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Abstract

The e-waste pile is constantly increasing, 41.8 million tons e-waste was generated
in 2014 and prognosis shows there will be further increases. On one hand,
technological reasons for discarding electronic devices, such as life cycles of
products is an explanation for e-waste. However, non-technological reasons like
lifestyle-indicated rebuying or psychological obsolescence lead in addition to
more and more replacement of electronic devices — especially mobile devices —
before they have reached their end-of-life. Furthermore, products that are designed
with short life spans with the intention of generating frequent repurchases (planned
obsolescence) are supplementary drivers for the increase of the e-waste pile. Since
companies nowadays depend highly on the usage of computers, they of course
contribute to the e-waste generated by private users. In this paper, however, we
specifically focus on companies’ approach towards reducing, reusing, recycling
and recovery (4Rs) of e-waste. Based on interviews with managers, responsible
for companies’ e-waste handling, we identify different approaches towards these
4Rs. As aresult, we see that companies’ approaches towards reduction of e-waste
are mainly targeting towards prolonging the life spans of computers, driven by
costs evolving from replacement. Reuse, however, is an issue which is shifted to
partners and experts outside the companies. The same is true for recycling and
refurbishment. We identified different categories of ICT products, which are
replaced more likely before reaching end-of-life, in particular smartphones.
Concerning peripheral ICT hardware (printers, projectors), other triggers, e.g.
energy efficiency of newer devices or new technologies, dominate the reasons for
replacement. Based on the so-gained insights, we depict the results in a matrix of
the current approaches towards 4Rs of e-waste in business.
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1 Introduction

Electronic waste or e-waste is one of the scourges of humanity. Living without
electronic devices seems to be impossible in the developed world — with severe
consequences. At the end-of-life, electronic devices add up to a huge pile of
e-waste. However, the computerization and further increase of mobile devices as
well as the integration of computer hardware into non-computer products (e.g.
cars) to realize connectedness between different components constantly multiplies
the amount of e-waste. In addition, short life cycles, lifestyle-connected rebuys
and the fast development of new technologies speed up this trend. The frightening
impacts on the environment and society are the depletion of rare metals, pollution
of the environment and poisoning of people living close to e-waste landfills, to
name just a few. Although the e-waste topic has found attention in research and
public authorities, this consideration mainly focuses on the environmental,
economic and social impacts in countries — often developing countries — where the
electronic devices are dismantled [1-3]. To date, only a few studies have
investigated how organizations handle this issue. The focus so far was on the
responsibility of producers [4-6], however, organizations using computers also
have a responsibility. Consequently, our research serves as a starting point to
understand how organizations tackle the e-waste problem. We rely on concepts,
stemming from the corporate social responsibility (CSR) and business ethics
research community and focus on the awareness of organizations for their
responsibility towards e-waste. We conducted interviews, revealing organizations’
approaches towards reduction, reuse, recycling and recovery of e-waste. Our main
question therefore is: how do companies adopt their responsibility for the e-waste
they generate. The rest of the paper is structured as follows: first, we give a brief
introduction into the state of the field, second we explain our methodological
approach, followed by results of our studies. Finally, we discuss the results and
show their contribution to research, society and business. We finish this paper with
a sound conclusion, limitations and further research possibilities.

2 State of the field

All over the world, the so-called Information Society [1] depends on computers,
providing the highly valuable resource of information, but at a high price: the
necessary hardware is produced mainly in low-income countries where
environmental protection is often not an issue [2, 3]. Furthermore, computers
require scarce and precious resources (e.g. gold and tantalum), mined under
miserable working conditions [2, 4]. While using computers, the energy used
generates greenhouse gas emissions [5]. Besides production and usage, the disposal
in the form of e-waste shows even more impacts that are negative. The far-reaching
consequences of e-waste can be found in at least two dimensions: time [6] and space
[7]. In terms of time, disposed e-waste may produce hazardous substances, leaking
into the soil, which returns into the food chain via polluted ground water, finally
poisoning nutrition over time [8—11]. The spatial problem refers to the fact that
computers having reached their end-of-life are shipped to developing countries,
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masqueraded as donations to avoid disposal costs [7, 12—14]. Once in the country,
the computers are destroyed and cannibalized: rare and precious materials are
excavated, the rest is disposed or burned, leading to heavy pollution of the air [7,
11, 15]. In addition, the excavation takes place without preventive measures, being
suspect to causing cancer and low life expectancy [8, 15, 16]. Although regulations
and voluntary initiatives are in place, they are often evaded [17]. Unfortunately,
the amount of electronic waste (e-waste) is further increasing. According to a report
published by the European Commission in 2005, 9 million tons of e-waste have
been generated and 12 million tons are forecasted for the year 2020 [13]. When
talking about electronic waste (e-waste) or waste evolving from electrical and
electronic equipment (WEEE) every pieces of hardware used in private households
and business, from washing machines, TV sets to computers is part of it [7]. The
EU e-waste guideline 2012/12/EU [18], for example, names ten different
categories, but excludes large-scale electronic plants. However, in the business
context the term e-waste especially refers to ICT products respectively goods
including microchips, whereas WEEE is more general and includes white goods,
too. However, these borders become blurry, since microchips are integrated for
communication with each other into non-ICT products (e.g. cars, refrigerators).

In general, devices become e-waste when they are discarded [7] due to
technological, business or other reasons. Technological and business reasons for
discarding ICT products include replacement by better and faster technologies,
deterioration, or incompatibility with new software requirements, to name just a
few [19-21]. Furthermore, products which are designed with a short life-span and
the intention to convince consumers to frequent repurchases (planned
obsolescence) [22] lead to discarding. For example, the life span of a central
processing unit (CPU), used in every computer, decreased from six to four years
between 1997 and 2005 [13]. Other reasons to discard devices are lifestyle indicated
rebuy or psychological obsolescence [20, 23]. This is the felt need of users to
replace a device due to non-technical reasons. Smartphones, especially, are
replaced long before they reached their technological end-of-life [24]. When an
electronic product is discarded due to not fitting the needs anymore, it can be reused
as is by other users with other needs and does not become e-waste [7]. However,
when the technological end-of-life has been reached, recycling, recovery,
refurbishment and disposal are possibilities to handle the devices [11, 25, 26].
Possibilities of recycling, refurbishment and recovery, however, depend on how the
devices are built, as some designs do not allow reassembling, making them
inefficient or even dangerous [7, 10, 11, 27]. Thus, green or eco-design of ICT
products — designing devices in a modular, environmentally friendly way — is a
precondition for achieving e-waste reduction [10]. The 4Rs — reduction, reuse,
recycling, and recovery — are not new in the field of waste management, but,
e-waste studies targeting towards the 4Rs can rarely be found [28].

3 Methodological approach

To examine how companies tackle e-waste, we conducted open qualitative
interviews to explore relevant issues from the interviewee’s perspective [37, 38].
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To identify characteristics and explore patterns we used thematic analysis. With
this approach, one is able to evaluate the manifest content of statements. This
requires condensing the interview information via a structured summary and
making the interviews comparable without neglecting their specificities [39]. We
conducted semi-structured topical interviews with managers responsible for
e-waste in January 2015. Based on literature we designed an interview guideline
with pre-defined topics. Thus, we were able to embrace the whole subject area in
accordance with the research question [40]. The pre-defined topics include
(a) e-waste (what is it, how much is allocated at your company, how long are the
life cycles of devices, does green design influence buying decision?), (b) end-of-
life handling (what is happening to the devices at the end of life?), and
(c) responsibility for e-waste (who is/should be responsible for e-waste?).
Moreover, the interviewers encouraged the interviewees to further explain their
thoughts by keeping the interview open [37]. The interviews were audio-recorded,
transcribed and analysed. All interviews were conducted in the native language of
the interviewees and interviewers. We used the software Atlas.ti for coding and
analysis. Two researchers were involved in the coding process. The coding process
was led by the topics of the interview guidelines. In the course of the analysis, we
developed categories from the interviews.

Interviews were conducted on the phone and face-to-face. The interview length
was between 22 and 47 minutes. Concerning their position in the company, one
interviewee is technical manager, responsible for all technical equipment (I1), the
second is a chief information officer (CIO) and chief financial officer (CFO) and
the third one is a CIO. All interviewees have been in the companies for several
years and in the current position for at least five years. The companies are operating
in different industries and are of different size. Table 1 summarizes the
characteristics of interviewees and the interview situation.

Table 1:  Details of interviews and interviewees.

11 12 13
Duration (min.) 35 47 22
Type Phone Face-to-face Phone
Position Technical Manager | CIO and CFO CIO
In the company since 2003 2005 2005
In this position 2008 2010 2005
Industry Media Pharmaceutical | IT Services
Employees (approx.) 400 110 25

4 Results

The results developed from the interviews revealed important issues concerning
e-waste handling. Interviewees showed a very clear understanding what e-waste
is: from their point of view, it is waste evolving from the end-of-life of computers
(servers, personal computers, mobile devices) and peripheral components
(printers, monitors, input devices, network equipment). They explicitly excluded
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other technical equipment used in the production (I2) and household machines (11,
12, 13) used in the office (e.g. coffee machines, refrigerators, microwave ovens).
The life span of ICT products in terms of usage in the company ranges from two
years for mobile devices, four years for network equipment, and about five years
or more for other devices. The interviewees reported that most employees have
their own personal computers or laptops, some employees have mobile devices
(i.e. smartphones, tablets). Concerning servers, the companies are very different.
Whereas in I1 it has been reported that they operate about 100-120 servers in
house and outside the company, in 12 it was reported that they hardly have 10
servers in house, since they started to virtualize them. Finally, I3 stated that they
have three servers for their own administration, but run up to 200 servers for their
customers, which they also purchase and maintain, depending on the contracts.

4.1 Discarding of devices

Concerning ICT products, different groups, like small mobile devices (e.g. mobile
and smart phones, tablets), personal computers (including notebooks and fixed
PCs) and servers have been identified. Some peripheral devices (i.e. monitors,
input devices) are experienced as computer-attached devices, whereas others (i.e.
printers, projectors) are seen as shared devices. In addition, network equipment
(e.g. routers, hubs, WIFI access points) has been mentioned. The interviewees
clearly differentiated between devices with short (e.g. smart phones) and long (e.g.
servers) life spans. Furthermore, interviewees expressed various reasons for
discarding devices. Technological reasons include that the device is obviously
broken (Broken), does not work appropriately without any detectable reason (Not
working approp.), newer technology is available (New technology), or new
software requires high-performance hardware (New requirements) and existing
hardware has to be replaced by “current but approved technology” (12). Especially
when devices do not work appropriately without any detectable reason, interviews
experienced it as planned obsolescence. However, interviewees expressed the
necessity to differentiate between unusable (broken) and usable devices, which are
“suitable for private use but do not fit the business requirements we have” (12).
One interviewee (I1) reported that they rent printers; hence, the rental company is
responsible for maintenance, repair and disposal.

Business reasons for discarding are end of maintenance of devices (End of
maintenance), the expectation that new devices are more efficient (Efficiency), or
having reached re-investment cycles (Investment cycle). It has been stated that
hardware life cycles in the company depend not only on technology, but also on
investment cycles to avoid “hardware investment peaks” (I2). Other reasons are
users felt the need to have new devices (user-driven) or organizational issues
(organizational) such as restructuration of the company (a) e.g. after a merger or
(b) when companies move to new offices. Terms in brackets refer to the codes
used in Table 2, which shows detailed information.

Based on the interviews, we identified some reasons for discarding devices to
be common (C), occur sometimes (S) or hardly (H). Common reasons for
discarding devices are marked grey in the table. Especially small mobile devices
are often not replaced due to technological or business reasons, but based on users
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feeling the need to replace the device. Servers, personal computers, network
equipment and computer attached devices are mainly discarded due to
technological reasons, whereas printers and projectors are commonly replaced due

to business reasons.

Table 2:  Device types, life span and reasons for discarding.
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Device type
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4.2 Reduction, reuse, recycling and recovery of e-waste

In the interviews, we identified different approaches to reduce, reuse, recycle and
recover e-waste. In general, the interviewees clearly differentiated between reuse
and reduction, although reuse clearly also reduces e-waste. By contrast,
interviewees did not differentiate between recycling and recovery of e-waste.

Concerning reduction, the most prominent approach in all interviews was to
prolong life span of devices, achieved by buying reliable and repairable devices as
well as by appropriate and regular maintenance. In addition, some organizational
measures, such as replacement policies or buying standardized hardware have
been mentioned. To prolong life span within the company, one interviewee (12)
mentioned that personal computers are shifted between employees when they
become unusable for one task (e.g. requiring high performance), but are still
suitable for other tasks.

Processes at the end-of-life of devices described in the interviews are quite
similar. In general, devices having reached end-of-life from the company’s point
of view (unusable for business) are prepared for discard — removing all data stored
on the device — and collected at a specific storage. Next steps depend on the
devices’ state — is it reusable or unusable. Concepts for reusable devices include
selling devices or using as spare. Mobile devices especially are sold with the help
of intermediaries on the market, since “mobile devices are of value, it is waste that
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brings money” (I1). In addition, two interviewees mentioned that the company had
sold usable devices — not only mobile devices — to their employees on an “internal
flea market” (I2). Other reusable devices are stored as a whole or disassembled in
parts, which can be reused as spare parts for devices of the same type.

Concerning unusable devices which have no market value, companies rely on
waste specialists. The specialists take over the responsibility for all devices
collected from the company and identify the state of the device. The specialists
decide which devices can be recycled or recovered and which have to be disposed
of. All three interviewees expressed the need to know what happens to the devices.
They emphasized their responsibility to select an appropriate partner company,
who is “reliable, trustworthy and provides a high level of transparency” (I12).
Shared devices are somehow different, since they — especially printers — are often
not owned by the companies and take back by the sellers has been guaranteed in
contracts, leading to refurbishment of the products.

Table 3:  4Rs and device types.
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5 Discussion

With this study we want to explore how companies handle e-waste. To clarify the
issue, it is first necessary to understand how companies define e-waste, which
reasons exist to discard devices and which measures are in place to reduce, reuse,
recycle and recover e-waste. In general, we identified that companies define
e-waste rather similarly as waste evolving from the end-of-life of computer
devices.

However, companies discard computers due to different reasons already before
the devices have reached their end of life, depending on the device type and
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technological, business and other considerations. Approaches to reduce, reuse,
recycle and recover e-waste are rather similar in the companies in our sample, but
different again for different device types. Based on the interviews, we gained first
insights into this topic and want to discuss the results from different points of view.

As we have seen, different device types are handled differently concerning
reasons for discarding and handling. Small mobile devices (i.e. mobile phones,
smart phones, tablets) are very specific as they have a relatively short life span
(2 years) and are used one per employee. Moreover, discarding is primarily
triggered by user demands. In addition, efforts to reduce e-waste or prolong their
life span do not apply for small mobile devices. Considerations to buy more
standardized, reliable or repairable mobile devices seem to be missing in the
context of mobile devices. This may be due to the fact that mobile devices are
lifestyle products and most prone to psychological obsolescence [20, 23], as
already discussed in other studies [24, 29]. This is in line with e-waste numbers:
almost 15% of e-waste created in 2014 were mobile devices [30]. Only reuse due
to the market value seems to tackle this issue, however, this market value exists
because they are discarded before reaching their end-of-life. Another very specific
device type are shared devices, as the business reasons are commonly triggering
discarding. This may be due to the fact that they are not critical for the business,
can easily be replaced and do not contribute to companies’ value creation. In
addition, companies do not own but rent them and thus maintenance contracts are
steering the replacement. However, they are very specific in two aspects: first,
efficiency plays an important role for shared devices, since the interviewees have
directly addressed the energy efficiency of printers. Second, the possibility that
suppliers take back devices for refurbishment has exclusively been mentioned for
printers. We conclude that companies shift their responsibility for e-waste for
shared devices to the suppliers. Finally, devices such as personal computers
(including notebooks), servers, computer-attached devices and network equipment
share characteristics. First, the life span is about 4-5 years; second, technological
reasons are triggering discarding and third, reduction and reuse efforts influence
those most. We conclude that companies focus on those devices since they bring
the most value for the company or at least keep the business up and running. As
stated above, computers are a precondition for companies’ competitiveness in the
information society [1].

When looking at the companies’ efforts to apply the 4Rs, we see that companies
adopt responsibility for reducing e-waste, whereas the other Rs are mainly outside
the companies’ scope. Reduce e-waste is connected to buying decisions and
attributes of the devices, including quality, standardization and possibilities to
repair the device. All three target towards prolongation of life span, supported by
appropriate maintenance whereas quality has to do with trust in the supplier and
standardization targets towards the possibility to use ‘old’ systems as spare parts.
Concerning repairability, in contrast to everything said above. This also occurs in
the context of smartphones, maybe because issues on smartphone modularity and
repairability have been in the media lately. Interestingly, green design has not been
reported as an influencing factor for buying decisions. Although one interviewee
(I1) stated that this is not an issue, because buying decisions are influenced by
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many other factors (e.g. price, compatibility, security and future proof devices),
interviewee two (I2) mentioned the lack of labelling to be able to integrate green
design into this decision. Interviewee three (I3) even expressed the need to have
regulations or benefits, supporting companies in their efforts to reduce e-waste.
Although energy efficiency labels are well known, they influence purchase
decisions only when “hardware offerings are similar in all other points” (12).
Although companies are aware of Life Cycle Analysis (LCA) of products, they
have never considered an LCA as the basis for a purchase criterion. Whereas
reduction is directly connected to internal measures before or during the life span
of computers in the company, reuse, recycling and recovery are clearly located
beyond the scope of the companies and their e-waste management. Efforts to
reuse, buy, sell devices or use them as spare parts show that they feel implicitly
responsible for them [31]. Outside the companies, partners specialised in recycling
and recovery or intermediaries, selling usable devices on the market, take over this
responsibility. Companies utilize all possibilities before disposal of devices to
reduce e-waste, but some decisions are shifted to partner companies. Interestingly,
all interviewees connected the term e-waste to issues being published in the media.
The main aim is to avoid that their devices “pop up in one of these illegal landfills”
(I2) to not run into problems like loss of reputation [32, 33]. Consequently, the
interviewees underlined their efforts for selecting the right partner with high
standards and transparent processes.

Based on the above stated discussion, our work contributes to the current
discussion in different ways. Firstly, we provide a basic understanding on how
e-waste is seen in companies and integrate it into the current research on e-waste
[13, 34]. Our research is a first step for clarifying approaches towards reduction,
reuse, recycling and recovery of e-waste. This also contributes to the current
sustainability discussion, which has slowly found its way into research disciplines
beyond business ethics [35]. Secondly, with our research we contribute to practice
since we provide first insights into companies’ approach to e-waste handling. By
describing a general process and identifying reasons for discarding ICT, this
research may serve as a rough guide for business. In addition, we show concepts
inside and outside the companies, which may foster as an example for other
companies.

6 Conclusions, limitations and further research

In this research, we provide insights into e-waste handling of a rather small sample
of companies. The companies are located in very different industries, are of
different sizes and produce different amounts of e-waste. However, their e-waste
approaches, processes, reasons for discarding ICT devices and life spans of
hardware are surprisingly similar. It becomes observable that all three companies
adopt responsibility for e-waste, but with some constraints and restrictions. The
differentiation between device types, the concepts for usable and valuable devices
as well as finding that the reduction of e-waste is more located in the company,
whereas the other Rs being shifted to partners are new and will hopefully start a
discussion. Obviously, this research has some limitations. Firstly, the interviews
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10 Waste Management and The Environment VIII

are not representative; not for companies nor for the industry. Secondly, the
interviews are strongly influenced by the experience the interviewees have. Thirdly,
all companies in the sample are located in the same country and therefor share the
same external conditions. Based on these limitations, our future research direction
is clear: extending the basis by conducting additional interviews to be able to
develop a deeper understanding on e-waste handling in companies.
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