consumer goods. The study takes into
consideration the essential components of the TPB. However, in contrast to common interpretations
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of constructs, norms are not conceptualized as social norms but as personal norms, while perceived
behavioral control is not interpreted generally but explicitly as willingness to pay—Willingness to Pay
(WTP)—for sustainable products. Moser [60] concludes that WTP is the strongest predictor of green
shopping behavior, followed by personal norms. The impact of the attitude to behavior from the study
he conducted is instead not significant (Figure 2). According to these results, consumers need to be
aware that their consumption behavior can make a difference. They also need to evaluate the benefits
of green products and to understand why they are priced higher.
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As presented in Table 2, there are also more specific research that analyze purchasing dynamics of
electrical and electronic products. The one produced by Saphores et al. [28] is a relevant example in
the field; indeed, the author examines the propensity to buy for sustainable electronics of Californian
families. In the analysis conducted by the researchers, significant predictors of the purchase of more
sustainable computers and phones include age, income, education level, willingness to pay, as well as
beliefs about the role of government to improve environmental quality. However, according to the
results of the study, willingness to pay for sustainable electrical and electronic products is relatively low,
resulting in consumers being willing to pay only 1% more than for a traditional product. Only young
adults, i.e., under 36, are willing to pay 5% to 10% more for sustainable smartphones. According to
these results, therefore, it would seem that consumers expect manufacturers to innovate to make their
products more environmentally friendly without significantly increasing prices. The low willingness to
pay for sustainable electronics may also be caused by a further variable not investigated in this study
but considered in others. Environmental knowledge in this context can be translated, for example, as
poor knowledge of the toxicity of electronic waste.

Hassan and Nor [8] introduced aspects related to knowledge of environmental problems and
the impact of products on the environment in the analysis of determinants of sustainable purchasing
behavior towards electrical and electronic products. Knowledge of a problem significantly affects
the decision-making process even in the purchasing phase. In this case, knowledge of the lower
impacts of sustainable products both on the environment and therefore also on human health are in fact
significant losers of purchasing behavior. Therefore, to guide lasting and significant changes in behavior,
environmental values must also be developed through education by making the consumer understand
how to develop approaches for sustainable products, how to interpret information, and on which
additional criteria to base their decisions. However, knowledge does not always translate into sustainable
environmental behavior, an aspect that is true for many types of consumption and for electronics [7].
In fact, it is important to mention the so-called “attitude-behavior gap” underlined in various research [61]
according to which, although consumers report that they are aware of and are very worried about
environmental issues, they then struggle to translate this concern into sustainable purchases.

Finally, also the study conducted by [7] provides an interesting overview of behaviors related
to the purchase of electrical and electronic products. The authors analyze the purchasing process in
relation to sustainable technology products in the UK, adding another variable of interest. In this case,
in fact, the situational variables are also analyzed as predictors of sustainable consumption. The results
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show that every purchase, especially of large electronic equipment such as ovens, refrigerators, etc., is
strongly linked to situational factors such as moving and is therefore is also connected to the presence
of resellers of sustainable products in a neighboring area.

As presented above, while there is some research dealing with the selection of sustainable
electronics products (e.g., made from recyclable materials, more durable/easily repairable products,
energy efficient products, etc.), research dealing with behavior related to avoidance of purchasing
unnecessary electronics products or substituting prematurely their electronics seems completely
missing at present time. Still, our analysis underlines the paucity of research dealing with purchase of
used and refurbished electronic products.

4.2. Determinants and Models for Life Extension Behaviors of Electrical and Electronic Products

At the basis of the behavior related to extension of the useful life of a product is those that,
in the literature, are more generically defined as waste prevention behaviors. As reported by the
European Commission [62] in the guidance document for the preparation of waste prevention programs,
prevention also includes “actions that can be taken once a product reaches the end of its life cycle: rather
than discarding the product, the end user prevents the formation of waste by considering options such
as reuse and repair” (p.7). Tonglet et al. [63], with one of the first research on the subject, identified two
variants of waste prevention behavior:

1. prevention at the time of purchase, which includes behaviors in choosing products that produce
less waste (for example, products with excessive packaging or disposable products) and

2. prevention during the useful life of the product through repair or reuse behavior rather than
replacement of the same.

While the first variant is very unlikely for electrical and electronic products, the second is considered
relevant. For this reason, only the results and considerations arising from the latter type of behavior are
reported below. To understand what are the determinants of repair or reuse behavior, Tonglet et al. [63]
also used a TPB framework, investigating not only the generally expected variables (attitudes, norms,
and perception of behavioral control) but also others such as the economic convenience of behavior,
situational factors, concern for the community, etc. The results that emerged in the study by Tonglet
et al. [63] are summarized in Figure 3.Sustainability 2020, 12, x FOR PEER REVIEW 8 of 17 
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As can be seen from Figure 4, the study shows how repair and reuse behaviors are more likely to
be undertaken by subjects more inclined to worry about environmental issues and the impact of waste
on the environment and the community. It should also be mentioned that factors such as individual
economic convenience are relevant.
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Bortoleto et al. [64] built a model to explain general waste prevention behavior based on both the
TPB and models that other researchers tested on recycling behaviors. As shown in Figure 4, the model
shows how perception of behavior control and personal norms are the most significant determinants for
explaining waste prevention behavior. Unlike the general model of the TPB, the insignificant influence
of subjective norms can be explained as the non-visibility of waste prevention behaviors that are usually
conducted inside homes (e.g., repair actions) and therefore not subject to judgment of others.

Also, in this case, as presented in Table 2, there are more specific studies in relation to extending
the useful life of the electrical and electronic product through repair or reuse. For example, Pérez-Belis
et al. [29] presented a survey to identify current habits and practices regarding the repair of small
electrical and electronic equipment among Spanish consumers with the aim of singling out the profile of
those more or less prone to this behavior. Specifically, the behaviors analyzed relate to the replacement
of product parts, the repair of the same, and the purchase of small electrical and electronic products
used. The results of the study show that Spanish consumers use small household electrical and
electronic appliances for an average of 6.25 years. Only 9% of respondents have never repaired these
products, while less than 1% buy second-hand products. The analysis of the relationship between
consumer attitudes and the main socioeconomic variables shows that gender and age are fundamental
determinants of these behaviors. Specifically, older female consumers are more likely to carry out
repairs to small household electrical and electronic equipment to extend their life, while older male
consumers with average household incomes are more likely to purchase second-hand products.

The study by Bovea et al. [35] adds another level of analysis. The authors indeed examine the
behavior related to repair of small household equipment (i.e., vacuum cleaner, juicers, irons, toasters,
coffee makers, blenders, etc.) in relation to the variable of perception of the cost of repair. The results
of the study, conducted in Spain, show how the variable perception of cost is inversely correlated with
the repair behavior. Moreover, the study reported that almost 80% of the reference sample believes
that the repair is not worth it given the often almost equivalent price of a new equipment. The authors
investigated as well another variable in relation to the repair behavior: the perception of the safety of
the repaired equipment. Also in this case, such a variable was inversely correlated to repair behavior.

Finally, another study worth mentioning was conducted by Lilley et al. [32]. The authors focused
explicitly on self-repair behavior of small household equipment grounding on a survey administered
to UK citizens. The research explored additional variable of interest such as personal satisfaction in
self-repairing and easily accessible written information as a determinant of the behavior. According to
the results of this study, self-repair behaviors would in fact be positively influenced by the sense of
reward and personal satisfaction that a user can find in the technical challenge related to self-repair.
Also, the availability of written information was found for a variable positively influencing self-repair
behavior. Finally, the authors, unlike the previous study, reported that the economic variable linked to
the purchase of the new product is significant in predicting the self-repair behavior, making the users
lean towards the latter activity.

Some general considerations can be done with regards to the research produced in relation to life
extension behaviors directly dealing with electrical and electronic products. Indeed, while there is
some research dealing with repairing/or self-repairing electronics products, our analysis underlines the
paucity of research dealing with sale and donation of electrical and electronic still functioning.
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4.3. Determinants for Recycling Electrical and Electronic Waste

Also, in this case, firstly, we present some general studies exploring the recycling behavior and
then we move to present some more specific research explicitly dealing with the recycling of WEEE. The
work of Oskamp et al. [23] represents one of the first studies on the topic of waste recycling behavior in
its general meaning. To investigate the factors that encourage recycling behavior, the authors examined
different types of variables such as

• demographic variables: age, education, income, children, type of home, and ownership of the home;
• variables of knowledge of the state of environmental conservation;
• ecological attitudinal variables, awareness of environmental problems, personal motivation,

participation in community life, the feeling of effectiveness of one’s environmental behavior, and
awareness of the importance of recycling; and

• behavioral variables such as past behavior related to recycling and recycling behavior of friends
and neighbors.

The study results underline that most demographic variables do not predict recycling behavior;
only ownership of the house and level of education showed positive correlations with recycling
behavior. Indeed, those owning their own house and those with a higher education level were found
more willing to participate in recycling activities.

The study also highlights how ecological attitudes, personal motivations, awareness of environmental
problems, and the recycling behavior of friends and neighbors are the main drivers.

Another major study which seeks to understand the drivers that lead an individual to recycle
waste is that of Barr et al. [65]. The analysis used a conceptual framework of environmental behavior
previously developed by Barr et al. [66] on the relationship between environmental values, situational
factors, and psychological variables and the declared intention to act with respect to waste management.
The conceptual framework described is shown in Figure 5.
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Unlike the studies cited above, it can be noted that, in this case, not only the intentions and
variables of a psychological nature but also some situational factors that refer to the availability of
door-to-door separate collection systems are taken into consideration. The results of the analysis by
Barr et al. [65] are shown in Figure 6, which depicts that the recycling behavior is determined not only
by the willingness to recycle but also by the knowledge of what can be recycled and by the commitment
and infrastructural presence of a door-to-door collection method. The knowledge of what can be
recycled and the presence of a door-to-door collection system represent procedural knowledge and a
situational factor, respectively, both of which are fundamental for determining recycling behavior.

Also, in this case, there are also specific examples of models that analyze waste recycling behaviors
from electrical and electronic equipment.

Darby and Obara [36] analyzed the domestic recycling behavior towards small electrical and
electronic equipment. In this case, the variables that are taken into consideration are different and
refer to both demographic and psychological variables. Specifically, the research shows that there is a
substantial lack of awareness about the correct management of this waste, demonstrated by the fact
that most of the samples do not consider knowing how such waste is sent for recovery or disposal
to be important. This lack of awareness inhibits recycling behavior. Research shows that this lack of
awareness is less relevant when it comes to large electrical and electronic equipment. Greater sensitivity
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is demonstrated by the fact that the investigated sample was able to provide adequate details to correctly
identify the methods of disposal of such waste based on specific past events (e.g., house removals,
house renovations, etc.). In addition to the aspect linked to awareness, the researchers underline that
there is a substantial difference in behavior regarding the annual income of families. Families with
lower income would be less prone to recycling of small WEEEs. The authors justify this information
with the difficulty of accessing means of transport, such as owned cars, as the collection centers where
these WEEEs are delivered are usually located in areas adjacent to inhabited centers. Finally, the last
significant determinant presented in the study is the attitude to recycling in general. In fact, the attitude
of recycling other types of household waste, such as packaging, impacts the way in which small WEEEs
are disposed of. Interpretations of the significance of this variable are to be found in the fact that users
who recycle other waste streams on a regular basis usually visit the collection centers with the intention
of disposing of small WEEEs, considering that a large part of them is sent for recycling. Secondly, this
variable may indicate a “spill-over” effect, whereby the recycling behavior of other waste streams has
led to a change in overall behavior also on the management of small-sized WEEEs.
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Difficulty in accessing collection centers is also a significant variable in the study by Ylä-Mella
et al. [9] who analyzed consumer awareness and behavior towards cell phone recycling in Finland.
The authors, on the basis of the survey carried out, underlined that the current methods and regional
WEEE collection infrastructures are relatively known to residents and that they also have a good
awareness of the environmental benefits associated with WEEE recycling activities. However, only half
of the respondents in the sample indicated that they chose to recycle such waste, preferring to store
it in homes, as the proximity and convenience of the current system are not sufficient to justify the
recycle startup behavior. In this context, it is therefore the situational variables linked to the collection
system that prevent awareness from translating into actual behavior.

As access to collection centers represents a significant aspect in determining WEEE collection all
over the world, in some countries, new approaches to recycling are emerging. Online recycling is a
new modality of recycling WEEE that is emerging in China [67]. Online recycling is a new method for
collecting WEEE to be recycled whereby residents use an Internet-based platform to book the collection
of their waste. Some recent research exploring WEEE recycling behaviors focus explicitly on online
recycling. For instance, Wang et al. [44] adopted a theoretical framework grounding on the TPB to
explore Chinese residents’ willingness to be involved in WEEE online recycling. Their results (Figure 7)
show that perceived behavioral control, subjective norms, attitudes, economic motivation, education,
and income have significantly positive impacts on the willingness to online recycle. Moreover, the
author tested whether the income of residents moderates the role of economic motivation in residents’
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willingness to take part in WEEE online recycling and if the level of education moderates the effect
of subjective norms on the behavior. Their results show that residents with higher incomes are less
interested in the economic benefits of participating in online recycling and that education level does
not have a moderating effect on willingness to participate in WEEE online recycling.
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4.4. Determinants for Participation Behavior in Tack-Back Initiatives

Finally, it is also necessary to mention the behavior of participating in take-back schemes that
several companies are setting up during the last years. More in detail, take-back are initiatives
organized by a producer to collect used products or products reaching their end of life from consumers
and to reintroduce them to the original processing and manufacturing cycle. Generally, a company
may implement this initiative in collaboration with end-of-life logistics or with a material processing
company [68].

Scientific contributions emerging on this type of end-of-life WEEE management behavior are
relatively less in comparison to the WEEE recycling behavior presented in Table 2. Motivation might be
related to the fact that take-back initiatives are relatively new kind of initiatives [69] and to the fact that
there might be substantial barriers for companies to implement such activities [70]. It is also interesting
to notice that almost all the scientific contributions exploring consumer behavior in relation to the
participation in take-back initiatives deal with used EEEs or WEEEs as those represent the products
with the highest value to recover with a take-back process [71].

An example of the study conducted in this field is the one authored by Kianpour et al. [57].
The authors explored factors that influence consumer behavior in returning electronic products at the
end of their life through voluntary take-back initiatives established by private companies in Malaysia.
Also, in this case, the authors, as shown in Figure 8, used a modified version of the TPB to investigate
the user’s participation in voluntary take-back initiatives implemented by manufacturing companies.

The results show that consumer perception of the risk associated with end-of-life electronic
products, consumer knowledge, and the related benefits associated with reuse, repair, and recycling
can influence consumer behavior by incentivizing them to return end-of-life products in take-back
initiatives activated directly by producers. Furthermore, the results of the study confirm that both the
way in which companies collect their electronic products at the end of their life in terms of accessibility
and the information made available can influence the user’s perception of behavioral control and how
this affects the behavior of participation in take-back initiatives.

Another research in this field has been carried out by Botelho et al. [55] with the aim to determine
the determinants of consumers’ behavior in relation to five incentive schemes for the take-back of waste
electrical and electronic equipment in Portugal. The authors, without adopting a specific theoretical
framework, analyzed the sociodemographic factors that significantly influence consumer behavior in
the take-back initiatives and the additional motivations influencing such behavior. The results denote
that the lack of awareness of consumers about the process of take-back established by companies is a
significant variable negatively influencing participation behavior. It is interesting to notice that whether
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the take-back scheme is in place with an “exchange for money” or “coupon discount” agreement,
monthly income exerts a negative influence on the likelihood of consumers’ participation. On the other
hand, the education level of the consumer positively influences the likelihood of participation if a “tax
benefit” agreement kind of incentive is in place in the scheme. All in all, authors underline the fact
that, in Portugal, the adoption of such kinds of initiatives related to WEEEs is still in its infancy, like in
many other countries.
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5. Conclusions

This review article analyzes the four types of consumer behavior related to purchases, extension
of useful life, and management of end of life of electrical and electronic equipment. In particular, some
of the results of academic research published on such topics are presented and discussed, showing
how psychological variables, sociodemographic variables, situational factors, and costs influence a
certain behavior.

As presented in the previous paragraphs, there are plenty of research exploring the determinants
of WEEE recycling behavior, referring to different recycling practices (e.g., online recycling) and in
relation to different geographical areas. Other typologies of behaviors are less analyzed in the literature.
In particular, the investigation conducted denotes the paucity of research analyzing purchasing behaviors
related to second-hand and refurbished EEE products and those related to the resale or donation of
electrical and electronic products still functioning. Future research could deepen the understanding of
such behaviors as those are also relevant in achieving the full circularity of the EEE value chain.

Also, the determinants of consumer behavior linked to the extension of useful life might be fostered
in future research. A deep understanding of such behavior is also relevant for companies that can acquire
new business opportunities by extending the useful life of their product. In fact, the lower number of
product units sold can be offset by the revenues generated through a range of complementary services
(e.g., repair, sale of parts for repair, etc.). A better understanding of such behavior from consumers could
help explain how companies choosing to ease reparation of their products could benefit from greater
customer loyalty, which in fact shows greater confidence in companies sensitive to environmental
dynamics. Moreover, by deepening the habits and behaviors of consumers on the behavior of extending
the useful life of a product, companies can acquire unique knowledge about the preferences, needs,
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and desires of customers as the level of contact between the parties will increase through the services
provided. This information can also help companies define more targeted future offers.

Our research underlines also that studies exploring the behavior of participating in take-back
schemes are still in its infancy and almost exclusively dealing with EEE or WEEE. We expect in the near
future an advent of more research on such topics as many other business sectors implement take-back
initiatives such as the textile and fashion industry [72].

Some general considerations can be done also with regards to the aspects explored in the studies
reviewed. Considering all the papers reviewed, also in this field, like in others, there is no consistent
trend between sociodemographic variables and circular consumer’s behavior in relation to the purchase,
extension of life, and end of life management of electrical and electronic products. Also, in this case,
indeed, the ability to explain such circular behaviors through sociodemographic variables is quite
limited [20].

Moreover, what emerges from all the studies identified is that, although there are not numerous
studies on the behaviors related to the purchase, extension of the useful life, and management of large
electrical and electronic equipment, it is still possible to infer that there are major differences in the
determinants of such behaviors with those related to small-sized equipment.

The theoretical model adopted in many studies reveals its usefulness to predict the determinist
of such circular consumer’s behavior in relation to the purchase, extension of life, and end of life
management of electrical and electronic products; however, in many cases, additional variables are
needed to fully explain the behavior.

On a theoretical level, all the studies presented address the issue of behavior from the point of view
of the single individual. However, many behaviors and practices such as purchasing certain products
are actions that are widely shared between individuals. Future research may use different theoretical
approaches such as “social practice theory” to analyze these behaviors [73]. Such a theoretical approach,
for example, considers excessive forms of consumption not as a problem of individual consumer
behavior but rather as behaviors incorporated into the prevailing organization of social practices or
what people consider normal and shared lifestyles and ways of life.
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