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ABSTRACT: This article addresses the issue of electro-waste and the role of the consumer of electrical
and electronic equipment within the organisation of a circular economy. The aim of the article is (i) to
identify the attitudes of the consumers surveyed towards unused electrical and electronic equipment, (ii)
to assess the consistency of the attitudes displayed with the principles of the circular economy, and (iii)
toidentify the most important factors influencing these attitudes. The theoretical part approaches issues
such as consumers' subjective perception of electro-waste, the increasing amount of electro-waste glob-
ally, and the problems associated with limited recycling opportunities. The conducted study revealed the
potential of the surveyed consumers for the organisation of the circular economy in the field of elec-
tro-waste management, as well as the risk factors in the form of depositing electro-waste into the munic-
ipal waste stream. The analysis also showed a correlation between attitudes towards electro-waste with
factors such as age, gender and education. In the concluding part, the most underlying consumer prob-
lems related to electro-waste management were systematised; more thorough research was also sig-
nalled.
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Introduction

One of the biggest challenges in building a sustainable economy is reduc-
ing environmental impact. This impact is linked to resource extraction on the
one hand and the need to dispose of waste on the other. The linear model of
production and consumption, based on the pathway from raw material to
waste, has generated an entire spectrum of negative environmental effects
(Korhonen et al., 2018; Hanumante et al., 2019; Puntillo et al., 2021). The
widely observed accumulation of waste in the environment demonstrates
the inefficiency of waste management systems. These systems are becoming
increasingly inefficient in the face of the ever-increasing waste stream vol-
ume, which is an inevitable consequence of the linear model of production
and consumption (Jgrgensen & Pedersen, 2018). Escalating the capacity of
waste management systems - while desirable - can only bring temporary
improvements. The solution to this dilemma is seen in the development of
the circular economy, which is an alternative production and consumption
model (Corona et al., 2019; Camilleri, 2020). This model emphasises changes
in design and production processes (den Hollander et al,, 2017; Talens Peird
etal, 2017), as well as in the realm of consumer attitudes (Hazen et al., 2017;
Romero-Hernandez & Romero, 2018). These attitudes may show variability
depending on socio-economic factors. This issue becomes particularly rele-
vant for products with a high environmental footprint, which includes elec-
trical and electronic appliances. The production and disposal of such prod-
ucts are also strongly related to the issues of energy consumption and green-
house gas emissions (Zu et al., 2012). Reducing the negative environmental
impact of these products depends primarily on the attitudes of their users.
This article aims to verify how Polish consumers manage electrical and elec-
tronic equipment, identify the most critical factors influencing this process,
and assess its consistency with the assumptions of a circular economy. The
research method included the analysis of literature and empirical research.
The literature analysis focused on publications focusing on the issues of cir-
cular economy or e-waste. The empirical part focuses on analysing data
obtained from a survey conducted among Polish consumers.

This topic is particularly important in the case of countries where organ-
ised methods of e-waste management have been introduced relatively
recently (for example, in Poland). The present research’s particular impor-
tance is related to the recognition of the degree of consumer adoption of
modern forms of dealing with electro-waste (such as the use of specialised
collection points). An essential part of the research is also the assessment of
the consolidation of habits developed in the absence of an organised waste
management system. Some of these habits are unsustainable (for example,
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throwing electrical waste into municipal waste). Other habits, on the other
hand, may have a decidedly positive impact on the environment (for example,
repairing broken appliances). The widespread occurrence of such attitudes
may become an unexpected advantage for Polish consumers and be an essen-
tial element in implementing the circular economy model. In this context, the
article raises the relatively poorly researched issue of social determinants of
implementing the circular economy in post-socialist countries. Identifying
such conditions can contribute to developing a well-adjusted, and thus effec-
tive, circular economy implementation strategy (Gradinaru & Maricut, 2022).
Implementing the circular economy by the EU Member States will bring
closer the achievement of EU strategic goals, such as reducing the volume of
unmanaged waste, reducing dependence on imported raw materials and
implementing climate policy (Tomi¢ & Schneider, 2020).

Literature overview

Any device which, for various reasons, has lost its usefulness (Elektro-
Eko, 2022) is classified as electronic waste (e-waste/electro-waste). The rea-
sons for classifying a device as electro-waste are varied. The most common
reasons include the following:
¢ physical damage, precluding the possibility of repair and making further

operation completely impossible,

¢ physical damage that is potentially repairable but not economically via-
ble (for example, when the cost of repair exceeds the price of a new
device),

e partial damage, causing loss of part of the appliance’s functionality or
inconvenience in its use (for instance, difficult switching on and off),

* the presence of visible, natural traces of wear and tear (scratches and
scrapes on the surface, cracks and splinters, losses) that reduce the aes-
thetic value of the product,

¢ loss of functionality as a result of technological change (e.g., media play-
ers withdrawn from the market by manufacturers, TV not adapted to new
transmission standards),

¢ a desire for enhanced functionality that is only available in new equip-
ment (for example, software that is incompatible with older generation
equipment),

¢ too high level of energy consumption compared to new equipment,

¢ lack of availability of necessary consumables necessary for the continued
use of the equipment (for example, printer cartridges),

¢ lack of availability of necessary spare parts necessary for the continued
use of the appliance (e.g. charger suitable for a particular type of socket,
filters adapted to a particular household appliance).
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The variety of reasons for discontinuing the use of appliances, along with
the increasing number of appliances being equipped in households, results in
an ever-growing volume of electro-waste. In 2019, the volume of elec-
tro-waste generated globally reached 53.6 million metric tonnes, and the
level projected for 2030 was expected to be close to 75.0 million metric
tonnes (Forti et al.,, 2020).

Electro-waste falls into the hazardous waste category, requiring a unique
approach from waste management systems. Such an approach is necessary
due to the presence of heavy metals such as zinc, cadmium, nickel and mer-
cury (Shuptar-Poryvaieva et al, 2020), as well as chlorofluorocarbons,
hydrochlorofluorocarbons and brominated flame retardants as well as other
substances with an irritant, toxic and carcinogenic effects (Chakrabaty &
Nandi, 2021; Santato & Alarco, 2022). On the other hand, electro-waste also
contains many valuable raw materials, most notably precious metals and
Rare Earth Elements (REE) (Pitron, 2019; Althaf et al,, 2021). Moreover,
other raw materials such as copper and steel are present in this type of waste,
the recovery of which is mainly determined by economic factors (the cost of
the resources required to separate and purify them). Plastics - serving as
housing components and insulation material - are also a significant part of
electro-waste. Due to their complex chemical composition, these plastics can
release a number of substances hazardous to health and the environment
(Lam et al.,, 2012). Physical fragmentation of such plastics, leading to the for-
mation of microplastics, is also a growing problem (Jung et al., 2022). The
inability to physically reprocess and use this type of substance is one of the
critical arguments regarding the possibility of fully implementing the circu-
lar economy principles (Cullen, 2017; Moreau et al., 2017).

Waste management in a circular economy is defined by a set of general
principles. These principles, sometimes referred to as strategies, describe
a hierarchy of actions to be taken for efficient waste management. This hier-
archy is defined with varying degrees of precision. It can take the form of nine
principles (Potting et al,, 2017), although the most commonly cited hierarchy
consists of three core activities: reduce, reuse and recycle (Goyal et al., 2018;
Li, 2012).

Reduction in the case of electro-waste refers to any activity aimed at
eliminating the need to purchase a new device. This should primarily include
the repair of broken devices but also the abandonment of the purchase of
products deemed to be actually unnecessary. This activity is, however, rela-
tively demanding on the user of the appliance. Here, it becomes necessary to
use technical knowledge and skills or to make use of specialised maintenance
services. In the first case, in addition to the necessary skills, the user must
have the necessary tools, a place to carry out the repair (problematic in the
case of small-scale housing conditions), as well as free time and readiness to
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spend it on repairing the device. If a repair service is used, the cost of the
service and transport have to be taken into account.
Reuse is the disposal of an unused appliance. A distinction can be made
between the situation where the item is given away free of charge (usually to
family or friends) and where it is offered for sale. Activities focused on
extending the product lifespan are the basic mechanisms for reducing envi-
ronmental impactin the circular economy model (Xavier etal., 2021). In cases
where reuse is no longer possible (either because the item is completely
unusable or because it is not possible to find people interested in owning it),
the product is passed on for reprocessing/recycling.
The first step in this process is the transfer of e-waste to specialised col-
lection points. These collection points can be public facilities (managed by
local governments) or private, functioning as part of reverse supply chains
(Sasikumar & Kannan, 2008).
For all the activities described, the device’s size is an important factor.
The classification of electro-waste in this respect is set out in Directive (2012)
and includes:
¢ bulky waste, with dimensions exceeding 50 cm (for example, large house-
hold appliances, large power tools, vending machines and others),
¢ small volume waste, not exceeding 50 cm (for example, small household
appliances, smaller power tools, toys and others),

¢ small-sized waste of IT and telecommunications equipment with dimen-
sions not exceeding 50 cm,

¢ heating and cooling equipment,

¢ lamps,

e devices with screens larger than 100 cm?.

The most problematic electro-waste is bulky waste, the transport of
which is usually beyond the capacity of the individual consumer. On the one
hand, this situation provides an incentive to undertake on-site repairs, while
on the other, it contributes to the phenomenon of long-term storage of unused
equipment. The problems associated with small-scale electro-waste are
related, by contrast to the previous case, to its ease of handling. This results
in infiltration into the municipal waste stream and consequent diversion to
incineration or landfill. In industrialised countries, the scale of this phenom-
enon is estimated at 8% of the total volume of electro-waste generated, and
this type of waste is also found in segregated waste such as plastic and metal
(Forti et al.,, 2020).
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Research Methodology

The data used in the study has been obtained in the project “The role of
social capital in the strategy of sustainable development of highly urbanised
and industrialised regions on the example of the Silesian Province.” The study
was conducted in several stages.

In the first stage, a survey was conducted on a group of 300 adult con-
sumers from the Silesian Voivodeship. A specialised research centre surveyed
respondents from its panel. As a result, 300 completely completed question-
naires were obtained (although some of the respondents refused to specify
their monthly income). The demographic profile of the study group is pre-
sented in Table 1.

Table 1. Socio-economic profile of respondents

gender women 55.0%
men 45.0%
age 18-25 25.0%
26-39 33.0%
40-65 25.0%
66 and above 17.0%
education level basic 6.7%
lower secondary 0.7%
vocational 13.0%
secondary 30.3%
post-secondary 6.3%
bachelor/engineer 13.3%
higher 29.7%
place of residence house 43.0%
flat 57.0%
monthly income less than PLN 1000 6.3%
PLN 1000-1999 12.7%
PLN 2000-2999 271.3%
PLN 3000-3999 11.6%
PLN 4000-4999 3.0%
PLN 5000 and above 12.0%
no income 12.0%
refuse to answer 15.1%
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In the second stage, the data obtained were narrowed down to variables
relating to handling electrical and electronic equipment. The respondents
could indicate the following ways of handling unused or damaged equip-
ment:
¢ disposing of municipal waste,

* disposing into bags or containers for further recycling,
e giving away to other people,

¢ delivery to collection points,

¢ repair and continue to use.

The third and final stage of the study was to obtain a statistical picture.
For this purpose, the percentages of individual answers and the correlation
coefficients between the research and demographic variables were calcu-
lated. All calculations were performed using the STATISTICA package.

Results and discussion

In the surveys carried out, the most important issue is to find out what
attitudes towards damaged or unused electrical and electronic equipment
are manifested by consumers. This is summarised in Figure 1 (the respond-
ents could mark more than one answer).

disposing to municipal waste - 5.7%

segregation into bags/containers [N 15.7%
giving away to others _ 25.0%
seling [ 29.0%
handing over to waste collection points _ 48.0%
repair and use _ 53.0%

0% 10% 20% 30% 40% 50% 60%

Figure 1. The popularity of attitudes towards unused electrical and electronic equipment

The analysis of the responses shows that the most common attitude, indi-
cated by more than half of the respondents (53%), is repair and continued
use. This attitude should be assessed as converging with the principles of
circular economy. In the correlation analysis carried out (Table 2), no factors
were found that clearly correlated with the declaration of this attitude.
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Table 2. Correlation analysis of user attitudes and socioeconomic factors

Disposal to

Segregation

Giving

Delivery to collection

municipal into contain- away to Sales poi_nts (communal E:Sa:;e
waste ers/bags others or in stores)
Age factors
1825 X X X X 0.15 X
26-39 X 0.15 X X 0.18 X
over 66 X -0.15 -0.20 -0.21 -0.29 X
Education factors
Basic X X X X -0.18 X
Lower secondary 0.16 X X X X X
Vocational X -0.14 X X 0.23 X
Post-secondary X X X X 0.16 X
Higher X X X X 0.12 X
Bachelor/Engineer X 0.13 X X 0.11 X
Income factors
Income PLN 3000-3999 X X X X 0.19 X
Income PLN 4000-4999 X X 0.17 X X X
Professional status factors
Pupil/student X X X 0.27 X 0.13
Farmer 0.16 X X X X X
Teacher X 0.14 X X X X
Pensioner/retiree X 0.17 -0.22 -0.19 -0.29 X
White collar worker X X X X 0.18 X
Trade worker X X X 0.14 X
Labourer X X X X -0.14 X
Manager X X X X 0.14 X
Business owner X X X X -0.13 X
Other profession X X X -0.15 X X
Other factors
Female X X 0.12 X 0.24 0.20
Living in flat X X X X X -0.17

X = no correlation, p<0.05.
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A positive correlation was found for women (0.20) and pupils and stu-
dents (0.13). The shape of the survey questionnaire does not allow to deter-
mine whether repairs are carried out independently at home or with the use
of service points. A negative correlation emerged for residents of townhouses
and blocks of flats, which is presumably related to the limited possibilities for
repairs in a limited area. It should be added that carrying out repairs at home,
without adequate preparation, promotes secondary damage, as well as frag-
mentation of the appliance, the components of which may then end up in
a municipal waste or be used as recyclable materials. In the conducted sur-
vey, disposal of whole appliances or their components in this way was
declared by 5.7% of respondents for municipal waste and 15.7% for recycla-
bles.

The second most common attitude is the transfer of unused appliances to
specialised collection points (43% of responses). In order to correctly assess
the consistency of this approach with circular economy principles, it is nec-
essary to distinguish whether the transferred appliances are repairable or
whether the owners do not intend to continue using them. Unfortunately, the
survey design does not make it possible to distinguish between these situa-
tions. As for appliance repairs, the strongest correlation was shown for
women (0.24). The other factors correlating positively were secondary and
higher education, performing a job related to intellectual work and the
younger age of the respondents. The negatively correlating factors were
retirement age, primary and vocational education and having an occupation
associated with manual work. Among people of retirement age, there is
a general trend of not wanting to dispose of electro-waste in any way. This
may indicate a lower need to use such appliances or ingrained habits such as
keeping faulty or unused appliances for long periods of time to use them in
some unspecified way in the future.

The sale and free transfer of electrical and electronic equipment are far
less popular attitudes. Both activities are characterised by a similar level of
popularity among users (29% of responses for selling and 25% for giving
away for free). Another common feature is a negative correlation in the case
of people of retirement age. The highest propensity for selling is found among
pupils and students and for giving away free of charge among women (0.13).

Conclusions

In light of the research conducted, the degree of compliance of consum-
ers’ attitudes using electrical and electronic appliances with the principles of
the circular economy should be assessed as relatively good, nevertheless cer-
tainly not sufficient. Although the repair of electrical and electronic equip-
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ment for further use is declared by more than half of the respondents, a sig-
nificant proportion of consumers do not show interest in such activity.
The reasons for this approach can be varied: lack of necessary skills, safety
concerns during repair and subsequent use, lack of suitable conditions
(equipment and premises), negative experiences from previous repairs, lack
of technical possibility of repair or its economic unviability. However, deter-
mining the impact of individual reasons on consumer attitudes requires
more detailed research in this area.

Directing unused equipment to collection points is the second most pop-
ular declared attitude. Polish consumers thus have the potential to partici-
pate in reverse supply chains, ensuring that electro-waste can be appropri-
ately managed. On the other hand, the source of electro-waste infiltration
into municipal and segregated waste was also confirmed. Disposing small-
scale electro-waste by throwing it into municipal waste is much simpler than
handing it over to a collection point. Reducing this phenomenon will primar-
ily be a challenge in terms of changing awareness. Disseminating information
on the dangers of this phenomenon will undoubtedly contribute to reducing
it, albeit it is doubtful that it will allow it to be eliminated. Changing attitudes
is complicated for people with established habits. In the research carried out,
a trace of such conditioning is revealed in the case of some elderly people,
who are likely to practice their ways of dealing with electro-waste (such as
long-term storage).

Selling, as well as free transferring, are attitudes which are less frequently
declared. The likely causes for this are the need to find someone interested in
purchasing or receiving a used device. This situation points to the limited
possibilities for implementing the so-called sharing economy. This fact
proves that not all mechanisms to support the circular economy have equal
potential. Product life extension and reverse supply chains are the most
favoured mechanisms for electrical and electronic equipment consumers.
The development of these mechanisms is primarily the responsibility of
enterprises.

Nonetheless, state economic policy is also not insignificant. This policy
could provide for stimulus instruments (for instance, in the form of conces-
sions for companies carrying out such initiatives). As a result, it would be
possible to develop a consumer-oriented offer in the form of increasing the
number of collection points, on-site collection and transport of large appli-
ances, assistance in the disposal of problematic electro-waste (e.g., signifi-
cant heating and cooling appliances), which could contribute to solving the
issue of electro-waste penetrating the environment.

One of the basic principles of the circular economy is the prevention of
waste generation. This principle is related to several activities aimed at
extending the product’s lifespan (such as repairing broken devices or giving
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unused devices to others) but also to all attitudes related to resignation from
the purchase and use of the device. While the first group of attitudes was
included in the study, attitudes related to resignation were not examined.
The future direction of research, in addition to identifying the presence of
such an attitude, should also include the determination of related factors.
These factors include economic conditions, the level of consumer and envi-
ronmental awareness, the level of electricity prices and other factors. Another
research direction is related to the relative perception of electrical and elec-
tronic devices as waste. Again, such a study should determine whether there
are socio-economic factors related to the perception of a given device as
waste and its discontinuation.
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