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Abstract: The effectiveness of e-waste collection depends on organizational and social factors. In-
dividuals should have easy access to collection points and be aware of proper methods of e-waste
disposal. This article investigates the availability, usability, and occurring irregularities of the con-
tainer collection of small-waste electrical and electronic equipment. The study explores the attitude
and behavior of individuals when disposing of small-waste equipment in the South of Poland. The
results show that ninety-five percent of supermarkets’ managers responsible for waste management
find a growing interest in the disposal of small e-waste by individuals. An increasing number of col-
lection containers encourages residents to dispose of small-waste appliances. More than eighty-three
percent of respondents are aware of proper methods of e-waste disposal. Additional information
campaigns addressed to residents are required to prevent mixing electrical and electronic waste with
other waste and to encourage the disposal of small e-waste. The intention to dispose of small e-waste
was declared by only thirty-two percent of respondents. Containers with discarded easy breakable
items, such as lamps, should be removed more frequently. The collection containers’ noticeability
is evaluated by individuals as of average difficulty. The containers in supermarkets have simple
designs and labels indicating the category of waste for disposal. The containers installed in residential
areas have attractive designs and advertising slogans. The individuals expect the containers should
be available in more locations that are easily accessible from households. The results of this study
should be helpful for local authorities, waste collection companies, and waste electrical and electronic
organizations, to support design, location selection, and information campaigns for small e-waste
container collections.

Keywords: waste electrical and electronic equipment; WEEE; small e-waste; social attitude; circular economy;

collection methods; social awareness; containers for e-waste

1. Introduction

Waste electrical and electronic equipment (WEEE) or e-waste collections have been
well-established for about fifteen years in the European Union (EU) and other countries
such as Taiwan, Japan, and South Korea [1-3]. Learning from the experiences of WEEE
management regulations, many other countries such as China and India introduced similar
systems [4—6]. The collection rates of WEEE gradually increased [7,8]. A large variety of
equipment requires various methods of waste collection [9]. In general, the collection can
be conducted in stationary points such as municipal or local collection centers. Mobile
collection methods, such as curbside collections [10] or on-demand waste collection [11],
are also in the field of interest of collection companies. Large household appliances and
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Toys, leisure and sports equipment

Electrical and electronic tools

Small household appliances

Large household appliances

IT and telecommunications equipment

information technologies equipment are categorized as e-waste with the highest collection
rate [7]. This also applies to the countries where the collection equipment is collected by
informal waste pickers [12]. However, it is more difficult to achieve a high collection rate
for small household appliances and other small items belonging to other categories [13].
Small e-waste equipment includes small computer peripherals, mobile phones, tools,
toys, kitchen and bathroom appliances, etc. The reason is that the behavioral patterns of
individuals differ for various categories of WEEE [14,15]. When equipment is small, it
encourages the residents to store or dispose of such equipment in an improper way [16,17].
It tends to happen especially when e-waste is mixed with other fractions such as plastics,
metals, or even with general waste [18]. Comparing the collection rate of large household
appliances and IT equipment with other categories of small dimensions e-waste in the EU
in 2018, there is a difference indicating the necessity for improving collection effectiveness
(Figure 1) [7].

0% 10% 20% 30% 40% 50% 60% 70%

Figure 1. Proportion of waste electrical and electronic equipment collected in relation to new equipment placed on market
in the EU in 2018 (source: Eurostat).

The EU WEEE Directive [2] created a framework for the efficient management of e-
waste. The requirements take into consideration efficient collection methods, transportation,
and treatment of end-of-life electrical and electronic equipment. The first principle is to
prevent e-waste from being disposed of along with municipal waste. Another activity is
to ensure easier collection of waste equipment. The possibility to dispose of WEEE has
increased. E-waste can be disposed of in supermarkets, local and municipal collection
centers, equipment repair shops, and mobile collections (curbside or on-demand). An
additional opportunity is disposal points available during various events, such as charity
or environmental theme events. Disassembly and treatment of e-waste equipment must not
result in the contamination of the natural environment by hazardous substances contained
in the waste equipment, and further, enable recycling of metals and plastics.

The regulations regarding e-waste in Poland comply with the EU WEEE Directive [19].
The required level of 65 percent collection rate of the equipment placed on the market is
supposed to be achieved in 2021. The minimal level for the collection of WEEE is 60 percent
of the equipment placed on the market for categories other than lighting equipment. For
lighting equipment, 65 percent collection of the mass of this category equipment had to be



Sustainability 2021, 13, 12422

30f18

achieved in 2020 [20]. In 2017, the mass of the electrical and electronic equipment placed
on the market was 607,000 tons, and 246,000 tons of e-waste were collected. The collection
rate compared to the mass of the equipment placed on the market was 40.5 percent. For the
category of small household appliances, the collection rate was 37.7 percent; for electrical
tools, 33 percent; and for toys, leisure, and sports equipment, only 31 percent [21].

The material content of the components used in electrical and electronic equipment
depends on the category of e-waste. The majority of equipment used in kitchens and
bathrooms includes plastics and common metals such as steel, aluminum, and copper [22].
Other equipment, i.e., toys, and information technology equipment (minor computer items
or mobile phones), include more materials, and some of the materials are valuable, such
as silver, gold, or rare-earth elements [23]. Some of the components are hazardous, such
as condensers, printed circuit boards, or batteries [24]. It is important to prevent the
environment from contamination by proper collection of WEEE from households. This task
requires numerous activities. A collection company should provide suitable containers or
collection boxes. These should be placed in areas frequently visited by residents. Other
methods to ensure efficient waste collection are information and education campaigns for
individuals [24-26]. The subject of the campaigns should highlight environmental issues.
As a result, an individual should try to find an appropriate container for the disposal of
small WEEE or even introduce economic incentives based on the electronic bonus card
system [27].

The research considering the behavioral intentions of individuals and the attitude
towards disposal of e-waste was the subject of studies in the EU. The results show various
approaches towards recycling behavior of the e-waste among the residents of Romania
and Italy [28]. The evaluation of the e-waste management system in France indicated a
lack of involvement of local authorities and consumers, and a low recycling rate at the
local level [29]. In Lithuania, the survey results highlight that a small amount of WEEE
was discarded together with municipal waste. Residents expected more information about
WEEE disposal options and more collection points [30]. A study in Portugal identified the
sociodemographic factors that influence consumption and recycling behaviors on a case
study of tablets and smartphones [31]. Other irregularities in the disposal of small e-waste
are present in a case study from Ireland. It shows a tendency to store small e-waste among
households [32]. The findings for a case study in Japan show that intentions to recycle
e-waste are affected by environmental concerns and perceived benefits from engaging
in this behavior [33]. In developing countries, socio-economic issues were identified as
critical to be resolved in India because individuals are not aware of disposal methods of
e-waste [34]. A case study in China shows the expectation of the government policies that
promote WEEE recycling [35].

Our study evaluates the usage of containers for the collection of small household
electrical and electronic appliances. It appears that waste collection companies cooperate
with local authorities, managers of residential areas, supermarkets, and shopping malls
to provide the residents with suitable methods for the disposal of small e-waste. One
of the goals of this research is to investigate the effectiveness and experiences of the e-
waste container collection from a managerial point of view. A semi-structured survey was
prepared for the managers responsible for waste collections in supermarkets, shopping
malls, and residential areas. An evaluation of the effectiveness of container collections by
managers and of potential irregularities with small e-waste disposal is a starting point to
explore attitude towards disposal of small e-waste, behavioral patterns of individuals, and
the evaluation of the availability and noticeability of containers for e-waste. This part of our
study uses an online survey. The third part of this study is a field study. It focuses on the
evaluation of the containers’ noticeability by individuals and, further, on the design of the
containers. The article’s goal is also to find some irregularities within the e-waste collection
process. The results illustrated in this research can be beneficial for local administration
and communities, waste collection companies, and for the producers of the containers.
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The recommendations will help to work out more effective advertising and information
campaigns for individuals.

2. Materials and Methods

Two surveys and a field study were employed to investigate the effectiveness of
e-waste containers’ collection method. The first survey was addressed to managers of the
supermarkets, shopping malls, or other employees responsible for e-waste management.
We used a semi-structured survey to collect data. Another part of our research was an
online survey for individuals in Poland. The goal was to identify awareness of individuals
regarding e-waste management and behavior intentions concerning small e-waste. The
final part of the investigation was a field study that assumed visiting containers’ loca-
tions and explored their contents—if possible—in supermarkets, shopping centers, and
residential areas.

The container collection of small WEEE has been evaluated in four urban municipali-
ties of the Silesian region in the South of Poland. The research includes municipalities of
Wodzistaw Slaski with a population of 48 thousand, Sosnowiec—198 thousand, Rybnik—
137 thousand, and Racib6rz—55 thousand. In each city or town, the collection of small
e-waste is provided in containers in municipal collection centers, supermarkets, shopping
malls, residential areas, or seasonal placement of the collection points. Since 2015, new
initiatives have been taking place to set up more containers in frequently visited places by
residents. New projects for the placement of the collection containers for small e-waste
started in Rybnik and Sosnowiec in 2020 and 2021. Figure 2 shows a map of the area with
the location of small e-waste collection points.

Seasonal collection twice per year
Containers in supermarkets
Containers in hypermarkets

ool )

New local project (“Electrical waste”) —containers in residential areas

First installation of small e-waste container in the center of Wodzistaw Slaski

Figure 2. Map of four urban municipalities included in this study with location of containers for small
e-waste collection in the Silesian region in Poland (source of maps: https://www.openstreetmap.org
accessed on 2 September 2021).
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Each community or municipality in Poland was required to provide a collection point
of e-waste in the local waste collection center to comply with the WEEE Directive. Another
step in improving the collection rate was the installation of sets of containers collecting
e-waste in shopping malls and supermarkets. The final step towards the facilitation of the
collection of e-waste for individuals was the placement of e-waste containers in convenient
locations in residential areas (Figure 3). Another possibility for the collection is to arrange

a seasonal collection of WEEE. It can happen every two, three, or six months in a specially
selected place.
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Figure 3. Examples of various types of containers for the collection of small e-waste in: (a) a supermarket (in the middle of
a row); (b) a hypermarket (in the middle of a row); and (c) a residential area.

This study investigates and evaluates the methods for the collection of small WEEE.
The main tasks, methods, and goals are shown in Figure 4.

Small E-waste
] / =
AN &5
{ "\ oie
Goals of investigation
| Target group or subject |

the method for collection of small e-waste on the premises;
frequency of e-waste pick up by waste collection company;
impact on a collection during the pandemic;

observed irregularities in disposal of e-waste.

Supermarket Managers or .
Point of Service Employees Semi-structured survey

knowledge about legal methods of e-waste disposal;
environmental attitude and awareness of proper disposal of;
knowledge about the location of small e-waste containers;
behaviour pattern with e-waste.

Individuals (residents) —> On-line questionnaire ——>

y

evaluation of the location of the containers;
Locations of e-waste Field-stud evaluation of the external design of the containers;
containers v visibility and noticeability of the containers;

4 abnormalities and issues with the e-waste collection.

Figure 4. Research tasks, methods, and goals for investigation in this study.

The first survey focused on methods of collection in all locations eligible for placement
of the containers. A semi-structured survey was distributed to managers of supermarkets
and persons responsible for waste management in a municipal council and 25 responses
were collected. The authors of this study visited the locations of the containers. In each
place, a manager might have been asked to participate in the survey. There were some limi-
tations due to pandemic restrictions. Therefore, it was difficult to interview each manager
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or employee responsible for waste management. There were five subjects surveyed with a
choice to comment. These included the following questions:

e  What is the method for the collection of small WEEE in a supermarket, shopping mall,
or local area you are responsible for?

How frequently does a collection company empty the containers?

How often do the customers use the containers?

Was there any impact on small e-waste collection due to pandemics?

What are the issues with the containers or collected waste?

The next part of the research was an online survey sent via social networks to indi-
viduals in the Silesian region. Two hundred and fifty-one responses were collected. The
purpose of the questionnaire focused on behavioral patterns and accessing information
about knowledge and WEEE collection requirements. The details of respondents are shown
in Table 1.

Table 1. Social information for the surveyed individuals.

Basic Information Proportion of Total (%)
Age
<18 3.6%
18-26 49.6%
27-35 19.2%
36-50 20%
>50 7.6%
Gender
Male 42.8%
Female 57.2%
Size of municipality
<5000 22.4%
5000-50,000 25.2%
50,000-200,000 29.6%
>200,000 22.8%

The survey also included questions concerning container location awareness, compli-
ance of residents with WEEE regulations, and attitude towards small e-waste collections.
A part of the survey focused on the source of information about WEEE collections and the
individual’s noticeability of the containers.

The last part of the online survey investigated an intention to dispose of small e-waste
and the frequency of disposal. The respondents were also asked to propose some ideas to
improve both: the collection and knowledge of potential hazards on the natural environ-
ment.

The field study’s purpose was to personally visit container locations in four urban
municipalities in the Silesian region. Each location and container was evaluated, including
the contents inside. The noticeability of the containers by passing individuals, labels, and
signs printed on the collection containers was also analyzed.

3. Results

The results section has been divided into three subsections. Section 3.1 includes
results of the semi-structured survey for the managers and employees responsible for
waste management. A summary of the managers” comments was also presented in this
section. It highlights some irregularities with the collections. Section 3.2 is the presentation
of the online survey of individuals. The data collected from the questionnaire allows for
investigating the attitude of residents towards disposal and recycling of e-waste, behavior,
and intentions for discarding of small WEEE. Section 3.3 shows the results of the field
study and illustration of the main issues encountered in containers’ collection.
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3.1. Results for the Semi-Structered Survey for the Managers

The first part of this study’s results indicates that ninety-five percent of managers
find the customers dispose of small e-waste items on the premises of the supermarket or
shopping mall. For the collection of small e-waste, special containers were placed in the
communication arteries in a supermarket or shopping mall. In some cases, a vehicle on
certain dates is parked outside to collect waste items. The waste collection company usually
unloads the container once per month or after the container is full. The agreement between
the supermarkets or shopping malls and waste collection companies allows one to schedule
collection of e-waste with a possibility to call for the collection on-demand. The COVID-19
pandemic had little impact on the collection of small e-waste. The disruptions were only at
the beginning of the pandemic, and only 38 percent of investigated managers indicated
some influence on the collection. Additional responses to the survey included some
important observations—the customers tend to dispose of small e-waste more frequently
than they used to a few years ago. However, the amount of waste items inside is not
significant compared with the number of customers in a supermarket or a shopping mall.
The content of the containers includes other types of waste, and it is problematic. WEEE
collection companies complain that the containers are solely for e-waste. General waste,
plastics, paper, or other waste is the contamination of e-waste. It disturbs the recycling
of WEEE in a treatment facility. The input material must be separated from all impurities
before entering the e-waste equipment disassembly line, and therefore cleaning produces
additional costs.

3.2. Results for the Survey for Individuals

The great majority of respondents—87 percent—are aware WEEE must be collected
separately. Only a small fraction of respondents indicated disposal of this category with
municipal waste as the right option. Another question was to distinguish two groups of
respondents—a group that is aware of where the small e-waste container is located and an-
other group of respondents that is unaware. Out of 251 respondents, 161 (61 percent of the
total) answered they noticed a container—in a supermarket, residential area, hypermarket,
or shopping mall, in a school, city, or village council (Figure 5).

Do you know if there is an e-waste container in the vicinity of your place of

residence?

I do not know if there is a container for small e-waste

in my neighbourhood

In a supermarket

On the estate/residental area || NG
In a hypermarket / DIY store | NREEE
In a shopping mall | INNEGGE
o Number of
At school / office / other institution || I
answers
0 20 40 60 80 100

Figure 5. Knowledge of the residents about the location of small e-waste collection containers.

The next question explored the source of information about the location of the e-waste
collection container. It showed the great majority of respondents indicated self-observation
or third persons’ advice (Figure 6). It showed that containers are easily noticeable and that
there is a lack of broader information campaigns. Only about 9 percent indicated mass
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media, social channels, websites of the City Council, or waste collection companies as a
source of information. The lowest number of respondents (4.3) percent were informed on
educational courses or at schools.

What is the information source on the location of small
e-waste containers or collection points?

My own observations
From third parties, friends, relatives

The mass media (internet, radio, TV)

A website of the City Concil or the waste
collection company

School, from a course or from other educational

activities [%]

0 10 20 30 40 50 60 70
Figure 6. Identification of the information source of a resident regarding small e-waste collection points.

Considering evaluation of proper signs, labeling of containers, and design to inform
passers-by, 40 percent of respondents find it as very easy or easy to notice such container
and over 32 percent of residents find it to be of average difficulty (Figure 7).

Assessment by an individual the visibility of small e-waste container
(5 - best visibility, 1 - worst visibility)

]l m2 m3 m4 5

Figure 7. The assessment of the visibility of the small e-waste container by individuals.

An intention of disposal of small WEEE in the nearest future declared only 40 percent
of respondents. An intention of disposal of small WEEE in the nearest future declared only
40 percent of respondents. Larger proportion of individuals answering “Probably not” or
“No” may indicate a potential stockpiling of waste items in a household or other improper
methods for disposal (Figure 8).
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Are you going to dispose of small e-waste in the near future?

11.2%

® Yes

® Yes, probably
= [ do not know
= Probably not

No

Figure 8. An intention for disposal of small e-waste by respondents.

The answers collected for the next questions can imply an intention of stockpiling
waste items by residents because almost half of the respondents answered they dispose
of small e-waste less than once per year (Figure 9). Twenty-two percent of respondents
declared they discard of small e-waste once per year. It is unlikely that none of the items
belonging to small equipment will break or become obsolete in the course of a year.

How often do you dispose of small E-waste?

B Once per month
B Once per quarter
48% B Once every six months

m Once per year

Less than once a year

Figure 9. Frequency of disposal of small e-waste by respondents.

The last section of the survey explored the consciousness of individuals regarding
the environment and the possible recycling of the collected e-waste (Figure 10). A great
majority of respondents are aware of the high negative impact on the natural environment.
Over 80 percent of individuals indicated a very high or high impact of e-waste on the
environment. This is a result of broad campaigns presented frequently in mainstream
media, social networks, websites, and other sources of information about hazardous
properties of WEEE.
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Assessment of the degree of harmfulness on natural environment by

improper disposal of small e-waste (5 - high impact, 1 - low impact )
[%]

60

52
50
40
28.8
30
20 14
10 . 4 12
0 — -
5 4 3 2 1

Figure 10. Assessment of the impact of e-waste on the environment by individuals.

The knowledge about the recycling potential of e-waste is relatively low. The results
show that about half of the respondents are unaware that materials used in components
of e-waste are recyclable. However, almost 42 percent of individuals taking part in the
survey indicated that the materials used to build the electrical and electronic equipment
are recyclable, compared to less than 9 percent who think the opposite (Figure 11).

Are the raw materials used to build that equipment recyclable?

0.6%

B ] am not aware

m Rather yes

B Definitely yes
Definitely no

Rather no

Figure 11. Awareness of recyclability of the materials in waste equipment by individuals.

3.3. Results for the Field Study

The third part of this research was the field study. The intention required visiting
each location where a small e-waste container was placed, evaluating its noticeability, and
checking what kind of waste is inside the container (if possible). The results show that a
great majority of containers for small e-waste are placed in convenient location, i.e., —in
shopping malls and supermarkets, accessible by individuals. The design and labels on
the containers indicate what kind of equipment should be disposed of. In shopping malls,
supermarkets, and hypermarkets, the containers for small e-waste are usually assembled
with other containers for separated waste. The sets include separate containers for e-waste,
bulbs and LED sources, compact or linear fluorescent lamps, and batteries. Additional
waste collection containers are for paper, glass, and plastics (Figure 12).
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Figure 12. Design and labeling of small e-waste collection containers: (a) simple description of type of waste, (b) advertising
slogan titled—"protect Earth”, and (c) advertising slogan titled—"Be Eco” (slogans translated from Polish).

In the majority of places, the containers are located in easily accessible places and are
visible and noticeable by passing by customers. The recently placed containers, in Rybnik
and Sosnowiec, set up in residential areas include basic information about a category of
waste for disposal. These also include advertising slogans to attract attention to a distinctive
feature or purpose of the collection (Figure 12b,c). Such advertising slogans are missing in
containers placed in shopping malls and supermarkets (Figure 12a).

Figure 13 shows major irregularities encountered in containers’ collections of small e-
waste. Two issues occurred most frequently: mixing various categories of waste
(Figure 13a,b), especially with packaging materials (plastic bags and cardboard) and dis-
posal of fluorescent lamps. They are fragile and can be easily broken with subsequent
contamination of mercury. Figure 13c shows improperly stored cathode ray tubes and
printers. Both types of equipment include hazardous substances easily released into the
environment. In this case, the size of the waste equipment exceeds the dimensions of the
input hole of the container.

@ . (b)

Figure 13. Samples of irregularities and issues with containers’ collection of small e-waste: (a) protruded fluorescent lamps;
(b) plastics mixed with other fractions; and (c) cathode ray tubes and printers put outside container.

Figure 13 shows major irregularities encountered in containers’ collections of small
e-waste. Two issues occurred the most frequently—mixing various categories of waste
(Figure 13a,b), especially with packaging materials (plastic bags and cardboard) and dis-
posal of fluorescent lamps. They are fragile and can break easily with subsequent contam-
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ination of mercury. Figure 13c shows improperly stored cathode ray tubes and printers.
Both types of equipment include hazardous substances easily released into the environ-
ment. In this case, the size of the waste equipment exceeds the dimensions of the input
hole of the container.

Regarding proposals to improve the collection rate of small e-waste, the majority
of respondents expect to provide seasonal events to collect such equipment (44 percent
of participants). Further, the placement of containers in residential areas is expected by
35 percent of respondents. Providing more containers in other supermarkets is welcomed
by 21 percent of respondents.

4. Discussion

Collection, processing, and recycling require international collaboration, economic in-
centives, and management approaches that minimize negative impacts on the environment
and human health [36]. This also creates an opportunity to access secondary raw materials
for recycling [37]. The management of e-waste involves multi-criteria decision-making with
recommendations for the improvement of management strategies along the entire supply
chain [38]. An efficient reverse supply chain of e-waste requires waste collection companies
offering various methods and points for the collection of the end-of-life equipment. Each
activity required by the waste collection company incurs the costs of storage, transporta-
tion, and employees. Therefore, the total cost for the collection points should not exceed a
potential profit from secondary raw materials after recycling e-waste. The optimal location
of the collection points was discussed in a study taking into consideration economic, social,
and environmental criteria. The findings show transportation cost as the most important
for sustainable collection center selection, followed by collection cost and storage cost [39].
The design of the collection network for a large number of collection points and waste
collection companies can be achieved by an exact algorithm. [40]. Transportation cost and
efficient loading of the collection vehicles contribute to efficient use of the resources and
employees [41].

The attitude of individuals towards recycling and the environment is a key factor to
participate in the e-waste collections. The differences between developed and developing
countries are presented in a review where economic factors are more important for the
general population in developing countries and environmental factors are preferred in
developed countries [42]. Another study shows the importance of determinants in WEEE
recycling behavior [43].

Small e-waste collection rate needs to be improved. For this reason, waste collection
companies put the containers in places frequently visited by individuals. The collection
of waste of any category requires coordination of various activities. They should focus
on education and information brought to the society, indicating benefits of recycling and
dangers for the natural environment [44]. Additionally, several options for disposal of the
waste should be offered for the residents to achieve a high collection rate [45-47].

The results of this study help to evaluate the placement of containers in various
locations as well as the social response for this collection method.

According to the first survey, containers placed in supermarkets and in shopping malls
are a good solution, and it is relatively easy to ensure efficient collection by waste collection
companies. The managers of supermarkets or shopping malls find a growing interest in the
disposal of small e-waste by customers. The cooperation with waste collection companies
relies on fixed schedules or on-demand e-waste pick-up. In several cases, some issues
and irregularities in collections were observed. Overloading the containers or mixing
with other categories of waste was a common issue found in this study. This kind of
improper social behavior by mixing various categories of waste together was highlighted
by some researches [48-50], including mixing general waste with e-waste [34,51]. The
e-waste containers are also not adapted to certain types of waste belonging to the lighting
equipment category. Often, fluorescent lamps protruded from the containers, and compact
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fluorescent lamps, were thrown loosely inside. In both cases, the glass may break and
release dangerous mercury vapors in publicly frequented places [52].

Other irregularities indicate that the containers are emptied too rarely. The managers
should solve these problems by better communication with waste collecting companies.
Replacement of the containers that are not suitable for the collection of some categories
of e-waste with better-designed and labeled containers is essential. Recent initiatives
of local administration managers show the necessity of the placement of containers in
residential areas.

Using the collection containers for the disposal of small e-waste items becomes com-
mon, but some individuals tend to stockpile small e-waste in households. This behavior
makes some disruptions in the reverse supply chain of electronic products [16,17].

One of the most important elements of an effective collection campaign is to make
individuals aware of the negative impact of e-waste on the environment [53-55]. Such
campaigns can be educational or informative depending on the target audience [56]. Com-
paring previous studies conducted in Poland [57,58], the level of awareness about the
removal of electrical waste into the appropriate container has increased. Educational and
information campaigns can be successful, as shown in the results of studies on toys in
Spain [59,60] and on mobile phones in Germany [61]. Such campaigns can even start with
very early education by parents [62].

The collection containers or bins must be located in places easily noticeable by passers-
by, and they should be correctly identified [63]. In some cases, shape or color [64], or
other features, are decisive for more engagement in recycling or waste disposal [65].
The placement of e-waste containers must be supported by information and education
campaigns [66], but it is also required to place containers in frequently visited places and
residential areas [53].

The results of this study show the importance of awareness about the dangers of
certain substances available in equipment, as is also indicated in other articles [67,68]. How-
ever, residents should be aware that each type of small e-waste equipment, even a mobile
phone charger or a cable connecting devices, must be properly disposed of. The awareness
of the legal disposal of e-waste and environmental hazards is a priority in educational and
information campaigns [69-71]. Although it is difficult to estimate real willingness by the
general population to participate in recycling activities and proper disposal of e-waste,
several studies in the USA [72], India [73] China [71], and Bangladesh [74] investigated this
subject and made proposals for improvement.

This article’s findings indicate a need to improve the collection rate of small e-waste.
In order to do so, it is necessary to combine the activities related to the organization of
the collection network, the placing of containers, and ensuring proper cooperation with
waste collection companies [75,76]. New developments on collection containers were
proposed towards optimization, monitoring, and automation of the collections. Sensor
equipped waste collection bins were proposed for planning and route optimization [77,78].
Recent applications show implementation for small e-waste containers in Slovakia for
improvement of monitoring and collections planning [79] or to issue discount vouchers to
citizens in Italy [80].

Another task is to make sure that small e-waste containers are easily accessible and
properly labeled [81-83]. The residents must be informed of the environmental risk
and the benefits of recycling in a circular economy. Several initiatives have been under-
taken by WEEE organizations, WEEE collection companies, local governments, shopping
malls, and supermarkets to address a challenge to increase the collection rate of small
e-waste in Poland.

The conclusions of this article show that the container collection is evaluated positively
by both—management and residents. There were successful projects conducted that
assumed placing small e-waste containers in four cities in Poland. Containers located in
residential areas are the most recent initiatives. Containers placed in supermarkets and
shopping malls were the subject of previous projects. Several issues with improper storage
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of small e-waste, the risk of environmental contamination by hazardous substances, and
failure to inform residents about the location of the containers can be solved by making
e-waste containers more noticeable and attractive thanks to better labelling.

Attractive labeling, including advertising slogans, can be easily understood by individ-
uals to promote environmentally conscious disposal of waste [81,84]. Other containers that
were installed in supermarkets and shopping malls a few years ago should be labeled in a
better way. Small e-waste containers increase the efficiency of waste collection, but some
recommendations for the managers and practitioners responsible for e-waste management
are necessary.

Recommendations for managers of supermarkets, shopping malls, and a local admin-
istration are as follows:

Better communication with waste collection companies if any irregularities occur;
Demanding replacement of the older containers with the new ones for better notice-
ability and safe disposal of e-waste;

e Advertising and information about the possibility of discarding small e-waste on the
premises of the shopping area;

e  Placement of more containers in easily accessible and frequently visited places in
residential areas.

Recommendations for managers of waste collection companies and WEEE organiza-
tions are as follows:

e  Modelling of the collection network of e-waste. Input data must include population
and a potential amount of discarded equipment. The frequency of emptying of the
containers should be adapted to the volume of the waste. This allows for route
optimization in vehicles collections.

e Using sensor-equipped containers for automatic communication and sending infor-
mation about the filling level of a container and enabling monitoring and collection
optimization;

e Providing information and advertising campaigns for residents and customers of
supermarkets;

e  Ordering improved construction containers with novel labels and advertising slogans.

5. Conclusions

The findings of this research show that the number of places for the disposal of
small e-waste increased. Waste collection companies have been placing e-waste collection
containers since 2015. Initially, they were located mainly in supermarkets. Recently,
they have also been installed in the residential areas. It was an effect of the mutual
projects of WEEE organizations and local authorities. The managers of supermarkets
and employees responsible for waste collection see a growing interest of residents and
supermarket customers’ in bringing in end-of-life equipment for disposal. The main issue
identified by surveyed managers was mixing of e-waste with other waste categories. They
often contained paper or plastic. These findings are also confirmed by the results of the
field study from our research. The content of the containers was examined if possible. The
main irregularities were: mixing the categories of waste and storing breakable equipment
(such as compact or linear fluorescent lamps) improperly. Comparing the results of this
survey with the previous studies in Poland, the number of individuals being aware of
proper disposal methods of e-waste increased, reaching 87 percent of respondents. The
individuals (84 percent) were also aware of the possibility of recycling waste equipment.
The information about the location of small e-waste collection containers was mostly
accessed by personal observation—63 percent of respondents. The results showed a low
number of individuals willing to dispose of small e-waste in the future. This could indicate
a lack of information programs or marketing campaigns to encourage the population to
dispose of small e-waste. The individuals” evaluation of the containers’ noticeability was
as of average difficulty. The results of the field study confirm the containers placed in
supermarkets or shopping malls lack clear identification and attractive design. The recently
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produced containers located in the residential areas have an attractive design and attractive
advertising slogans.

Future work should focus on the identification of categories of e-waste collected in
containers. Waste collection companies should support further research to identify the type
of equipment, and its amount in a container. These data will allow for waste collection costs
analysis and evaluation of the effectiveness for each location of the e-waste containers.
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