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Abstract: The increasing amount of waste from electrical and electronic equipment and the resulting
environmental issues are challenging, since product life cycles are too short, and companies continue
to rely on linear (business) models. The Circular Economy is an approach to meet these challenges by
extending the product lifetime. One way to extend the product lifetime is to repair them. However,
since there has been no detailed research on the repair sector yet, this article aims at conducting a
repair study in Germany to understand the repair process and get insights into typical failure patterns.
Therefore, we analyze the repair sector’s current barriers from different perspectives, especially of
customers and businesses. We discuss the results of the repair study, where 382 repair attempts
were conducted, with a total success rate of 55%. Moreover, the participants were interviewed
to understand their barriers and motivation for repair. Based on the study’s interim findings,
recommendations for action are given to make the repair services more attractive for the repairer and
customer. Based on the findings, an interdisciplinary approach to improve repair processes by using
a digital repair portal is derived.

Keywords: repair; repair study; life cycle extension; circular economy; electrical and electronic
equipment (EEE); waste electrical and electronic equipment (WEEE)

1. Introduction

Electrical and electronic equipment (EEE) has become an essential part of everyday
life and is indispensable in modern societies. Higher levels of incomes, shorter life cycles,
growing urbanization and further global industrialization are leading to increasing amounts
of EEE [1]. EEE are often complex due to multiple materials, different joining techniques
and product structure, which is usually optimized for manufacturing and assembly. Some
of the materials used are valuable (e.g., gold, silver), while some materials are potentially
hazardous (e.g., mercury) or are classified as conflict materials (e.g., cobalt) [1,2]. At the
same time, the average lifetime of EEE is decreasing to under five years currently, which
results in steadily increasing amounts of electronic waste [3]. However, the lifetimes vary
greatly depending on the category of equipment (e.g., mobile phones or large household
appliances). As a consequence, the global amount of waste of electrical and electronic
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equipment (WEEE) was 53.6 million tons in 2019 and is expected to be 74.7 million tons
in 2030 [1]. This means that global WEEE is expected to grow by around 2 million tons
annually [1]. Even most European countries with a formal WEEE-management system,
such as Germany, have relatively low collection and recycling rates of around 40 to 50% [4].
Through illegal exports, WEEE often ends up in developing countries and has particularly
harmful effects on the environment and human health if not handled in an environmentally
sound manner [1,2].

The Reuse and Recycling of WEEE can contribute to sustainability and climate goals.
A key enabler for using resources in a sustainable way is the successful implementation of
a Circular Economy. The overall aim of the Circular Economy for EEE is to create environ-
mental quality besides economic prosperity and social equity by implementing activities
to reduce, reuse and recycle in production, distribution and consumption processes to
close resource cycles [5]. These activities are also called cascade use, in which repair is
followed by reuse and recycling as the last of the end-of-life activities. The activities are
based on the EU waste hierarchy, with decreasing utility of the product and increasing
(ecological) impacts of the processes along their hierarchy position [6,7]. According to
the waste hierarchy, waste should be avoided in the first place before it has to be treated.
Repair as the highest cascade in the hierarchy is beneficial from an environmental and
economic perspective as it prolongs the product use time of EEE and, thus, slows down
the production and consumption cycle and saves energy due to a low disassembly degree
in comparison to, e.g., refurbishment and recycling [8–10]. In contrast to remanufacturing
and refurbishment, repair only replaces defective components and achieves a lower target
quality. Thus, it might not meet the functionality of a new product and might be more
inferior regarding reliability specifications [11].

Even though repair can offer economic and environmental benefits, it has not been
fully studied in research so far. Most studies in the literature focus on defects, while the
repair processes of EEE are mainly based on surveys and interviews. A survey-based study
by [10] concluded that the low price of new products and the poor access to competent
repairers are the main barriers for customers to repair EEE. Based on interviews, [12]
investigated the drivers and barriers of the repair of EEE and the different roles of involved
stakeholders. The results show that a growing user’s awareness is a driver for an increase
in repair but that repair activities are currently not properly promoted and supported by
communities [12]. Nazlı explored the repair motivation and barriers for smartphones and
non-electronics and identified factors that affect users’ repair behavior in general [13]. The
users’ repair behavior is influenced by technical (e.g., required knowledge, skill and time),
emotional (e.g., attachment to the product) as well as value (e.g., condition of the product)
factors [13]. Cobbing et al. analyzed the reparability of smartphones, tablets and laptops
through a repair index based on ratings from the ‘Do-it-yourself’ (DIY) repair platform
iFixit and the availability of spare parts and repair manuals by OEM [14]. Only three of
the 17 analyzed OEMs provide easy access to spare parts and repair manuals to encourage
the repair of their products [14]. Raihanian Mashhadi et al. analyzed break and repair
narratives of EEE reported by customers from a survey by iFixit [15]. The results show
that product damage is often caused by the user and can also be successfully repaired in
most cases by unprofessional repairers [15]. Based on a survey of professional repairers of
customer electronics in the U.S., [16] found that uncertainty in determining labor costs is a
challenge for repairers and that customers have less willingness to repair their low-priced
EEE. Different defects of washing machines and dishwashers were analyzed by [17]. Some
weak but relevant components of the household appliances were, in most cases, the reason
for the failure [17]. In the U.S. and EU, policymakers are attempting to increase the number
of repairs through the legal frameworks of the EU Ecodesign and U.S. Right to Repair
legislation. Svensson-Hoglund et al. identified a wide range of legal barriers to the repair
of EEE [18]. The product design as well as intellectual property, consumer laws, taxation
and the supply and demand of the repair services currently hinder the repair attempts [18].
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However, data from different accomplished repair attempts and frequent failure
patterns of EEE are missing in recent literature. In addition, the data collection of the
repair process and defects is applicable only to specific products and is difficult to compare.
Important parameters of the repair process, such as the repair time and the rate of successful
attempts, are also missing in the current studies.

Research Objective and Outline of the Paper

While repair is important from economic and environmental perspectives, recently,
it has nevertheless not been accepted: Study results show that the demand for repairs
remains very low, with just 9.56% of customers having ever repaired broken household
EEE [19]. This leads to the question of why repair activities currently seem not attractive
enough. Therefore, the goal is to understand the current barriers of repair activities. This
aim goes along with the implication of identifying the main stakeholders in the repair area
and understanding their attitudes towards repair services.

In order to support this understanding, two approaches have been followed in this
research: First, a literature-based reflection on the barriers of repairing EEE has been
conducted from the perspective of the main stakeholders. Second, an own repair study has
been conducted to further elaborate and reflect on already-identified barriers. The repair
study focuses on the barriers related to EEE and their repair service and was therefore
carried out to answer the following research questions:

(i) What are current challenges for the not-company-bounded (free) repair services of
EEE on an industrial scale in Germany? (Sections 2 and 4)

(ii) What are typical failure patterns of different EEE products? (Section 4)
(iii) How can the identified barriers be overcome? (Section 5)

The discussion of these questions helps in the derivation of recommendations for
action in regard to the involved stakeholders in the repair process.

2. Background

The average amount of global EEE consumption is growing by 2.5 million tons
annually [1]. At the same time, the average lifetime is decreasing, and many devices
are being replaced, even though they still work well or can be repaired [3]. This leads
to a huge amount of WEEE. Improper handling of WEEE has a negative impact on the
environment and human health. For example, 98 million metric tons of CO2-equivalents
are released from discarded refrigerators and air conditioners that are not disposed of in
an environmentally sound manner alone. This is approximately 0.3% of global energy-
related emissions [1]. As a result, valuable materials and functioning products as well as
components are lost. Without the intent by its owner, EEE becomes WEEE once it has been
discarded and generates one of the fastest growing waste streams [20].

Strategies for extended product use and the avoidance of WEEE are provided by the
concept of the Circular Economy, with approaches aiming at reducing resource consump-
tion and minimizing emissions [1,5]. The central principle of Circular Economy, besides
aiming at sustainable development, is to use materials and resources in several cycles for
as long as possible and to avoid inefficient use of resources by discarding them [5,7,21].
The successful implementation of the Circular Economy is based on new business models
and responsible customers [5]. Although the positive environmental impact of a lifetime
extension has already been proven, the environmental aspect has been considered only
subordinately in the literature. Furthermore, from an economic perspective, repair is
beneficial as it increases the demand for skilled labor. According to a survey, 77% of the
European citizens would rather repair their products than buy new ones [22]. The main
reasons against repair of used EEE are the lack of attractive repair services and the attitude
of customers towards used equipment and repair [15,23]. Since the defect of a product
is with 55.6% the main cause of a product’s replacement [24], and a repair can increase
the useful life by restoring product functionality [10], it is necessary to understand and
solve the current barriers in the field of repair. The barriers are not limited to the technical
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feasibility of the repair, but they concern many other aspects, such as customers as well as
economic and political boundary conditions.

2.1. Stakeholder Involved in Repair Activities

To understand the repair sector, it is necessary to identify the key stakeholders and
their influence on repair services. The repair of an EEE is realized if a need by the owner
of an EEE exists and an attractive offer of a repair service is available. Consequently, the
repairer and the customer have a major influence on the decision so that they both act as the
main decision-maker and main performer of the repair [25]. That is why they are attributed
to the foreground stakeholder system in Figure 1. To conduct the repair, the repairers are
mostly dependent on the complex access to the spare part supply that is mainly provided
by the OEM and further spare part suppliers [18]. Subsequently, the background system
is also of high interest, with stakeholders like the OEM, government, spare part supplier,
logistics, NGOs and the recycler to foster circular repair activities. Subsuming this, the
repair sector consists of many influential stakeholders and has not yet been adequately
investigated [26].
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Repair activities can be distinguished by different service types: Repair services
include those offered by professionals like manufacturers and contract repairers (OEM-
authorized repairers), by independent repairers, and those provided by semi- or non-
professionals within the DIY movement (private individuals or repair cafés) [18]. Most
research has focused on professional or semi-professional offers, whereas only few insights
into DIY-repair services exist [10]. DIY activities are mainly based on repair instructions,
published as open access video tutorials or textual and photographical manuals on plat-
forms, e.g., iFixit. OEM-based repair activities or independent repairers can further be
differentiated into web-based offers and on-site assistance, whereby both options come
with their own advantages and disadvantages (e.g., customer proximity, specializations on
product categories or brands, economies of scale). Hence, a customer faces a multitude of
repair options and the complex dependencies between the actors of the background system.
Beyond that, the decision for a repair depends not only on the different repair offers and
their dis-/advantages, but also on the potential competition with the purchase of a new or
used device [27–29].

2.2. Barriers for Repair

While, in many cases, the repair of EEE is possible, in practice, different barriers
prevent and complicate the repair option so that the repair activities seem less attractive.
The various barriers can be classified into different categories, such as customer-, product-
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and legal barriers, as presented in the following to answer the first research question. These
categories are derived from the foreground system of stakeholders involved and structure
the various barriers and challenges. Customer-related barriers include the obstacles of the
owner of the product to decide whether to repair or not. The repairers’ perspective and
their technical challenges of the repair process are reflected by the product-related barriers.
Legal barriers affect both actors in the foreground system and describe the legal constraints
that hinder repair.

2.2.1. Customer-Related Barriers

If a product is defective or no longer fully functional, the customer can decide whether
or not to attempt a repair. The price of repairing a defective EEE has the most significant
influence on the decision of a customer for repair or replacement [30]. Customers might
be willing to repair their product if the associated repair costs of labor and spare parts
do not exceed a certain undesirable threshold [17]. For example, the willingness to pay
for the repair of small EEE is estimated to be about 20% of the replacement costs [31].
A difference can be made between the technical and functional lifetime: products at the
end of their functional lifetime (i.e., defective devices) might not be repaired if they are
additionally at the end of their technical lifetime (e.g., CD- or MiniDisc-player) [32]. In
particular, devices that are subject to heavy use or EEE that can be easily replaced by the
customer are exchanged more frequently than other devices on average, even if repair was
financially attractive [18,33]. Hence, in terms of costs, customers sometimes do not decide
rationally, as they decide for a more expensive replacement instead of an economically
more viable repair [29].

Besides the pricing, (missing) information or knowledge can also be a customer-
related barrier for repair. For example, customers rarely estimate the expected lifetime
extension through repair due to missing information on the actual product condition and
the potentials of repair. This competes with the assumption that new products are of a
higher quality and often sold with warranty [34]. Consequently, the value and durability of
repaired and refurbished products is not assessed equally by customers, even if lifespan
and quality are the same as for new devices [34]. The lack of information also leads to lower
confidence of OEM or professional repair services. This goes along with short innovation
life cycles of new products and the desire for a new EEE [35]. In addition, due to internet-
accessible information, the EEE user knows much about the EEE’s performance in its past
and about possible failed repair attempts [36]. This could lead to minimizing confidence in
the longevity of the EEE and, subsequently, may be a reason against another repair attempt,
as the perceived quality of the service or product does not seem to be given [10].

A further customer-related barrier relates to the unavailability of the EEE from the
time of the defect until the successful repair. Depending on the damage and the availability
of spare parts, the time required for repair may increase. During this time, the customer
may have to find a substitute or have to do without it for a while. Especially devices that
make life hard to do without daily use, such as mobile phones, are therefore more likely to
be replaced by the customer than repaired [33,37]. Therefore, the more the customers need
the product in everyday life, the less likely they are to choose repair over replacement.

2.2.2. Product-Related Barriers

Many barriers to repair result from decisions in product design [18]. The product
design has a significant impact on product life and can make repair difficult or impossible.
On the one hand, the use of low-quality materials and components shortens the product
life and durability of EEE [38], and on the other hand, some products cannot be dissembled
and repaired without being destroyed [39,40]. Examples for these problems are the use
of glue and non-destructive connections, which can make repair more difficult. In case of
batteries, OEMs often make use of adhesives and solder to assemble batteries in EEE [41].
As a result, specialized tools and knowledge are required for disassembly. Furthermore,
decisions about the product’s reparability and the use of specialized tools for repair are
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made in the design phase and are a barrier during the repair attempt [38]. Often, the repair
is hindered by a lack of information, e.g., circuit diagrams and component specifications,
and spare part supply, which make repairs unattractive due to missing predictions of, e.g.,
required cost and time. The lack of availability or sourcing of spare parts poses a major
repair challenge.

Another indirect obstacle and reason for unsuccessful repair processes are spare parts
and required special tools, especially for laptops, TVs, game consoles, smartphones, etc. [42].
Spare parts are often not available or too expensive [43–45]. The sourcing of spare parts
can be either too time-consuming due to global supply chains or too costly, e.g., for original
equipment. Further bureaucratic barriers, such as individual customs restrictions and tax
liability, also make it difficult to obtain spare parts. The same problem applies with the
need for specific special tools which are required for the repair process [43,45,46].

Other problems are missing software updates for various products, such as smart TVs.
A device might still work in general; however, due to not existing updates, a couple of
functions may not be working any longer.

All of these mentioned problems are solvable, since most of them exist due to economic
reasons. A design for repair and recycling is often relatively easy to implement, but the
right legal regulatory framework is still missing.

2.2.3. Legal Barriers

From a political and legal point of view, in recent years, the EU has created a compre-
hensive set of regulations on product responsibility in the electronics sector in the form of
various directives to make the OEMs of EEE more accountable for their products [46–48].

Currently, policy makers have not established a comprehensive legal framework for
the repair opportunity for customers and professional repairers. The European Green Deal,
published in 2019, promises to prioritize waste prevention measures in its Circular Economy
Action Plan (CEAP). These include making as many products as possible more easy to repair
and reuse, and allowing customers to choose durable and repairable products [49]. The
CEAP will also “analy[z]e the need for a ‘right to repair’” [49] to empower the customer’s
choices. It is currently difficult to estimate how the needs of customers and repairers will
be met by legislation in the future. However, the current attempts of politics and justice
do not yet lead to a significant change in the industry and transformation to a Circular
Economy [28].

Except for the latest EcoDesign-directive, less attention is currently being paid to the
reparability and durability of EEE. The EU’s EcoDesign-directive aims at reducing the envi-
ronmental impact of EEEs by taking into account their entire life cycle. Since 2021, some
product-specific regulations of the EcoDesign-directive have addressed elements such as
reparability and the design of the products. OEMs are required to provide repair manuals
for certain products and to design products that can be repaired with standard tools without
damaging the product [49,50]. However, regulations have only come into force for a few
products, such as refrigerators, washing machines, televisions and monitors [49,50]. Never-
theless, a more comprehensive legal framework to ensure the durability and reparability of
the entire product spectrum of EEE is missing so far.

From the perspective of repairers, the lack of access to the necessary resources and
product knowledge and the current legislation in favor of OEMs hinder the repair of
many EEE [18]. For a professional repair, access to certain resources such as spare parts
or specialized tools is a necessary requirement. However, on a legal basis, OEMs are
currently not obliged to ensure the availability of necessary spare parts to replace defective
parts [51]. In addition, specialized tools are often required to disassemble defective EEE,
which are not available on the general market [18]. Without these resources, failure analysis
and repair are, in most cases, impossible for repairers. OEMs seem more interested in
selling new products and less in repairing products that have already been sold. Therefore,
unauthorized repairers and private individuals are not provided with product knowledge
for disassembly and repair, such as professional repair manuals or schematics from the
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OEM [18,28]. The product knowledge and resources needed can enable an efficient repair
process, but OEMs are not legally obligated to provide them.

In summary, there are crucial social, technical, economic and legal barriers that cur-
rently hinder efficient and economic repair for both repairer and customer. As shown in
Figure 2, there is an interdependence between the different barriers, and the transitions
between the categories are seamless. For instance, solving legal barriers can reduce the cost
of repair, making it more attractive to customers. The conscious customer’s decision to
repair EEE might change the industry and influence policy as well as legislation.
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3. Methodology of the Repair Study and Data Collection

In order to achieve a deeper understanding of the repair barriers in Germany and to
gain insights into the complex repair business, especially from the perspective of brand-
independent repairers, a repair study was conducted as part of the “EffizientNutzen”
project. In this project, data-based business models for cascade use were developed, and
the extended product use, and, thus, also the repair, of EEE was examined. The overall
aim of the repair study was to identify the challenges in the repair context and to derive
recommendations for action. In this study, a mixed-methods approach was chosen. On
the one hand, the repair process and the technical challenges were investigated through a
descriptive quantitative proceeding in cooperation with Robert Bosch GmbHGermany (see
Section 3.1). On the other hand, results from conducted quantitative and qualitative cus-
tomer surveys have been presented and used to understand the socio-technical dependency
by identifying customer barriers and drivers (see Section 3.2).

3.1. Repair Study Design

The descriptive quantitative investigation took place at the project partner Robert
Bosch GmbH, Automotive Aftermarket, Electronic Service (short: Bosch) in Lower Saxony,
Germany, between January and December 2020, by repairing EEE. Bosch and its employees
have the needed expertise, infrastructure and network to execute the repair study for a
larger number of different EEE, because one of Bosch’s business models is the repair of
electronic devices in the automotive and household field.

In order to define the permissible EEE categories for the repair study, a systematic
selection process took place. Here, it was identified that traditional repair companies focus
mainly on the repair of large EEE, such as washing machines and electric stoves, as well as
the repair of multimedia devices, such as smartphones, tablets and laptops. In contrast,
repair services for products like HiFi, electronic instruments and electronic toys are either
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not widespread or seem unattractive to users due to high repair and replacement costs.
Furthermore, products like televisions and electrical instruments are, in general, higher-
priced products, which are used for relatively long. Therefore, for a better understanding,
for brand-independent business models besides the already existing ones, Bosch chose
the product categories (1) HiFi and audio, (2) televisions and monitors, (3) electronic
instruments, (4) electronic toys and (5) game consoles for investigation in the repair study.
It was designed on the sequences of a generic repair process, taking into account logistics
and spare part procurement in addition to the repair process itself.

In total, 382 repair attempts during the repair study were realized. The study was
advertised as a free repair trial to interested people living in Germany. Relevant processes
and parameters are illustrated in Figure 3. The free repair trial included free dispatch and
free spare parts up to a value of 5 euros. Every participant was allowed to send in only
one defective device which met the requirements mentioned above (e.g., accepted product
categories) to ensure the participation of only non-commercial users. Another requirement
for participation in the study was the contribution to a web-based survey, which asked
for details on the defective product and personal repair experiences as well as wishes of
the interested person, e.g., the preferred distance to the delivery point for the defective
EEE. After registering for a repair date, the participant received a dispatch label, free of
charge, and needed to send the safely packed product to the repairer. Alternatively, the
owner could directly hand in the product at the repair location. If higher-priced spare parts
were necessary, a repair could be carried out in consultation with the customer and cost
sharing. If the repair trial was not successful, the customer could decide whether to have
the defective product returned or have it professionally recycled (free of charge).
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3.2. Accompanying Surveys

In order to understand the customer perspective and their drivers and barriers to use
repair services, two types of surveys, both quantitative and qualitative, were conducted
during the time of the repair study. The first survey, a quantitative, web-based survey,
needed to be answered by every participant of the repair study during the registration
process. The aim of the quantitative survey was to record the general participant data
and thus gain a better understanding of the participant group by asking demographic
questions, e.g., age, gender and questions about the defective EEE. As illustrated in Figure 4,
the 382 participants in the repair study were primarily men, with 81%, and they came
from all over Germany. The participants belonged to all age groups, with an average age
of 55 years and all levels of education and employment status. The participants were
non-representative for the German repair sector, as the study was advertised as a free repair
trial to interested people living across Germany (convenient sample).
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Figure 4. Overview of participants of the repair study (n = 382) with frequencies of the (a) age
distribution, (b) gender–age distribution and (c) gender distribution.

The questionnaire was based on existing literature, where themes like consumer-
related and economic barriers, requirements by consumers, drivers for repair, attitudes
of consumers regarding repair and, for example, boundary conditions for DIY repair
attempts were asked to consumers and professionals from repair shops [12,42,52]. The
questionnaire was expanded by relevant questions resulting from the repair process at
Bosch. The participants were asked about their defective EEE devices, their personal repair
background (e.g., already-existing experiences) and requirements for the repair services.
The repair requirements included options, e.g., of transport type, of treatment if repair was
not successful, of urgency and theoretical willingness to pay for the repair outside the study.
For the analysis of the anonymized data, a descriptive evaluation was chosen.

In the second survey, a qualitative customer survey in the form of semi-structured
interviews was conducted at the end of the repair study. The goal was to understand
more deeply the motivations, challenges and drivers for repair services. Therefore, all
study participants were contacted via email and asked to contribute to the qualitative
survey. From the responses given, participants were selected to represent various categories,
including repair experiences, economic affairs, green image etc., ensuring the widest
possible range of customer characteristics. A sub-group of 19 informants (3 females and
16 males) from the participants was asked about their general attitudes towards repair
services and especially their satisfaction with the repair study. Interviews were conducted
until no new findings emerged. The interview guide was developed based on existing
literature on the field of repair services. The interviews were audio-recorded, lasted
between 20 and 40 min and were examined with the video-conference tool Webex by
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two interviewers. A simplified transcription was chosen, and the anonymized data was
analyzed with MAXQDA using a qualitative content analysis.

4. Presentation and Discussion of the Results of the Repair Study

The evaluation of the repair attempts revealed valuable insights into the repair sector
of EEE. The results can be differentiated in technical results from the analysis of the repair
process (see Section 3.1) as well as socio-economic results from the accompanying surveys
(see Section 3.2). Both are presented in the following in more detail, which is followed by
a discussion of the results and the limitations of the study to answer the first and second
research question regarding barriers and typical failure patterns.

4.1. Results from the Repair Process

In total, 382 repair attempts during the repair study were realized.
The equipment sent for repair consisted largely of HiFi/Audio and TV, with 69% and

18%, respectively, whereas electrical instruments and toys were much lower in number.
Approximately 55% of the total received products were successfully repaired and returned
to the customer. The average cost of spare parts was approximately 19.30 € per repair;
however, the costs could not be determined for all procurements. The average repair time
of an EEE at the repairer was about 5.5 h. Especially TVs and monitors needed longer
repair times. The repair success rate and the key error patterns differed significantly in
the investigated product categories. Defects in the mechanics occurred most frequently
across all products. Furthermore, it should be emphasized that circuit boards and batteries
were often the cause of faults, although they were not present in all devices in significant
sizes. Figure 5 shows the summarized results of the repair study, describing the processed
products, the average required repair time per category, the repair success rate of each
category and the key error patterns for those categories.

Key error patterns are important findings for optimization needs. Figure 5 illustrates
the product-specific key error patterns, while Figure 6 visualizes the cross-product error
patterns and their occurrence. With regards to defect patterns, the repair study shows
that failures on the mechanics and motor, circuit board and connectors and contacts were
identified as the most frequent causes of defects, whereby 15% of the products sent in had
more than one error pattern. Capacitors, cables and switches were the main spare parts
needed for the repair.

To classify the defect patterns, the product age of the products sent in was also recorded.
Figure 7 shows the age of the EEE sent in between 1–50 years, with the average device
being about 13 years old. The calculated median was almost 8 years. The majority of the
EEE was outside the statutory warranty period of at least two years. Of the EEE which
could not be successfully repaired, 39 devices (10.6%) were handed over for professional
recycling at the request of the customer. The study could not reveal a correlation between
reparability and product age due to a too-heterogeneous product distribution.

4.2. Findings from Accompanying Surveys

In the interviews of the repair study, the most common barrier mentioned was the lack
of (attractive) repair offers or at least the transparency about existing repair services (online,
local and DIY). One major reason was the repair costs. Repair costs are often perceived
as too high due to the prevailing opinion that repair services are expensive. Depending
on the respective device type and the (new) acquisition costs, the price for repair services
must not exceed a certain threshold (percentage rate of the price of a comparable new or
refurbished device).
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Barriers, in particular those identified from a self-repair view (DIY), are the lack of
availability of spare parts and, moreover, the lack of knowledge or availability of information,
which prevent self-repair. Besides missing motivation or time, this led the DIY-repairers to
participate in the repair study.

Minor barriers mentioned by the surveyed people were the repair time and, thus, the
unavailability of their product during that time period. A further challenge was a significant
price difference between repairing and buying a new product. Moreover, the customer’s
ability to evaluate the quality of repairs was limited, whereby the perceived quality may
have seemed to be low.
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As further reasons for participating in the study, participants mentioned, for example,
the limited available storage space at home.

Additionally, participants were asked about their preference for how far away the
drop-off location for defective EEE should be in order for them to still consider repairing it.
The results were diverse within the possible options to select (3 km, 10 km and 20 km): 20%
of all participants selected 3 km, whereas 40% selected 10 and 20 km each. Thus, we can
infer that as 80% of the participants were ready to go up to 10 and 20 km to hand over their
products, the radius of the drop off location being the nearest did not play a relevant role
for repair.

4.3. Discussion of the Results and Limitations of the Study

With regard to the barriers of repair presented in Section 2.2, the main findings have
been confirmed by the study’s results and will be discussed subsequently.

The barrier regarding missing repair information mentioned by, e.g., [12] could be
strongly confirmed. Missing information, such as manuals of schematics, led to long repair
times in the study above the market average. This could be explained by the focus of the
study, which was to successfully repair and understand as many typical failure patterns as
possible, rather than conducting an economic repair. In many cases, the repair was carried
out at the component level, which requires specific circuit diagrams, which are often not
provided by official sources. Professional repairers can draw on their experience and, if
available, on specially created repair instructions, while this lack of information prevents
self-repair (DIY).
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The barrier of spare parts procurement could also be confirmed in the study. The lack
of spare parts sources is one of the main reasons for unsuccessful repairs according to,
e.g., [44,45]. In consultation with the industrial project partner, the reasons for missing
spare parts are manifold. Often the repairer cannot find a source of supply for specific
spare parts, also reported by [12]. In some cases, the price or delivery conditions, such as
customs regulations and duties, are so high that the customer refuses a repair. Many of
the parts, such as displays and printed circuit boards, cannot be ordered from authorized
suppliers and had to be obtained from, e.g., eBay and other unauthorized sources. At OEM-
authorized repairers, this may lead to difficulties in invoicing due to their legal policies.
Furthermore, the global procurement may take very long. For the product category of
TV/monitor, on the one hand, only approx. 40% of the required spare parts could be
obtained. The reason might be the often complex and expensive replacement of circuit
boards and screens, which can often also only be replaced as a whole. For game consoles,
on the other hand, 90% of the required spare parts could be procured, which might be due
to the lower component complexity and associated costs. Less complex components could
be produced, e.g., by 3D-printing. However, this contradicts the intellectual property of the
OEM [18].

Problems with the software were few but difficult to repair, especially for older EEE,
where the reasons were often based on the manufacturer and its framework conditions.
Even minor software-related defects, such as missing software updates or system crashes of
smart-TVs, may usually only be handled by licensed repairers, which resulted in unrepaired
products in the study. This is a problem, especially for independent and smaller repairers.

Another barrier concerns the transport. To interpret the low repair success rate of
TVs and monitors in the study, it must be taken into account that transport damage often
occurred, especially in the case of large and vulnerable flat-screen TVs. In consequence,
they could not be repaired due to the high costs of screens and other linked spare parts. In
particular, thin and fragile products are dependent on safe and, in the best case, original
packaging. However, the proper available packaging is often lacking for old and bulky
products, especially for the transport from the customer to the repairer.

The examination of a design for repair of different products was not in the focus of the
study and was therefore considered subordinated, as the repairer cannot change the design
for repair afterwards. Nevertheless, the repairer was faced by challenges resulting from a
missing design for repair. This could be determined across many products, which reflects
the findings in [18]. For example, special tools are required for many repair attempts due
to the special product design [38]. Even the study’s executive Bosch department, which is
generally well equipped for the repair of EEE, had to purchase these to disassemble the
devices and find the defects.

The main social challenge for repair shops, reported by repair experts at Bosch, was
the need for qualified and experienced employees. The employees are faced with hardly
any professional development opportunities within the repair business. This leads to a
declining apprenticeship rate and, hence, a decreasing number of experts in the repair
sector. Furthermore, the image of repairing and also the image and trust of different repairer
types (e.g., licensed repairer, repair services from (big) manufacturers, free repairer, etc.)
are challenging.

From a customer’s perspective, and to some extent also from the perspective of the
repairer, the barriers are primarily the perception of quality. Especially the lack of trans-
parency or knowledge about the quality of repair services (and, thus, confidence in
the longevity of the product after repair) as well as in the consideration of the price–
performance-ratio are customer reasons against repair. These barriers compete primarily
with the option of buying new products, which were observed in [10,42]. Customers
consider most repairs in comparison to a new purchase as too expensive. A distinction
can be made between different types of customer demand with regards to different repair
offers (e.g., customers who prefer online or local repair offers). Users’ repair behavior is
further influenced by their technical knowledge, skills, urgency, their attachment to the
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product, value and condition of the product reported by [13]. These vary between local,
online and DIY offers.

The reparability of a product depends strongly on the errors that occur. The defects can
be technologically not repairable or unprofitable. In the study, we could observe that an
uncertain labor cost and time was a challenge for repairers to confirm [42]. Another finding
of the study was that, based on the study’s design, repair at the component level was
more economical than the repair at the module level. This resulted from the fact that non-
standard modules are more expensive because they must be ordered from OEMs. Resulting
higher personal costs for a longer process time were not considered. The additional effort
for repairing on a component level can be high and may not be economically feasible
outside of the study. Repair at the module level is usually faster and less complex due to
the lower effort.

Beyond the study, we could observe that the repair decision of the customer is preferably
considered the more expensive or durable the EEE is or the more emotionally attached the
customer is to the EEE (see also [42]); however, sufficient data in the study itself are missing.
Another reason for repairing might be the missing storage space at home. Large appliances
tend to be repaired rather than purchased twice, as they would take up too much space. In
contrast, defective smaller electronic toys and radios are stored at home. With the offer of
free repair, the opportunity was often used by the participants to send in these products.

The evaluated data from the study as well as from the surveys were representative for
the products investigated, but they were subject to the conditions of the scientific study
(see Section 4). A limitation is, for example, that only previously defined device categories
were repaired. Besides, the focus was on successful, not economic, repairs that could have
resulted in long repair times (above market average) and thus high labor costs. The free
repair attempt for the participants could have resulted in devices being sent in which were
old or were little used and were therefore not representative for all EEE. These limitations
should be taken into account, in particular, when developing possible business models
based on the study’s results.

Overall, the discussed barriers make repair less attractive and in general more expen-
sive. Some of the discussed suggestions may not be welcomed by OEMs. It can be deduced
that due to pressure from efforts such as the “right to repair” or other initiatives, OEMs
are changing their business models, enabling self-repairs and only doing those themselves
that are either due to safety-related framework conditions (e.g., dangers from working
with electricity) or economic benefits. An example for supporting DIY self-repair is the
cooperation between Motorola and the DIY-platform iFixit [53]. The authors point out
that beyond the evaluated barriers, there may be further product-, process- or business
model-specific barriers. Thus, in order to support the Circular Economy and make repair
more attractive, holistic approaches need to be developed in the future.

5. Recommendations for Action and Digital Approach

Based on the findings of the repair study, recommendations for action can be derived
towards overcoming the main barriers, as asked in the third research question. The findings
show that political and technical measures, in particular, are needed to strengthen the repair
sector in Germany. Therefore, in the following, recommendations for action are given to
politicians and further stakeholders, such as OEM. In Section 5.2, a new, technology-
supported overall concept for improving the repair process enabled by a repair portal
is presented.

5.1. Recommendations for Action

The recommendations below aim at enabling manufacturers and contract repairers in
particular as well as independent workshops to optimize their business model by reducing
time-consuming and cost-intensive processes and to increase trust from the customer’s
perspective. The findings of the repair study combined with current, international best-
practice examples show that policy measures, in particular, need to be taken in order to
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strengthen the repair sector. Technological innovations can further expand the proposed
political framework.

5.1.1. Financial Incentive Systems

Repair costs have a significant impact on customer decisions. The high overall cost
of spare parts and labor costs of repair is a big social barrier. Reducing VAT on repair
services might be one possible approach to increasing repair attractiveness. However,
the implementation of tax reduction in Sweden has shown that it had a limited impact
on the attractiveness of repairs [18,54]. A suitable and attractive solution could be the
introduction of cash refund systems, like in the German state Thuringia. Customers who
want their defective household EEE repaired will be reimbursed half of the repair costs, up
to a maximum of 100 € per person and calendar year. To prevent abuse, the repair invoice
and proof of payment must be submitted [55]. The offer was well accepted and led, in the
short term, to a significant increase in repairs [56]. As the financial incentives have only
recently been introduced, it is not yet possible to make any statements about the long-term
effects, e.g., increased demand for repair services. Further instruments are repair funds,
e.g., that established in France, where a part of the consumer’s costs for the repair service is
paid by producers, or repair vouchers, introduced, e.g., in Vienna, Austria, to partly pay
the repair costs [57].

5.1.2. Simplified Tools

Special or even licensed tools are often required for repairs. Further, the ability to
repair is made more difficult by the use of adhesive technologies (see Section 4.2). An
appropriate solution would be the use of standardized tools. As soon as a tool is uncommon,
the attractiveness of (DIY) repairs drops because (time) investments have to be made. This
problem can also occur with (semi-) professional repairers and raises the investment costs.
If the use of standard tools is not possible for technical reasons, the OEM should provide
low-cost special tools to enable the repair of its products, especially in the DIY sector. It can
also be conceivable to set up a business model in which spare parts, repair instructions and
tools can be purchased directly from the manufacturer.

5.1.3. Repair Instructions and Regulations

Both DIY and commercial repair service providers benefit from a long-term provision
of repair instructions and spare parts. For the DIY repair sector in particular, the combi-
nation of common household tools, repair instructions and simple procurement of spare
parts would increase the attractiveness of the repair. OEMs should be legally obliged to
provide repair instructions and to offer spare parts at fair prices. That could, in turn, be a
factor in repair indexes and regulations. National and international repair regulations can
help to make repair more attractive by obliging companies to simplify repairs. For example,
France introduced a repair index for EEE in 2021 [58]. In addition to repair regulations,
customers can estimate the cost of a possible repair more easily. Repair instructions and
regulations can support the removal of barriers such as missing repair information.

Technological measures can be taken not only by political actors, but also by OEMs, in-
dependent repairers or other technology-oriented stakeholders, discussed in the following.

5.1.4. Technological Support Systems

In order to solve some barriers, such as lack of information and lack of availability
or sources of spare parts, etc., innovative solutions in the form of technological support
systems are needed. A promising, customer-oriented technological support system could
be provided through the combination of a physical product and a digital twin (DT). A
DT is a virtual replica of a physical product [59]. Within the production process of the
physical product, the DT is linked to it. The aim of the DT is to trace the entire lifecycle
of its physical counterpart and create more data availability and transparency about its
condition. Targeted data on wear (e.g., average usage time, charging cycles, etc.) could be
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mapped and stored by the DT. Consequently, the DTs data can be used for, e.g., selling,
repairing, etc. This is intended to increase customer confidence in the repaired or used
product. However, the extensive collection of data creates new challenges regarding data
privacy. The DT should therefore be compliant with data privacy guidelines. such as the
General Data Protection Regulation (GDPR). Therefore, future work needs to focus on
enabling DT as a technical support of repair and the Circular Economy with a balance of
data privacy as well as data transparency.

5.1.5. Extended Guarantee and Insurances

To further counteract distrust, one possible solution could be offering a (extended)
guarantee for the repair by the repair shops or associated insurances. In recent years, this
has become increasingly widespread from manufacturers themselves, over dealers, i.e.,
MediaMarktSaturn (Media-Saturn-Holding GmbH), Ingolstadt, Germany, to independent
third parties, i.e., Wertgarantie SE, Hanover, Germany [60,61]. The services range from
the repair of defined defects or general repair to a replacement device for the period
of the defect (warranty of service) and are available in different durations. The insurer
Wertgarantie SE, with offers in Germany, found out in a survey of its customers that the
willingness to repair is much greater when insurance is available than for people without
insurance. Equipment insurance could help to ensure that repairable equipment does not
end up prematurely disposed of as easily as it does now. However, such insurance currently
exists for only around 2% of the electrical appliances in German households [62].

The recommendations for action mentioned here are a selection based on the findings
of the repair study. Other promising approaches, such as 3D printing and the concept of
EcoPoints in digital platforms, exist to increase the attractiveness of repairs [16,63].

5.2. The Repair Portal as a Digital Approach

Following the results of the surveys, an overall approach to support the repair for EEE
has been developed, which addresses the following requirements for a holistic and novel
approach towards repair solutions:

• Financial attractiveness: Repair must be recognizably cheaper than the purchase of a
new device.

• Simplified and time-saving process: Time is one of the highest cost factors in high-wage
countries; accordingly, processes must be designed to be as simple and time-saving
as possible.

• Transparent and comprehensible for customers: Processes and offers must be compara-
ble and comprehensible for customers. Fluctuating and uncertain prices, for example,
are obstacles for customers.

Based on these requirements, a new repair portal has been designed. The repair
portal mainly focuses on the repairer side and is used for the repair of products. Here,
information has been identified as central in supporting repair to be more time-effective.
Repairers have always been using their knowledge and expertise in repairing products. In
addition, platforms such as iFixit provide online repair guides and support DIY-people in
repairing their products by themselves. Repairers have expertise and knowledge about
repairing, whereas community-driven online platforms create an environment for DIY
repairs. Professional repairers sometimes, in contrast, cannot share all of their internal
knowledge and repair instructions on open platforms. Thus, along with open platforms,
further knowledge bases are required for the repairers, too, in order for them to collect
their internal knowledge and reuse it. Nevertheless, the growing number of varieties of
electronics creates a new problem, i.e., a lack of repair information. Lack of information
here means that stakeholders such as repairers do not have full information about the
components, materials, its composition, new updates or how it can be repaired. In some
cases, this information can be aggregated from various sources, but it could be a timely
process. In order to solve this problem of lack of information, a repair database has been
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developed and implemented in the repair portal. So far, it contains data for a market survey,
support for the creation of repair manuals and photos.

The required time to repair a product is one important factor in determining the overall
repair price. A repairer needs time to find the fault and solution in order to repair a product.
The repair portal aims at reducing the time to repair by assisting a repairer.

Figure 8 shows the overall process of the portal, which functions as follows: as the
customer decides to send in the product for repair, all the information which is provided
by the customer, such as product information and the fault, is added to the repair portal.
When the product arrives at the repairer, the repairer requests for a repair manual or
tutorial for the particular product and problem. The repair portal looks through the
existing internal repair information for repair manuals. The internal repair information is
a collection of the knowledge and expertise of the repairers gained through the executed
repair process. If there is no internal information or repair guide available, the repair
portal searches external sources such as repair information (e.g., manuals, tutorials) on the
internet. The needed instructions include information on the mounting type and location
as well as required tools. In addition, the best possible disassembly sequence and further
product and component specifications are noted. A large part of the instructions consists
of prepared graphics (analog to oriented ones, e.g., iFixit manuals) with instructions, so
that the handling is further accelerated. Later, the repairer is asked to provide feedback if
the external information was useful. The feedback is stored in the repair portal for future
reference. In addition, the repairer is asked to add more information about the repair
process (in case there is any), in order to generate internal information. Once the repair is
conducted, the product is sent back to the customer.
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Thus, in the case of the repairer, rather than trying to find out how to repair a product,
the information can be obtained from the repair portal. This, in return, decreases the overall
repair time and also makes the repair cheaper for the customer.
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The creation of the repair manuals takes place in parallel and is not included in the
above-mentioned process time. When an identical product is delivered, the repairer can
access the instructions at his workstation and speed up the repair process by reading the
implemented manuals as previously described.

The repair portal was developed with Flutter Web as a front end and uses ASP.NET
for the back end. Furthermore, it has “Model View ViewModel” (Cubit) as an architectural
pattern for the front end and “Model View Controller” for the back end. The repair portal
was accessed by a tablet in the repair center. Figure 9 shows a screenshot of the homepage
of the repair portal. Since it is always growing and learning repair related information, it
should support reducing the repair time and cost by assisting the repairers in the future. The
proposed repair portal was also tested in a prototypical implementation within our study.
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6. Conclusions

In the context of the Circular Economy, repair is a necessary and useful cascade to
extend the use phase of EEE. Currently, offering attractive repair services fails due to various
challenges, which are explained from a customer, product as well as legal perspective. The
identification of relevant stakeholders in the repair sector shows that the main actors are
the repairer, as the provider of the services, and, to a large extent, the customer, as the
decision-maker about the further life cycle of the EEE. The demand for different repair
services depends, in particular, on the attitude of the users and their requirements. A
repair study and accompanying surveys were carried out and confirmed many findings of
barriers mentioned in literature, especially regarding high costs resulting from personnel
and spare parts costs. Furthermore, it could be shown that the most frequent error patterns
of EEE were in the mechanics and the motor, for which a repair was often successful.
Another common error pattern was the circuit board. Spare parts or information of circuit
boards, especially of older EEE, can be difficult to obtain. On this basis, generally applicable
recommendations for actions were derived. Furthermore, as a concrete solution, a repair
portal has been presented that aims at offering attractive repair services.

Based on the lessons learned in the repair study, a second phase will be conducted in
the repair study, with a focus on the optimization of repair time and costs as one of the
largest barriers. The optimization will be based on a software solution by establishing the
proposed repair portal. We plan to extend the repair portal with a web crawler for spare
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parts procurement in the future. Thus, although process accelerators such as repair manuals
or web crawlers for spare parts’ search can significantly reduce repair time, personnel costs
remain high and hinder an attractive repair offer. In addition, further barriers should
be minimized, e.g., by involving not only customers and repairers as the main actors,
but all actors in the Circular Economy. For the greatest possible benefit, cross-cascade
stakeholder networking should take place, e.g., for selling second-hand spare parts. This
can be implemented, for example, in the form of an online marketplace.
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