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Challenges in supply chain redesign for the Circular Economy: a literature review and a
multiple case study
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Despite companies face several challenges when redesigning their supply chain for the Circular Economy, the literature
lacks a systematisation of such challenges and of the ways to overcome them. Through a systematic literature review, this
paper identifies and systematises 24 challenges that may hamper a supply chain redesign for the Circular Economy. Sixteen
among these challenges are well known from research in related topics. On the contrary, the remaining eight are relatively
new or take a different relevance within the Circular Economy context. A multiple case study in the household appliance
supply chain is carried out, to explore how these challenges appear in practice and how companies may tackle them. The
cases analysed involve actors at different supply chain levels, and findings suggest that a great degree of vertical integration
by one actor in the supply chain is not a necessary condition for Circular Economy implementation. The empirical study, in
conjunction with the literature analysis, leads to the development of a framework linking the challenges to specific levers
that companies may pursue to overcome them. The framework can be seen as a reference for managers undertaking the path
towards Circular Economy.

Keywords: circular economy; circular supply chain; circular business model; circular economy framework; sustainable
supply chain; sustainability; closed-loop supply chain; household appliances

1. Introduction

Circular Economy (CE) has increasingly gained attention from academia, companies and policy-makers as a promising
approach to jointly promote sustainability and competitiveness (Murray, Skene, and Haynes 2017). Among others, China,
Japan, US and the European Union have issued policies to support the adoption of CE (Ghisellini, Cialani, and Ulgiati 2016;
Winans, Kendall, and Deng 2017). However, besides this top-down approach, increased bottom-up efforts from companies
are needed (Bressanelli, Perona, and Saccani 2019).

CE differs from the linear economy, i.e. the traditional way in which goods are produced, sold and disposed of, since it
decouples economic growth from resource extraction and environmental losses (Elia, Gnoni, and Tornese 2017). Therefore
companies who decide to redesign their supply chain for CE may obtain environmental (Genovese et al. 2017), social
(Ongondo et al. 2013) and economic benefits (Cucchiella et al. 2015). Supply chain management and configuration activities
play a major role in this regard. For instance, through a Life Cycle Assessment, it has been demonstrated that circular supply
chains for insulation materials — in which waste is utilised as raw materials — reduce the emissions of Carbon Dioxide by
60% (Nasir et al. 2017). Moreover, introducing a reverse logistics for the collection and renovation of WEEE in Europe has
the potential to generate revenues of about 2.15 billion euro through electronic waste recycling (Cucchiella et al. 2015).

However, several obstacles may prevent the achievement of these benefits, making the transition to CE far from obvious
(van Loon, Delagarde, and Van Wassenhove 2018). For instance, the literature widely recognises the uncertainties about
quantity, quality and timing of product returns that arise in closed-loop supply chains, transferring such uncertainties in, for
instance, capacity planning for renovation activities such as remanufacturing (Linder and Williander 2017).

Despite their relevance in such an early stage of CE maturity by companies, the literature still lacks a systematic analysis
of the challenges faced when redesigning the supply chain according to CE. Consequently, there is little knowledge on how
to overcome these obstacles. To fill this gap, this paper carries out a systematic literature review about the challenges
connected to supply chain redesign for CE, combined with a case-based research. More specifically, 24 challenges (either
entirely new or related to well-established domains that are also part of the CE approach) are pointed out from the literature
and grouped into seven categories. Then, the case studies provide insights on how these challenges appear in practice and
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can be faced by companies. Thus, a set of levers to tackle these challenges is outlined. The levers have been linked to the
24 challenges in a conceptual framework.

The remainder of this paper is organised as follows. Section 2 describes the context of the study, its aim and the research
methodology. Section 3 provides the findings of the systematic literature review, while Section 4 presents the case studies.
then, in Section 5, a discussion of case studies findings is carried out, in the light of the literature, and a framework is
proposed. Finally, concluding remarks, limitations and future research directions are drawn in Section 6.

2. Research process and method
2.1. Background: Circular Economy and supply chains

The Ellen MacArthur Foundation (2012) described CE as a ‘system restorative and regenerative by design’. Since then, the
academic interest on CE has been spreading. Literature reviews about CE have been published in recent years, but a common
and widely agreed definition of CE is missing (Tecchio et al. 2017). Tukker (2015) reviewed the literature on product-service
systems focusing on their role in the achievement of a CE based on resource efficiency. He pointed out the reasons why CE
is not widely implemented yet, especially in the Business-to-Consumer (B2C) sector. Loss of users’ control over products,
financial and operational risks are among the main barriers in this regard. Ghisellini, Cialani, and Ulgiati (2016) examined
the implementation of CE with a special focus on its origins, basic principles, limitations, advantages and disadvantages
at different levels of implementation, from the single company to the regional or national point of view. According to
their research, CE provides a reliable framework to transform current business models towards sustainable development.
Lewandowski (2016) reviewed the literature in order to identify and classify CE characteristics according to a business
model structure. Moving from that, he conceptualised an extended framework for the design and adoption of CE business
models. Lieder and Rashid (2016) reviewed the literature about the application status of CE in manufacturing contexts. The
study proposes a comprehensive CE framework linking together economic benefits, environmental impacts and resource
scarcity issues. The work concludes that for succeeding in CE implementation, a combination of top-down (i.e. efforts
from public institutions) and bottom-up approaches (i.e. efforts from industries) is required. Masi, Day, and Godsell (2017)
reviewed the literature in order to find a common ground underpinning the implementation of CE at the supply chain level,
identifying drivers and enablers. Finally, Geissdoerfer et al. (2017) reviewed the extant literature to highlight similarities,
differences and relationships between CE and sustainability concepts.

According to the Ellen MacArthur Foundation (2012), a transition towards CE involves four fundamental building
blocks: (i) to keep products, components and materials at their highest utility and value, several circular product design
policies may be pursued, such as product life extension and eco-design (Mont 2008), material selection (Bakker et al. 2014)
and Design-for-X techniques (Kane, Bakker, and Balkenende 2018); (ii) servitised Business Models (BMs) based on the
provision of the function encourage take-back systems and circular product redesign (Kjaer et al. 2018), since manufactur-
ers in that case retain products ownership. Leasing, sharing, pay-per-use and pay-per-result represent viable examples of
servitised BMs (Tukker 2015); (iii) integrating reverse logistics into conventional supply chains may reduce waste and help
companies making profits through the recovery of used products (Kazemi, Modak, and Govindan 2018). In this regard, CE
involves ‘renovation’ activities such as repair, reuse, refurbishment, remanufacturing and recycling (Parajuly and Wenzel
2017). When feasible, a hierarchy among these activities should be followed: reuse is preferable to recycling, since much
of the value remains intact (Kalverkamp, Pehlken, and Wuest 2017); (iv) a number of enablers and favourable conditions
may support a CE transition, such as collaboration (Elia, Gnoni, and Tornese 2017), digital technologies (Bressanelli et al.
2018), users’ awareness towards sharing, regulation, financing and the creation of a market for secondary products (Saidani
et al. 2018).

As suggested by the four building blocks, the CE concept is highly multidisciplinary and comprehends areas and streams
of research that existed well before the term “Circular Economy’ was coined (Geissdoerfer et al. 2017). As mentioned above,
however, a common and widely agreed definition of CE is missing. We therefore provide a definition of CE based on the
works by the Ellen MacArthur Foundation (2012), Braungart, McDonough, and Bollinger (2007) and Kirchherr, Reike, and
Hekkert (2017). For the purpose of this paper, CE is defined as

an economic system restorative and regenerative by design, implemented by one or more supply chain actors through one or
more of the four building blocks (circular product design, servitised business models, reverse logistics and enablers) in order to
replace the end-of-life concept with reducing, alternatively reusing, recycling and recovering materials in production, distribution
and consumption processes, for both technical and biological materials, with the aim to accomplish sustainable development.

Our definition suggests a broad interpretation of the CE concept, based on the business practice. From a supply chain
perspective, in fact, it is quite uncommon that a company (e.g. the manufacturer or a distributor) redesigns the entire value
chain to adopt CE. Vertical integration and control over the production, distribution and consumption processes by one
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single actor is often limited, so that many current CE endeavours actually encompass only one or few of the building blocks,
sometimes trying to involve an ecosystem of partners carrying out different value chain activities. Therefore our definition
considers as ‘CE initiatives’ also the ones where relevant actions are undertaken only on one or few of the abovementioned
building blocks to achieve sustainability (e.g. on circular product design but not on servitised BMs, or vice versa). In fact,
even in notable CE endeavours covered by the specialised press, this approach is much more common than a thorough
adoption of the four building blocks coupled by a comprehensive supply chain perspective. For instance, H&M has recently
changed its mission statement to ‘become 100% circular’, and it is currently exploring solutions to create a closed-loop
supply chain for textiles, tightening a partnership with a reverse logistics service provider and also directly working at
the design stage, especially regarding the material choice (H&M Group 2017). However, no action towards the adoption
of servitised BMs is planned. Conversely, the Dutch startup MUD jeans offers jeans and other clothes under a leasing
contract, so to collect and recycle them when they reach the end-of-use. However, the company has little control over the
manufacturing and design stages of clothing (Ellen MacArthur Foundation 2018). On the other hand, Philips has launched
a CE initiative where lighting is offered as-a-service (servitised BM), LED lightings are designed to enhance preventive
maintenance and upgrades, and the retained ownership throughout the contract period entails the take back of the lightings at
end-of-life (Philips 2015). The latter is one of the very few cases where, in order to develop and govern an actual end-to-end
CE project, the same actor is responsible for product design and manufacturing (in order to control the design characteristics
and the direct logistics impact), the distribution and sales (in order to build up and deliver new servitised BMs), and the
after-sales and end-of-life processes (in order to enhance lifecycle duration and carry out renovation activities). Since most
of the cases — such as H&M — are to date ‘incomplete’ compared with such a comprehensive perspective, we believe that all
initiatives that act in one or more of the CE directions (i.e. the four building blocks) and have a sustainable development aim
(Kirchherr, Reike, and Hekkert 2017) should be considered ‘circular’ endeavours, and therefore fall into the CE definition
provided above.

2.2. Research gap and methodology

As mentioned above, supply chain redesign for CE implies a systemic and holistic approach, encompassing an adequate
redesign of products, of servitised BMs, of the actors and flows encompassed, and of endogenous as well as exogenous
enablers.

However, such a supply chain redesign poses several challenges. Some of the challenges have been pointed out in
studies about closed loop supply chains (Bouzon, Govindan, and Rodriguez 2018; Singh and Ordofiez 2016) or servitisation
(Alghisi and Saccani 2015), but the analysis has been limited to those specific disciplines, while previous research on
CE challenges focused either on a particular industrial sector (Densley Tingley, Cooper, and Cullen 2017; Franco 2017;
Govindan, Madan Shankar, and Kannan 2016; Khodier, Williams, and Dallison 2018), on a geographical context (Geng and
Doberstein 2008; Li and Yu 2011; Shahbazi et al. 2016; Whalen, Milios, and Nussholz 2018), or on a specific firm category,
such as social enterprises or SMEs (Ongondo et al. 2013; Rizos et al. 2016). Overall, a systemic and holistic categorisation
of the challenges for supply chain redesign for CE has not been proposed yet in the literature. Thus, this paper aims to fill
this gap, and has two objectives:

(i) To provide a categorisation of CE challenges for supply chain redesign through a systematic literature review;
(if) To identify levers that could be used to overcome these challenges.

To achieve these objectives, the scientific literature was scrutinised in a systematic way (Tranfield, Denyer, and Smart
2003), so to point out the challenges that come into play when supply chains are redesigned for CE. The literature review
was conducted on the Scopus database, while the selection procedure was designed following the guidelines drafted by
Seuring and Gold (2012). A structured search was carried out, combining the keywords ‘challenge’, ‘obstacle’ and ‘barrier’
with terms identifying CE, i.e. ‘circular economy’, “‘closed loop supply chain’, and ‘green supply chain’. All the possible
combinations between the two sets of keywords were scanned and the list of papers obtained from the searches was refined
following the process depicted in Figure 1.

The keyword search led to an initial set of 896 entries, corresponding to 733 unique documents originally written in
English. From this set, only papers that appeared in journals with an Impact Factor according to Thomson Reuters Journal
Citation Report have been selected, to ensure the quality and relevance of the analysed studies (Geissdoerfer et al. 2017).
Thus, 268 papers were scrutinised by initially reading the title and the abstract. When title and abstract evaluations were
unclear, the full paper contents were scrutinised. The following criteria were defined to select papers for the literature review:
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Keywords search
in SCOPUS

Authorship and . Source Selection Title, Abstract and
Language removal Duplicate:removal (Impact Factor) Full-text Review FINAL SET
798 | 733 | 268 | 44 | 63 |

Figure 1. Systematic literature review process.

Cross Reference

e the paper addresses and discusses the challenges about the adoption of CE into supply chains, AND

e the paper focuses on a single company and/or the supply chain level. Studies addressing the ‘macro’ level only
(e.g. national impacts) were therefore discarded, AND

e the paper deals with technological cycles of industrial materials (Braungart, McDonough, and Bollinger 2007).
Studies addressing only the biological ones were discarded.

Forty-four papers were selected based on these criteria. Lastly, in order to overcome possible limitations of database search,
the set of papers has been complemented by cross-referencing (Seuring and Gold 2012). This step led to the inclusion of 19
additional papers. Consequently, 63 papers have been selected and analysed in detail.

To address the second objective, the set of challenges has been investigated empirically, in order to explore how com-
panies are facing them and to discuss the findings in the light of the literature background. Given that CE is still a novel
phenomenon (Murray, Skene, and Haynes 2017) and the exploratory nature of the research, the case study methodology
was considered suitable (YYin 2009). To increase the external validity, a multiple case study, i.e. a case research where more
than one company study is carried out, has been conducted (Voss, Tsikriktsis, and Frohlich 2002). Accordingly, a research
protocol was developed in order to enhance the validity and the reliability of the research, encompassing the overall design
of the case study, the data collection, the data analysis as well as the results formalisation (Yin 2009). A visual overview
of the research steps conducted in the multiple case study is provided in Figure 2. Moreover, a simplified version of the
research protocol adopted is provided in the Appendix.

Cases were selected according to a judgmental sampling technique and following two main criteria: (a) cases should
concern companies having undertaken a CE project, involving the redesign of their value and/or supply chain; (b) cases
should provide an adequate representation of different life cycle phases, supply chain actors, and altogether cover all the
four CE building blocks. In order to ensure the homogeneity of results, it was decided to select only cases regarding a
specific industrial sector. The Household Appliance (HA) supply chain — and in particular the Washing Machines (WM)
industry — was chosen, for being a promising arena for the adoption of the CE paradigm (Ellen MacArthur Foundation

INPUT ELABORATION OUTPUT

Systematic Identification of
literature review S >

Empirical

Set of Challenges

Multiple

Identification of Set of Levers
case study

Research Protocol work steps

Data collection Data analysis

- Case selection = Gengral . - Data coding - Set of challenges
- Objectives questionnaire - Analyses within - Set of levers
B Boundarics - Semi-structured cases P Eramework
- Tnstruments Interviews - Searching for linking challenges
g - Direct Cross-case i

-Cnidelmgsfor observations atterns with leve.rs

interviews P X . = Mgnagerlal

- Secondary sources - Triangulation insights

Figure 2. Research steps.
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Table 1. Case companies overview.

Company Alpha Company Beta Company Gamma Company Delta
Role Retailer (startup) Spare parts distributor Self-service laundry chain  HA manufacturer
franchiser
Activities involved Product-as-a-service Reconditioning and Self-service laundry Design and
provision refurbishment digitisation manufacturing
Main CE Building Block  Servitised BMs Reverse logistics Enablers (digital Circular product
involved technologies) design
Turnover 2016 [million€] < <1 ~15 ~6 > 1000
Size 2016 [number of <10 ~20 ~20 > 10,000
employees]
Number of interviews and 2 interviews: CEO 3 interviews: CEO, 3 interviews: CEO and 2 interviews:
role of respondents and founder, SW Managing director, founder, Technical Innovation manager,
development manager Reconditioning director, Marketing Sustainability team
manager manager manager

2012). Four (anonymous) companies accepted to participate in the study. Table 1 provides the main descriptive information
concerning the four cases.

Following the research protocol, a questionnaire was used to gather general information about the context in which
each company operates, such as the turnover, the number of employees, and so forth. Then, specific information was gath-
ered through semi-structured interviews, which generally lasted between one and two hours. Each interview was carried
out following the ‘guidelines for interview’, a document included in the research protocol that outlines the topics to be
covered by the interviewers, the questions to be asked, and the data to be collected (see the Appendix). More specifi-
cally, the list of challenges emerged from the literature review (see Section 3) informed the definition of these guidelines.
Through the interviews, we investigated whether the 24 challenges have occurred in the cases. Also, the background on
the levers to overcome CE challenges described in Section 3.8 was used to draft the guidelines, so to assess whether the
course of actions undertaken by the case companies could be assimilated to the categories mentioned in the literature
or not.

To enhance the study reliability, different company roles were consulted, as reported in Table 1, and more than one
researcher took part to the interviews. The interviews were transcribed, coded and sent back to respondents for validation.
Triangulation with secondary sources (company documentation, websites, etc.) has been carried out, to enhance construct
validity (Moss, Tsikriktsis, and Frohlich 2002). The analysis of the CE initiatives carried out by the four cases was made
through the lens of the four building blocks of CE, to investigate whether and how circular product design, servitised BMs,
reverse logistics and enablers have been implemented by the case companies. The findings from both the multiple case study
and the literature analysis have been used to fill the conceptual framework designed in Section 5, where the 24 challenges
have been matched with a set of potential levers to overcome them.

3. Literature review: a systematisation of Circular Economy challenges and levers

As mentioned before, studies about CE have not carried out a systemic categorisation of the challenges entailed by supply
chain redesign for CE. This paper, adopting a comprehensive perspective on CE, identifies 24 challenges about CE supply
chain redesign from the analysis of the 63 papers selected for the literature review. The challenges were classified into
seven categories based on their similarities and meaning. The categories are Economic and financial viability, Market
and competition, Product characteristics, Sandards and regulation, Supply chain management, Technology, and Users
behaviour. These seven categories were obtained inductively from the content analysis of the literature and were also
inspired by previous classification schemes. In the next subsections, the challenges in each of the seven categories are
briefly described. The description is supported by Tables 2-8, providing literature references and an anecdotal example
for each challenge. It is important to point out that several challenges stem from well-established research streams such as
closed-loop supply chain or servitisation, and thus were already known before the term “Circular Economy’ was coined.
However, these challenges are still likely to appear when CE initiatives are undertaken, as the reviewed literature suggests,
and therefore are included in the list. Eight out of the 24 challenges, instead, are relatively new with CE or take a different or
extended meaning or relevance than in the past within the CE context. This aspect is also illustrated in the next subsections,
as well as in the column “origin’ of Tables 2-8.



6

G Bressanelli et al.

Table 2. Economic and financial viability challenges.

ID Challenge

Description

Example (anecdotal)

References

1 Time mismatch
between revenue
and cost streams

2 Financial risk

3 Operational risk

Servitised Business Models
(BMs) usually decouple-in-

time the relation between
costs incurred from
manufacturing processes
and revenue streams
from customers. This,

in turn, results in longer
payback time for the
manufacturer/supplier

In traditional sales-oriented

BMs, the financial risk
is shifted to the user
when the product is sold.
Conversely, in servitised

BMs, this risk remains with

the supplier even after the
first transaction

In servitised BMs, also

the operational risk (i.e.

costs of product damages,
maintenance, repair, etc.)
remains with the supplier

BM, manufacturers have
to finance the upfront
production costs of the
cars, while they are

paid back based on their
usage, thus postponing
the economic break-even
point

Well-established Printers- Under a

pay-per-copy BM,

the manufacturer (or
provider) finances the
entire solution, but there
is the financial risk
that customers interrupt
in advance the signed
contract

Well-established Printers- Under a pay-

per-copy BM, if a
printer breaks down, the
supplier bears the repair
cost, not the user (who
pays a fixed cost that
includes maintenance)

Well-established Cars-In e.g. a car sharing  Barquet et al. (2013);

Metta and Badurdeen
(2013); Neely (2008);
Rizos et al. (2016);
Shahbazi et al. (2016);
Tukker (2015)

Baines and Lightfoot
(2013); Krikke (2011);
Lewandowski (2016);
Linder and Williander
(2017); Mont (2008);
Tukker (2015)

Baines and Lightfoot
(2013); Barquet et al.
(2013); Krikke (2011);
Linder and Williander
(2017); Mont (2008);
Saidani et al. (2018);
Tukker (2015)

3.1. Economic and financial viability

Three specific challenges have been identified for this category. They all refer to the adoption of servitised BMs, where the
function is sold instead of the product itself, through different forms (e.g. leasing, pay-per-x, pay-per-performance, sharing,
etc.).

First, when companies decide to adopt servitised BMs, they must take into account a time mismatch between revenue
and cost streams. In fact, providers shifting their offering from selling the product ownership to selling the function have to
finance the capital costs of the solution, since revenue streams are postponed over time (Barquet et al. 2013). In turn, this
results in longer payback time, questioning the economic and financial viability of CE implementation projects.

Moreover, when products are offered through servitised BMs, financial and operational risks are transferred from users
to providers (Baines and Lightfoot 2013). Providers are financially exposed to the risks of early suspensions of the con-
tract by customers and, in several cases, they are responsible for the operational costs of the solution offered, e.g. due to
maintenance activities. For a more detailed analysis of financial and operational risks, see, e.g. Neely (2008).

3.2. Market and competition

The second category encompasses challenges related to market and competition. In general, companies may decide not to
offer circular products (e.g. remanufactured ones, or products designed-to-last) because they fear this would reduce primary
sales (van Loon and Van Wassenhove 2017). This phenomenon is also called market cannibalisation (Linder and Williander
2017), and it assumes a specific meaning and relevance for CE. First, the risk of cannibalisation comes along with any
product innovation, where a new product range or the offering of remanufactured products can ‘cannibalise’ the sales of
other product ranges (Krikke 2011). In CE, however, cannibalisation concerns also a time dimension: the longer product
lifecycle thanks to ‘design-to-last’ practices or e.g. predictive maintenance leads to a lower product substitution rate than
in the linear economy. A company will thus reduce its future sales, potentially putting at risk its survival in the long term
(Lewandowski 2016; Linder and Williander 2017). Consequently, the durability of CE products should be addressed also
taking into account such cannibalisation risk, as for instance modelled in Steeneck and Sarin (2018).

When third parties are involved, supply chain issues related to know-how access and Intellectual Property (1P) arise, and
may prevent the execution of maintenance or renovation activities (Kalverkamp, Pehlken, and Wuest 2017). For instance,
original equipment manufacturers (OEMs) may limit the possibility for third parties to execute these activities, to protect
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Table 3. Market and competition challenges.

ID Challenge Description Origin Example (anecdotal) References
4 Cannibalisation ~ New “circular’ products It assumes a specific Household appliances—  Bouzon, Govindan, and
(e.g. products designed meaning and relevance, Long lasting appliances Rodriguez (2018);
to last longer) can since in a CE may substitute Kane, Bakker, and
cannibalise the existing cannibalisation the sales of new Balkenende (2018);
ones, affecting the concerns also a time appliances, leading to a Krikke (2011);
company revenue dimension, due to cannibalisation of the Lewandowski (2016);
streams from traditional increased lifecycle new product offering Linder and Williander
products and reducing duration that reduces (2017); Mont (2008);
the overall future sales the sales of new (or Ongondo et al. (2013);
of the company even refurbished) O’Connell, Hickey,
products due to a lower and Fitzpatrick (2013);
substitution rate. Parajuly and Wenzel

(2017); Tukker (2015);
van Loon and Van
Wassenhove (2017)

5 IP and know-how Activities (e.g. remanu- Well-established Medical imaging Despeisse et al. (2017);
access facturing) accomplished challenge of value equipment— Due to Kane, Bakker, and

by a third party chain configuration highly competitive Balkenende (2018);
(independent from a levels of IP protection Mathiyazhagan et al.
manufacturer) may lead in the field of medical (2013); O’Connell,
to a loss of control by equipment, service Hickey, and Fitzpatrick
the manufacturer of the contracts in which a (2013); Rauer and
Intellectual Property third party performs Kaufmann (2015);
(IP) embedded in the repair and maintenance, Saidani et al. (2018);
products. For the same rather than in-house Sundin and Bras
reasons, manufacturers technicians, are (2005); Whalen, Milios,
may hinder an easy difficult to achieve and Nussholz (2018)
access to spare parts, (Kane, Bakker, and
repair manuals and Balkenende 2018)
tools for third-party
actors

6 Brand Image Activities (e.g. remanu- Well-established Smartphone- In the Gutowski et al. (2011);
facturing) accomplished challenge of value smartphone market, Kalverkamp, Pehlken,
by a third-party (inde- chain configuration it is quite common and Wuest (2017);
pendent of OEM), if that a third party O’Connell, Hickey,
not performed properly, performs repair and/or and Fitzpatrick (2013);
will have a negative refurbishment. But, Sundin and Bras
impact on the OEM if the activity is not (2005); Whalen, Milios,
brand image performed correctly, it and Nussholz (2018)

is the brand of the OEM
that is affected

their IP, through proprietary technology or by preventing the access to technical manuals, procedures, spare parts and specific
tools (Kane, Bakker, and Balkenende 2018). While this protects the OEM technological/competitive advantage (by limiting
the access to such resources and activities to the OEM itself or authorised partners), it may prevent the application of CE
related activities on a large portion of the installed base.

Finally, renovation activities performed by third parties may also affect the OEM brand and reputation if not per-
formed correctly, especially when OEMs exert little or no control over their execution (O’Connell, Hickey, and Fitzpatrick
2013).

3.3. Product characteristics

Circular products are designed to last, rather than for use-and-throw-away: thus, they might be unable to respond to fashion
changes, resulting unattractive for a part of the customer base (Linder and Williander 2017), in particular in the B2C sectors.
This challenge is relatively new, since in conventional linear contexts the competition among products is based on aspects
such as price, promotion and so forth, while in the large majority of case the product duration does not differentiate in a
substantial way competing products. For instance, when comparing two car purchase options, the customer will assume the
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G Bressanelli et al.

ID Challenge

Description

Origin

Example (anecdotal)

References

7  Fashion change

8  Product
complexity

9  Product (mass)
customisation

Products designed-to-last

are unable to respond to
fashion changes

The proliferation of

new materials as

well as the growth of
product complexity
(e.g. Bill-of-Material)
increase the difficulties
in managing recovering
and recycle processes.

Mass customisation

pushes towards
personalised products,
which leads to a
higher complexity
when products are

It assumes a specific
meaning in CE,
since typically the
competition among
products is based on
other characteristics
than duration (price,
promotion, etc.)

of reverse logistics and
renovation

of reverse logistics and
renovation

Clothes- Users may be

reluctant to buy clothes
designed to last, due
to frequent fashion
changes that these
products are unable to
respond

Well-established challenge Plastics- In the plastics

industry, the number

of new polymers has
continued to grow in the
past decades, increasing
exponentially the
material complexity
and the difficulties in
plastics recovering and
recycling

Well-established challenge Medical devices —

Usually, personal
medical devices

are manufactured
around each individual
patient’s characteristics.

Franco (2017); Linder

and Williander (2017);
Tukker (2015)

Despeisse et al. (2017);

Franco (2017);
Govindan, Madan
Shankar, and Kannan
(2016); Khodier,
Williams, and Dallison
(2018); Metta and
Badurdeen (2013);
Singh and Ordofiez
(2016)

Despeisse et al. (2017);

Franco (2017);
Govindan, Madan
Shankar, and Kannan
(2016); Kane, Bakker,
and Balkenende (2018);

disassembled for
remanufacturing

Khodier, Williams, and
Dallison (2018); Metta
and Badurdeen (2013);
Singh and Ordofiez
(2016)

Thus, reuse and
remanufacturing of
these customised
products is often
challenging

useful life to be quite similar, while cases in which one option promises a double life duration than the alternatives are more
than rare.

Moreover, as products or product ranges complexity increases, renovation activities might become more difficult
(Despeisse et al. 2017). This is quite evident in e.g. the plastics industry, where the number of polymers proliferated in
the past decades (Huysman et al. 2017). Product customisation has a similar impact, since it reduces the attractiveness of
CE renovation activities. Finally, mass customisation pushes towards even more personalised products (Mont 2008), thus
increasing the difficulties in renovation processes and narrowing down the market for products issued from such activities
(Metta and Badurdeen 2013).

3.4. Sandardsand regulation

Existing taxation systems as well as financial incentives are frequently not aligned with the adoption of the CE paradigm (Al
Zaabi, Al Dhaheri, and Diabat 2013). Indeed, taxation and policy instruments misalignment may hinder the implementation
of CE (Mathiyazhagan et al. 2013). For instance, to promote CE, non-renewable resources like carbon-based fuels should
have taxation levels higher than renewable ones such as labour, but frequently this does not occur (Stahel 2013). Moreover,
current regulatory frameworks usually focus on recycling rather than on reuse (Kissling et al. 2013), thus not following the
hierarchy among CE activities that would preserve the most of the intrinsic product value (Kane, Bakker, and Balkenende
2018). Scholars also point out the lack of adequate financial incentives as a factor that hinder CE practices in supply chains
(Stahel 2013).

Furthermore, a commonly recognised system of measures, metrics and indicators to monitor CE progress is missing
(Govindan, Madan Shankar, and Kannan 2016). For instance, most of the existing micro and macro indicators — such as
gross domestic product (GDP) or the company turnover — were built around the linear economy perspective, aiming to
maximise throughput and sales. CE, on the other hand, shifts the focus from a purely volume-driven economy towards a
more conservative one, where the stock of products, materials and resources is optimised, rather than their flow (Stahel
2013). This lack of measures has led researchers to develop ad hoc indicators to monitor the progress of CE activities inside
companies (Park and Chertow 2014).
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Table 5. Standards and regulation challenges.

ID Challenge Description Origin

Example (anecdotal)

References

10 Taxation and Existing taxation It assumes a specific

incentives

11 Measures,

systems, policies as
well incentives, are
not aligned with the
adoption of the CE
paradigm

Existing indicators

meaning in CE,
since taxation,
incentives and
regulation systems
should be aligned
with CE principles
to promote CE

It assumes a specific

metrics, were built around meaning in CE,
indicators the concept of Lin- since measures,
ear Economy, with metrics and
the aim to maximise indicators should
throughput. CE be aligned with
requires shifting CE principles to
the focus from a promote CE
purely volume-
driven economic
perspective to a
more comprehensive
one, encompassing
economic, environ-
mental and social
dimensions
12 Lack of Standards regarding It assumes a specific
standards CE processes, meaning in CE,

activities, materials,
etc. are generally
missing

since standards
should be aligned
with CE principles

General— Non-renewable

resources (e.g.
carbon, oil, etc.) have
often taxation levels
comparable or lower
than renewable ones.
Moreover, labour
generally has higher

taxation rates than raw

materials. In addition,
existing national

and international
regulations mainly
focus on recycling,

rather than on other CE

renovation activities
such as reuse.

Gross Domestic Product
GDP- The GDP metric

(macro-economic
indicator) measures
the total output of a
national economy; i.e.
a financial flow over
a time-period. CE, on

the other hand, is about

the optimisation of the
stock. The adoption
of the CE paradigm,
therefore, is likely to
result in a reduction
of GDP, thus implying
a negative impact

on the economy as a

whole according to the

currently used metrics

Materials for 3D

Printing— Standards
regarding e.g. the
material composition
of inputs in Additive
Manufacturing

processes have not been

defined yet

Al Zaabi, Al Dhaheri, and Diabat
(2013); Barquet et al. (2013);
Bouzon, Govindan, and
Rodriguez (2018); Geng and
Doberstein (2008); Govindan
et al. (2014); Govindan,
Madan Shankar, and Kannan
(2016); Kalverkamp, Pehlken,
and Wuest (2017); Kane,
Bakker, and Balkenende
(2018); Kissling et al. (2013);
Li and Yu (2011); Linder
and Williander (2017);

Liu et al. (2017); Masi,
Day, and Godsell (2017);
Mathiyazhagan et al. (2013);
Ongondo et al. (2013);
Pitké&nen et al. (2016);
Prosman, Waehrens, and
Liotta (2017); Ranta et al.
(2018); Rauer and Kaufmann
(2015); Rizos et al. (2016);
Saidani et al. (2018); Shahbazi
et al. (2016); Stahel (2013);
Tecchio et al. (2017); van
Loon and Van Wassenhove
(2017); Walker, Di Sisto, and
McBain (2008); Wang et al.
(2016); Whalen, Milios, and
Nussholz (2018); Winans,
Kendall, and Deng (2017);
Wiibbeke and Heroth (2014);
Xue et al. (2010)

Al Zaabi, Al Dhaheri, and
Diabat (2013); Govindan et al.
(2014); Govindan, Madan
Shankar, and Kannan (2016);
Huysman et al. (2017); Masi,
Day, and Godsell (2017);
Mathiyazhagan et al. (2013);
Metta and Badurdeen (2013);
Park and Chertow (2014);
Rauer and Kaufmann (2015);
Shahbazi et al. (2016); Stahel
(2013); Tecchio et al. (2017);
Wang et al. (2016)

Al Zaabi, Al Dhaheri, and
Diabat (2013); Bouzon,
Govindan, and Rodriguez
(2018); Despeisse et al.
(2017); Kissling et al. (2013);
Liu et al. (2017); Ranta et al.
(2018); Rauer and Kaufmann
(2015); Tecchio et al. (2017)
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Table 6.

Supply chain management challenges.

G Bressanelli et al.

ID Challenge

Description

Origin

Example (anecdotal)

References

13 Return flows
uncertainty

14 Transportation
and
infrastructure

15 Availability
of suitable
supply chain
partners

Uncertainty about

quantity, mix, quality,
time and place of
returns of end-of-use
products decreases the
probability of achieving
an economic scale

and creates difficulties
in capacity planning.
Illegal forms of disposal
reduce the amount of
products collected and
treated at end-of-use,
thus increasing this
uncertainty

Due to the installed

base geographical
dispersion, CE would
drastically increase
transportation activities
and costs if all the
products have to be
sent back to producers
or specialised sites

for refurbishing,
remanufacturing, etc.

Companies who decide to

move towards CE often
experience difficulty

in finding appropriate
supply chain partners,
with appropriate skills
and a CE approach

Well-established
challenge of
reverse logistics
and renovation

Well-established
challenge of
reverse logistics
and renovation

Well-established
challenge of
value chain
configuration

Waste of Electrical and

Electronic Equipment
(WEEE)- In WEEE
system, the quantity
(and the right mix) of
end-of-use products
that will be collected is
not known a priori, as
well as their quality, the
time and the place of
collection

Washing machines- In

order to refurbish and
remanufacture washing
machines, they must be
collected from users’
houses, thus increasing
transportation

Automotive- In the

automotive sector, it
is often difficult to
find partners who,
besides performing CE
activities, fulfil also
strict environmental
parameters required

to accomplish the CE
strategy envisaged by
an OEM

Bouzon, Govindan, and

Rodriguez (2018); Cucchiella
et al. (2015); Densley Tingley,
Cooper, and Cullen (2017);
Despeisse et al. (2017);
Franco (2017); Govindan,
Madan Shankar, and Kannan
(2016); Gutowski et al.
(2011); Kalverkamp, Pehlken,
and Wuest (2017); Kissling

et al. (2013); Kumar and
Putnam (2008); Linder and
Williander (2017); Liu et al.
(2017); Metta and Badurdeen
(2013); Ongondo et al. (2013);
O’Connell, Hickey, and
Fitzpatrick (2013); Ranta et al.
(2018); Richter and Koppejan
(2016); Rizos et al. (2016);
Saidani et al. (2018); Shahbazi
et al. (2016); Singh and
Ordofiez (2016); Ueberschaar
et al. (2017); Wakolbinger

et al. (2014); Whalen, Milios,
and Nussholz (2018); Winans,
Kendall, and Deng (2017);
Wojanowski, Verter, and
Boyaci (2007); Wiibbeke and
Heroth (2014)

Bakker et al. (2014); Cucchiella

et al. (2015); Despeisse et al.
(2017); Krikke (2011); Mont
(2008); Ongondo et al. (2013);
Whalen, Milios, and Nussholz
(2018); Winans, Kendall, and
Deng (2017)

Bakker et al. (2014); Barquet

et al. (2013); Bouzon,
Govindan, and Rodriguez
(2018); Despeisse et al.
(2017); Geng and Doberstein
(2008); Govindan et al.
(2014); Govindan, Madan
Shankar, and Kannan (2016);
Lieder and Rashid (2016);
Linder and Williander (2017);
Masi, Day, and Godsell
(2017); Mathiyazhagan et al.
(2013); Ongondo et al. (2013);
Rauer and Kaufmann (2015);
Rizos et al. (2016); Sundin and
Bras (2005); Tukker (2015);
Walker, Di Sisto, and McBain
(2008); Wang et al. (2016);
Whalen, Milios, and Nussholz
(2018)

(Continued)
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Table 6. Continued.
ID Challenge Description Origin Example (anecdotal) References
16 Coordination CE requires a close Well-established WEEE - In WEEE Al Zaabi, Al Dhaheri, and Diabat
and collaboration and challenge of system, collection (2013); Bouzon, Govindan,
information information exchange value chain and valorisation of and Rodriguez (2018);
sharing among the different configuration end-of-use products Densley Tingley, Cooper,
tiers of the supply may be enhanced by and Cullen (2017); Geng and
chain, which may a better coordination Doberstein (2008); Govindan
not be achieved and information sharing et al. (2014); Kalverkamp,
especially within among the several Pehlken, and Wuest (2017);
global configurations. actors (e.g. users, Kumar and Putnam (2008);
This can be due to scavengers, smelters, Li and Yu (2011); Masi,
several reasons such etc.) Day, and Godsell (2017);
as competition among Mathiyazhagan et al. (2013);
supply chain tiers, Pitkénen et al. (2016);
information sensitivity, Prosman, Waehrens, and
IT system integration, Liotta (2017); Rauer and
poor planning of Kaufmann (2015); Rizos et al.
activities, etcetera. (2016); Saidani et al. (2018);
Walker, Di Sisto, and McBain
(2008); Winans, Kendall, and
Deng (2017); Wibbeke and
Heroth (2014)
17 Product Product traceability Well-established WEEE - In many EU Densley Tingley, Cooper, and
traceability improves collection and challenge of countries, WEEE Cullen (2017); Despeisse
renovation processes, value chain collection and et al. (2017); Franco (2017);

18 Cultural issues

(linear
mind-set)

but often information
systems provide an
inadequate support.
Several information
should be available and
easy accessible to the
relevant supply chain
partners in order to
improve the efficiency
of return flows and
end-of-use activities,
as well as to improve
the capability to make
accurate forecasts

Internal resistance to

change, especially
given the prevailing
linear mind-set and
structures in industries
(also referred to as

the ‘Linear lock-in”),
limited awareness and
commitment (from both
top management and
employees)

configuration

It assumes a
specific meaning
and relevance
in a CE, since
ad-hoc actions to
contrast cultural
issues should
be designed in
accordance with
CE principles

renovation activities
are not traced with
appropriate 1T systems
and devices (e.g. RFID,
10T sensors, etc.).

For instance, when
WEEE are collected,
information regarding
the “status’ of products
are not gathered and
therefore renovation
activities cannot be
planned accurately

Smartphones- Despite

several studies have
shown the economic
feasibility of CE
solutions in the
smartphone sector
(Ellen MacArthur
Foundation 2012),
companies such as
Huawei still perceive
the business impact of
CE on its turnover as
low (Ranta et al. 2018)

Lewandowski (2016); Parajuly
and Wenzel (2017); Rizos

et al. (2016); Saidani et al.
(2018)

Al Zaabi, Al Dhaheri, and
Diabat (2013); Densley
Tingley, Cooper, and Cullen
(2017); Franco (2017); Geng
and Doberstein (2008);
Govindan et al. (2014);
Govindan, Madan Shankar,
and Kannan (2016); Lieder
and Rashid (2016); Masi,
Day, and Godsell (2017);
Mathiyazhagan et al. (2013);
Pitkénen et al. (2016); Ranta
et al. (2018); Rauer and
Kaufmann (2015); Rizos et al.
(2016); Shahbazi et al. (2016);
Walker, Di Sisto, and McBain
(2008); Wang et al. (2016);
Xue et al. (2010)

Finally, a lack of standards regarding CE processes, activities and materials is widely acknowledged in the literature
(Tecchio et al. 2017). For instance, standards regarding the input composition in Additive Manufacturing technologies for
most metals and polymeric materials have not been defined yet (ASTM 2017).
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Table 7. Technology challenges.

G Bressanelli et al.

ID Challenge Description

Origin

Example (anecdotal) References

19 Eco-efficiency
of tech-
nological
processes

Renovation processes
(especially recycling)
may be inefficient
from a technological
perspective, causing
losses and cross-
contamination of
materials. Moreover,
they can be very
expensive compared to
the linear production
from raw materials

20 Product
technology
improvement

Products designed to
last would be unable
to participate in the
continuous technology
improvements
processes

21 Data privacy
and security

Concerns about privacy
and data security inhibit
collection of products
when they reach the
end-of-use. Appropriate
data-clear activities
must be guaranteed.

Well-established
challenge of
reverse logistics
and renovation

Well-established
challenge of
reverse logistics
and renovation

It assumes a specific
meaning and
relevance for CE,
since generally
privacy issues do
not emerge at the
end-of-use

Washing machines-

Electrical and Electronics Baxter, Aurisicchio, and Childs

Equipment process-
The typical WEEE
recycling process
reckons on a pre-
processing step,
based on a ‘shred and
separate’ approach.
This first step results
in losses and materials
cross-contamination

(2017); Bouzon, Govindan,
and Rodriguez (2018);
Despeisse et al. (2017);
Franco (2017); Geng and
Daberstein (2008); Govindan
et al. (2014); Govindan,
Madan Shankar, and Kannan
(2016); Khodier, Williams,
and Dallison (2018); Li and
Yu (2011); Liu et al. (2017);
Masi, Day, and Godsell
(2017); Mathiyazhagan
et al. (2013); Parajuly and
Wenzel (2017); Pitkdnen
et al. (2016); Saidani et al.
(2018); Shahbazi et al.
(2016); Ueberschaar et al.
(2017); Wang et al. (2016);
Winans, Kendall, and Deng
(2017); Wiibbeke and Heroth
(2014); Xue et al. (2010)
Bakker et al. (2014); Kane,
Bakker, and Balkenende
(2018); Kumar and Putnam
(2008); Murray, Skene, and
Haynes (2017); Saidani et al.
(2018)

Prolonging the

lifespan of energy or
consumable intensive
products (such as
washing machines)
leads to losing

the chance of (i.)
participating in the
continuous efficiency
gains in energy or water
consumption offered by
new washing machines
(ii.) taking advantage of
more material-efficient
eco-design

Smartphones— Many users Despeisse et al. (2017); Saidani

are reluctant to return
their used smartphones,
since they fear that
their personal data can
be retrieved and used
inappropriately

et al. (2018); Whalen, Milios,
and Nussholz (2018)

These three challenges assume a specific meaning in a CE context, since taxation and policy instruments, measures,
metrics and indicators as well as standards should be shaped in a way to promote a systemic change in accordance with CE

principles.

3.5. Supply chain management

The return flows uncertainty regarding the quantity, mix, quality, time and place of returns of products decreases the prob-
ability of achieving an economic scale in reverse logistics and renovation activities (Kumar and Putnam 2008). Currently,
the greater part of products originally sold by OEMs never returns (Kalverkamp, Pehlken, and Wuest 2017). Low collection
rates limit renovation activities (Ueberschaar et al. 2017), while informal collection and treatments such as illegal waste
recovery further increase this uncertainty (Ranta et al. 2018). Time and place of collection are critical, too (Richter and
Koppejan 2016). This challenge is well known from closed-loop supply chain literature (Winans, Kendall, and Deng 2017),



Table 8. Users’ behaviour challenges.

ID Category Challenge

Description

Origin Example (anecdotal)

References

22 Users’ behaviour Ownership value

Careless
behaviour in
product usage

23 Users’ behaviour

Users” will-
ingness to
pay

24 Users’ behaviour

Servitised BMs offer access to
product instead of ownership.
Consequently, users may
not perceive intangible
values such as self-esteem,
sense of control, etc. This is
particularly true in the B2C
sector

Servitised BMs may lead to
careless behaviour in product
use and conservation by the
users, since they no longer feel
responsible for the product
correct conservation. This may
reduce the product duration, or
generate legal issues between
the supplier and the user

During the acquisition process,
users often only consider
product price as one of the
main factors influencing their
choice. Circular products
may be characterised by
high selling price, due to
enhanced quality (durability)
or upgradability, thus
constituting a barrier for the
customer. On the other side,
some customer segments
may not accept to buy
‘second hand’ (renovated or
refurbished) products, due
to status or fashion design
reasons, or since they have a
perception of lower reliability.
This reduces the market size
for ‘renovated” products
compared to new ones

Well-established challenge of Cars- In e.g. a sharing system,
servitisation users do not own the product.
Therefore they(i.) do not have
direct control on it(ii.) lose the
product status-symbol

Well-established challenge of Machine tools- B2B machine
servitisation operator may adopt a careless

usage of the machine tool
provided under a leasing
scheme with a full-service
contract, since additional
repair costs are covered by the
contract

It assumes a specific meaning Washing machine — Typically

and relevance in a CE, users consider washing

since users play a major machine price much more than

role in the transition usage-related costs (energy,

towards CE water, etc.). Therefore, they
prefer to buy cheaper models.
This, in turn, brings to a
higher environmental impact
(cheaper models consume
more energy and water
during the usage phase) as
well as higher total cost of
ownership. On the other side,
remanufactured washing
machines are seen as lower
quality, even though they
are covered by warranty.
Consequently, they are usually
sent to secondary markets, at a
lower price

Despeisse et al. (2017);
Genovese et al. (2017);
Kalverkamp, Pehlken, and
Wauest (2017); Lieder et al.
(2018); Masi, Day, and
Godsell (2017); Rizos et al.
(2016); Tukker (2015)

Barquet et al. (2013); Tukker
(2015)

Baxter, Aurisicchio, and Childs
(2017); Bouzon, Govindan,
and Rodriguez (2018);
Densley Tingley, Cooper,
and Cullen (2017); Geng
and Doberstein (2008);
Govindan et al. (2014);
Govindan, Madan Shankar,
and Kannan (2016); Intlekofer,
Bras, and Ferguson (2010);
Lewandowski (2016);

Lieder et al. (2018); Masi,
Day, and Godsell (2017);
Mathiyazhagan et al. (2013);
Nasir et al. (2017); Ongondo
et al. (2013); Pitkénen et al.
(2016); Ranta et al. (2018);
Saidani et al. (2018); Shahbazi
et al. (2016); Singh and
Ordofiez (2016); van Loon
and Van Wassenhove (2017);
Walker, Di Sisto, and McBain
(2008); Wang et al. (2016);
Whalen, Milios, and Nussholz
(2018); Winans, Kendall, and
Deng (2017); Xue et al. (2010)
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and it is critical in a CE context, since in most cases it is not possible to eliminate by design these uncertainties. Therefore
the estimation of return flows of products from customers in terms of volume, mix, quality, time and place of return is
challenging, thus reducing the ability to plan and execute renovation activities (Gutowski et al. 2011). Moreover, being the
supply chain fragmented, actors may not be aware of the activities and planning needs of other actors. For instance, the
quality of returns (state of damage, specific faults) cannot be predicted for each product unit collected at end-of-use, and
timing of returns can be predicted only in the case all products are transferred to the user with contracts of known duration,
which is only one among the possible options for servitised BMs contract design.

In many CE schemes, products at end-of-use have to be collected from utilisation places and sent back to specialised sites
for renovation; then they are sent to where a new utilisation cycle can take place. Thus, when a supply chain is redesigned for
CE, transportation costs and the related environmental impacts increase (Bakker et al. 2014). For instance, Krikke (2011)
describes a case where, following the implementation of a closed-loop supply chain in a printing company, the amount of
transportation has tripled over ten years.

The availability of suitable supply chain partners is another challenge widely recognised in the literature (Rauer and
Kaufmann 2015). Companies who decide to move towards CE may not have access to partners with appropriate skills and
the same CE commitment (Walker, Di Sisto, and McBain 2008).

Even when companies can count on a set of suitable partners, coordination and information sharing is difficult to achieve
(Govindan et al. 2014), especially because of competition among supply chain tiers, information sensitivity, poor IT system
integration or planning of activities. Product traceability may improve the effectiveness in planning and the efficiency in
executing collection and renovation processes (Despeisse et al. 2017). However, the organisation of business processes as
well as the limitations in hardware (e.g. sensors or RFID) and software (e.g. traceability systems) tools frequently do not
allow storing and sharing this information effectively (Franco 2017).

Finally, internal resistance to change as well as limited awareness and commitment from both top management and
employees (cultural issues) frequently prevent or make more difficult and troublesome the redesign of supply chain for CE
(Wang et al. 2016). Even though this challenge may be caused by change as such (e.g. human inertia towards change), it is
assumed that ad-hoc actions should be carried out to contrasts these cultural issues in CE contexts, so we consider this as a
specific challenge of CE.

3.6. Technology

At times end-of-use processes (especially recycling) have significant environmental impact or are too expensive, thus result-
ing not valuable from an eco-efficiency perspective (Liu et al. 2017). A typical example of this challenge is provided
by the WEEE recycling ‘shred and separate’ process, which results in materials contamination and losses (Parajuly and
Wenzel 2017).

Moreover, product technology improvement hampers circularity: circular products, being designed to last, might not
participate in the continuous technology improvement processes (Kumar and Putnam 2008). For instance, old electro-
mechanical products may consume more energy than newer ones, if not properly updated (Bakker et al. 2014), thus
compromising the achievement of sustainability improvements.

Finally, concerns about data privacy and security inhibit the adoption of supply chain redesign for CE (Saidani et al.
2018). For instance, users are reluctant to return their used smartphones, since they fear that their personal data could be
retrieved and shared (Whalen, Milios, and Nussholz 2018). Given a general trend towards the manufacturing of smarter
products (Porter and Heppelmann 2014), this challenge is particularly relevant. However, this also opens up great opportu-
nities in a CE perspective. When products become smarter through the adoption of the Internet of Things (1oT) paradigm
(Saidani et al. 2018), it is possible to collect huge amount of data regarding their operations. These data may in turn be used
to improve e.g. the design of products as well as their maintenance (Bressanelli et al. 2018). Unfortunately, these data are
not often exploited since customers are reluctant to give access to them. Such a challenge is well established in the context
of information technology and digitisation. However, it acquires a specific meaning in a CE context, where these issues also
concern the product end-of-use stage.

3.7. Users behaviour

Some users may not be attracted by servitised BMs that offer product access instead of ownership (Rizos et al. 2016). This
is particularly true in the B2C sector, where users may fear the loss of sense of control, availability, self-esteem or status
symbol connected with product ownership (Tukker 2015).

Since in servitised BMs users no longer own products, a careless behaviour in product usage may also arise (Barquet
et al. 2013), increasing repair and maintenance needs and generating relational drawbacks such as legal issues.



Table 9. Classification of the 24 challenges.

Life cycle phase Supply chain actor

Raw
material Sales and Services
Category ID Challenge CE specific extraction Production Distribution Utilisation Renovation Manufacturer Distributor User provider

Economic and Financial 1 Time mismatch between X X X X X X
viability revenue and cost streams
Financial risk
Operational risk
Cannibalisation X
IP and know-how access
Brand Image
Fashion change X X
Product complexity
Product (mass) customisation
Standards and regulation 10 Taxation and incentives
11 Measures, metrics, indicators
12 Lack of standards
Supply chain 13 Return flows uncertainty
management

X
X

X X X

Market and competition

X X X X

Product characteristics

Co~NoukwN

X X
X X
X X
X X

X X X
XXX XXX

14 Transportation and
infrastructure
15 Availability of suitable supply
chain partners
16 Coordination and information X
sharing
17 Product traceability X
18 Cultural issue (linear X
mind-set)
Technology 19 Eco-efficiency of
technological processes
20 Product technology X X
improvement
21 Data privacy and security X
Users’ behaviour 22 Ownership value X
23 Careless behaviour in product
usage
24 Users’ willingness to pay X X
Total 8

X
X X X X XXXXXX XX
X X X X XXXXXX XX XX

XX X X
X
X
X
XX X X X XXXXXX XXXXX
X

X XXX X
EX XXX X

17
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Moreover, users willingness to pay is critical: if sold under traditional transaction-based models, the price of circular
products (e.g. designed-to-last) could be higher than that of ordinary ones (Nasir et al. 2017). However, customers may not
recognise a ‘premium value’ to them. As well, customers usually look for substantial savings when purchasing renovated
or ‘second-hand’ products, even though they are ‘as good as new’ (Baxter, Aurisicchio, and Childs 2017). Nevertheless,
costs for renovating processes might prevent to sell them at low price. Even though this challenge is recurrent in the
remanufacturing literature, in CE this challenge assumes a specific relevance, since user involvement plays a major role
(Xue et al. 2010), especially under the “enablers’ building block. In CE, customers’ needs must be integrated in the business
enterprise (Lieder et al. 2018).

Based on the illustration above, Table 9 summarises the identified challenges, highlighting the eight challenges that
are relatively new to CE or assume a different meaning or relevance than in the past within the CE context. Moreover,
it provides a further classification of the 24 challenges according to two dimensions, i.e. life cycle phase affected and
supply chain actors involved. The categories considered for the supply chain actor dimension are: manufacturers (of parts,
components or products), distributors (e.g. wholesalers, retailers, etc.), final users, and service providers (i.e. the subjects
who provide services such as after-sales, transportation, maintenance, repair, remanufacturing, recycling, etcetera).

3.8. Leversto overcome the challenges

The analysis of the 63 papers also served to investigate the levers that companies could deploy to overcome the CE
challenges.

First of all, a modular product design strategy should be pursued to overcome the issues arising in renovation pro-
cesses due to the product complexity and product customisation challenges (Mont 2008), thanks to an easier replacement of
exhausted parts and components in collected products. Products designed in a modular way also enhance product upgrad-
ability (Kumar and Putnam 2008; Masi, Day, and Godsell 2017), thus contrasting the challenges related to fashion change
and technological evolution.

Moreover, the implementation of an ‘access over ownership’ revenue model allows monetising design-to-last and main-
tenance efforts (Sundin and Bras 2005), thus contrasting the cannibalisation challenge. Contractual agreements should be
put in place to define liabilities and payment schemes, and may be used to contrast both the financial and operational risks
(Neely 2008). Providing in this package a set of services that generate value to the users is an effective lever to prevent
challenges in the users’ behaviour category, such as ownership value and willingness to pay (Sundin and Bras 2005).

Supply chain integration of forward and reverse activities into a single enterprise (typically the OEM) is envisaged
to reduce return flows uncertainties (Rashid et al. 2013). Alternatively, the development of partnerships and trust among
different supply chain actors has to be pursued, as a pre-condition to give access to intellectual property and know-how,
enhance information sharing and mitigate other supply chain challenges (Whalen, Milios, and Nussholz 2018). Developing
or exploiting specific skills and competences is another lever suggested by the literature, since renovation processes are
often challenging due to product complexity and customisation (Lewandowski 2016).

The adoption of digital technologies such as 10T to monitor assets state and usage conditions mitigates challenges
related to operational risks and careless behaviour in products usage (Franco 2017). As well, it improves the coordination
among supply chain actors and product traceability (Bressanelli et al. 2018).

Finally, the literature suggests governmental interventions to support the adoption of CE into supply chains (Densley
Tingley, Cooper, and Cullen 2017). Several attempts have been made, such as the promotion of green public procurement
practices or the extended producer responsibility (Govindan, Madan Shankar, and Kannan 2016). However, this is not a
kind of action whose adoption lies in the power of single companies.

Appropriate take-back incentives, such as the use of a deposit-refund scheme, reduce return flows uncertainties
(Wojanowski, Verter, and Boyaci 2007). Communication and awareness generation of CE for both companies and users
should come into play, to overcome cultural and willingness to pay challenges (Densley Tingley, Cooper, and Cullen 2017;
Lieder et al. 2018). In this regard, eco-labelling and certifications are exemplar normative interventions to generate such
awareness and willingness to pay (Masi, Day, and Godsell 2017).

4. Case studies: overcoming the Circular Economy challenges

This section presents the four cases selected (Section 2.3). All cases belong to the HA sector, where several CE initiatives
are being carried out. In particular, the cases concern WMs. WMs present a great potential for CE, being suitable for
servitised BMs (Tukker and Tischner 2006) and owing to the usage phase in-field more than 60% of their total cost of
ownership (Saccani, Perona, and Bacchetti 2017) as well as the majority of their environmental impact (Devoldere et al.
2009). According to an Ellen MacArthur Foundation study (2012), for instance, replacing the purchase of low-end WMs
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with leasing of high-end ones would result in saving 180 kg of steel and more than 2.5 tons of CO, equivalent per household
in a time frame of 20 years.

The following of this section illustrates the CE initiative undertaken by the four companies, the challenges encountered
and the levers adopted to overcome them.

4.1. Company Alpha

Alphais a startup company, founded in 2014 to offer premium WMSs under a pay-per-wash or pay-per-month basis. Currently
operating in a northern European country, in 2016 the company has achieved around 100 subscriptions. The company
employs less than 10 employees. By subscribing to Alpha services, users can have a high-efficiency WM at home without
paying its retail price, installation and repair costs. Subscriptions in fact replace the WM ownership. Each month customers
pay either a fixed cost or an amount that depends on the number of washing cycles performed. Alpha offering increases
material efficiency, while reducing the use of consumables such as energy, water and detergents. In fact, all the WMs offered
are labelled as A+ + + on the European Energy Label, and are equipped with an automatic-dosing detergent dispenser
and a load detector. Among the four CE building blocks, the main one involved in the Alpha case is servitised BMs.

Together with the appliance, the company supplies an 10T kit to connect the WM to the Internet. The kit enables Alpha
to monitor remotely the WMs. Thus, the firm provides, included in the fee, additional services such as personalised advices
(e.g. how to load the WM, how to choose the most appropriate washing cycle duration or temperature, etc.), proactive
maintenance and time of optimal appliance upgrade. Users who follow those tailored advices and utilise WMs in the most
sustainable way may benefit from a fee reduction. Moreover, users may end the subscription each month, but the reported
withdrawal rate is very limited (below 5%). In this case, the appliance is collected and a full performance check is executed:
appliances are repaired, cleaned and reintroduced in a new cycle, with a new user. When appliances become less energy-
efficient, they are collected and replaced. In this case, their components are used in the manufacturing of new appliances or
their materials are recycled, depending on the wear and tear of the parts.

Alpha has experienced several challenges among those found in literature. First, the time mismatch between revenue
and cost streams (#1) poses a financial issue to the company. However, the company counts on warranties to finance 70% of
the subscriptions. Moreover, alternative financial ways, such as crowdfunding, have been pursued. To date, Alpha has raised
about 500,000 dollars in crowdfunding, meaning that users believe in the company mission. Yet, through its servitised BM,
Alpha is exposed to financial (#2) and operational (#3) risks. Financial risk is mitigated thanks to an initial deposit that
users have to pay to start the subscription, as defined in the contractual agreement. The deposit will be returned when the
subscription ends. Operational risk, instead, is mitigated by monitoring the WMs thanks to the 1oT. Cannibalisation (#4) is
not perceived as a challenge in the short term, given the little market share of Alpha. However, if Alpha business scales
up, it could negatively affect the sales of the OEM that provides the WMs to Alpha in its traditional linear channel, since
the subscription BM proposed by Alpha is in competition with the typical current sales-based business model of OEMs
through retail channels. This might eventually lead to OEM to refuse to sell WMs to Alpha: this issue is not currently
envisaged due to the low volumes but also to the partnership developed with the supplier of WMs. A lack of standards
(#12) for the interoperability of the 10T tool provided may hinder the scalability of the business towards other appliance
models. Thanks to the servitised BM adopted, and considering the limited customers’ withdrawal rate, Alpha knows when
most of the subscriptions will expire, thus reducing return flows uncertainties (#13). Transportation and infrastructure (#14)
is not considered a challenge yet, given the relatively low number of active subscriptions and the fact that they are located
in a rather small geographical area. However, it will become critical if the business scales-up. Consequently, the company
is going to enforce the partnership with third-party logistic service providers, to improve WMs collection capabilities. The
BM success also relies on the availability of highly efficient appliances. To this purpose, a partnership with a high-end WMs
manufacturer was developed (#15). Product traceability (#17) issues are reduced thanks to the 10T kit, which allows storing
a digital log of each product activity in the cloud. Consequently, aspects such as the number of washing cycles carried out
or the energy consumed are traced and can be retrieved at any time, supporting effective maintenance and renovation. The
product technology improvement challenge (#20) is mitigated through upgrades: since the appliance is turned into a smart
product, it is possible to upgrade the software that controls the usage efficiency.

Since data are collected from households, data privacy and security (#21) concerns may arise. The company faces
them by offering a full set of value-added services — mentioned above — in return for the users’ consent to share data. The
same policy is applied to overcome ownership value issues (#22), together with customers’ communication and actions to
raise awareness. A careless behaviour in product usage (#23) is discouraged by IoT monitoring and the payment of the
initial deposit. Since Alpha offers highly efficient WMs, their high price may be in contrast with users’ willingness to pay
(#24). However, this challenge is overcome thanks to the access revenue model, through pay-per-use or monthly fixed-fee
payments.
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4.2. Company Beta

Beta is a distributor of spare parts for HAs, supplying customers in more than 70 countries all over the world. It offers
technical assistance and spare parts to more than 2000 customers (retailers, distributors and wholesalers) all around the
world. In 2016, the company had a turnover of about 15 million of euros, employing more than 20 employees. Thanks to
its technical experience on components and spare parts of several brands, in 2016 the company started a project aiming to
re-generate appliances that have become WEEE. This initiative has the objective of reintroducing them into a new usage
cycle, instead of being disposed of, recovering (at best) materials to be recycled. Thus, Beta business re-engages WEEE
and then resells them to low-income households, temporary residents as well as second homes. The project has started with
one refurbishment facility, close to Beta headquarters in southern Europe. In the facility, opened in February 2017, Beta
employs seven persons experienced in HA repair activities who were out of work due to the economic crisis, thus pursuing
also the CE social aim. The company has recently opened a second regeneration laboratory and shop, with the double aim
to sell renovated appliances and to train marginalised people in repair and remanufacturing activities.

Therefore, Beta initiative concerns the end-of-use WMs and other HA collection, renovation and re-selling activities.
The company does not control the production and first-hand sales of WMs. However, Beta case is considered as a CE
initiative since it contributes to sustainable development and adopts actions in at least the reverse logistics building block
of CE by refurbishing, renovating and putting the appliances again in circle. In its first year of activity, the company has
renovated more than 1000 WMs, with total savings on the environment of about 23 tons of concrete, 23 tons of steel, 8 tons
of wire, 11 tons of bulk plastics and 3 tons of aluminium.

Beta CE project experiences several challenges. First, even though cannibalisation (#4) does not constitute a challenge
in the short term, given the current low volumes of Beta business, it may become such in the long run for WM OEMs if the
business scales up. More specifically, the renovated products may cannibalise the products offering of OEMs.

In turn, OEMs may hinder the company renovation activity, because of IP property and know-how (#5) issues or brand
image challenge (#6). Beta faces these challenges thanks to a good collaboration with several HA brands, reinforced by
its role as spare parts distributor. On the other hand, product complexity (#8) and customisation (#9) increase the difficulty
in performing renovation activities. Beta mitigates these barriers by relying on the skills and competence of its workforce.
When the company decided to start its re-generation activity, it faced several policy concerns (#10). For instance, it was
not clear how Value Added Taxes should be paid on secondary raw materials such as WEEE. Moreover, Beta needed a
qualification, issued by the local government, in order to treat WEEE. The availability of suitable partners (#15) is perceived
as a great challenge by Beta, especially for what concerns the supply of WEEE to regenerate. A partnership with local
smelters, who agreed to provide WEEE that are still in good conditions, reduced the impact of this challenge. Moreover,
users may donate their worn-out appliances to the non-profit organisation that collaborates with Beta, as a form of user
take-back incentive. These two partnerships also reduce the return flows uncertainty (#13), a challenge that is limited due to
the small scale of the activities to date, but that might become relevant in the future. As in the case of Alpha, transportation
and infrastructure (#14) is not considered a challenge yet, given the low volume of activity. However, it will become
critical when business scales-up. In this regard, Beta has a partnership with a third-party logistics provider that delivers
new appliances to end users and, at the same time, collects the old appliances (which will be renovated by Beta). The eco-
efficiency of technological processes (#19) may hinder the execution of Beta activities. Product technology improvement
(#20) is critical because it limits the number of appliances suitable for renovation: the company refurbishes only appliances
within a high-energy efficiency label (at least A+ in the European Energy Label scheme), and which are still in almost an
‘as good as new’ condition. In fact, the expected life of renovated WMs is about five years.

Finally, users” willingness to pay (#24) has been considered as a challenge, since the company sells refurbished appli-
ances renovated from WEEE. This challenge is faced by providing value-added services such as a one-year warranty on the
WNMs which includes a free technical assistance service.

4.3. Company Gamma

Gamma is a self-service laundry designer, which franchises the laundry concept, layout, equipment, detergents and support
to small entrepreneurs. Gamma also directly owns some laundry facilities. Gamma is in a close partnership with a manu-
facturer of professional WMs, that partially owns Gamma. Recently Gamma started a project which aims to increase the
share of consumers who prefer to access its washing and drying service, instead of owning personal appliances, by offering
a personalised customer experience through laundry digitalisation. Laundry equipment, the automated counter and cash
register where users select machines and programmes, as well as the electrical heating and security systems of the facility,
are all connected to a central system. This central system allows monitoring remotely the whole facility, and the owner can
remotely control the main parameters. As well, the digital solution offers the opportunity to improve customer experience
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through an app that provides information to users about the state of the WMs (either available or busy), so to organise their
laundries, the possibility to book remotely a WM (forthcoming) and a personalisation of the customer experience based on
the information about usage habits (e.g. preferred type of machines and programmes), ad hoc discounts, etcetera. The strong
partnership with the OEM facilitated the technological set-up of the solution, and helped in solving technical issues related
to the connection of WMs with the other equipment in the shop.

The expected outcome of such an endeavour is an extension of the WM lifecycle in the shops (through the improvement
of maintenance activities), a reduction of the overall energy consumption of the facility, increased revenue streams for the
self-service laundries and a reduction of the number of privately-owned WMs by household, by attracting more users that
will fulfil their laundry needs only through self-service laundries.

However, Gamma faces several challenges. First, it is directly exposed to a time mismatch between revenue and cost
streams (#1), financial (#2) and operational (#3) risks. The company reduces them thanks to a well-established BM and
laundry concept, able to minimise the payback time to two years of activity. The availability of suitable supply chain
partners challenge (#15) supplying professional WMs has been overcome thanks to the partnership with the OEM who has
also a share in Gamma. Coordination and information sharing (#16) between Gamma and its franchisees is also critical.
However, the digitalisation path undertaken overcomes this challenge, by means of a better communication enabled by the
cloud platform system.

The product technology improvement challenge (#20) has been overcome thanks to the opportunity to upgrade washing
programmes in a digital way, as in Alpha case. Following the adoption of this digital laundry project, data privacy and
security concerns (#21) may arise, since a huge amount of data regarding users are gathered. However, data are not perceived
as sensible by users. The ownership value loss (#22) may be mitigated through an improved customer experience (through
the smartphone app, personalised alerts and discounts, etc.). Finally, the risk of careless usage behaviour (#23) may exist,
but it is faced through digitalisation and monitoring of the machines at self-service laundry sites (e.g. through cameras).

4.4. Company Delta

Delta is among the world major players in the manufacturing of household appliances. The Company strategy includes the
development of circular products with low environmental impact and reduced energy consumption. Thus, it has addressed
design for environment to improve product performance, efficiency and serviceability, as well as to increase the share of
recycled materials. In 2016, the increase in the use of recycled plastics in the manufacturing of new appliances by the
company led to saving about 10,000 tonnes of virgin plastics. The company has a long-term programme to reduce plastics
usage by increasing, within 2020, the volume of recycled plastic to 20,000 tonnes per year, by focusing R&D and purchasing
efforts to increase the use of recycled plastic in the production of household appliances. Being an OEM, the main building
block involved in the Delta case is circular product design.

In the product redesign project, aimed at both extending the lifecycle and increasing resource efficiency, Delta faces
several challenges. First, circular resource-efficient products may cannibalise (#4) the existing offer of other WM maodels.
Moreover, with a growing installed base of more “circular’ products with longer life in field, Delta would further reduce the
number of product units sold over time, due to a lower substitution rate. However, Delta expects a higher unitary margin on
the new products sales, and that new market segments will be attracted by the new offering (e.g. environmentally conscious
users), thus the overall monetary effect would be positive for the company.

Fashion changes (#7) and product technology improvement (#20) are challenging in the light of the design for durability
strategy adopted. These challenges are mitigated by the implementation of modular design to achieve upgradability. In
this regard, upgradability allows also catching up with energy efficiency improvements, thus avoiding a net negative effect
on the environment that could occur when the life of high energy-consuming products is extended. Product complexity
(#8) and customisation (#9) constitute other two critical aspects, since they increase product design challenges. Again, a
modular design is adopted to overcome these challenges. Taxation and incentives (#10) to the use of recyclable materials,
and a higher standardisation (#12) — e.g. in secondary raw materials characteristics — are both acknowledged to be relevant
challenges by Delta. Thus, lobbying activities are pursued, to incentivise policy-makers in this regard.

Usually, stakeholders assess the company performance by looking at traditional indicators such as the company turnover
or market share. However, cannibalisation may reduce company primary sales. Thus, traditional indicators (#11) are inad-
equate to foster the CE paradigm. To overcome these issues, the company has decided to adopt additional indicators that
highlight the company social and environmental awareness. Given Delta role as a manufacturing company, the linear cultural
mind-set (#18) has to be overcome. In this regard, awareness generation and training activities to Delta managers may be
planned by the company.

Finally, circular resource-efficient products have higher prices than traditional ones, facing the users’ willingness to
pay (#24) challenge. However, since these products entail lower resource consumption during the usage phase, customers
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may benefit from an overall Total Cost of Ownership reduction. Therefore, this challenge may be overcome through com-
munication and awareness generation about cost savings to customers, as well as through the adoption of pay-per-use
BMs.

5. Discussion

In this section, the four cases are compared and analysed. Based on the combined analysis of the literature and the empirical
findings, a conceptual framework is proposed linking the 24 challenges to a set of levers to overcome them.

Table 10 provides a cross-case comparison, summarising the challenges associated to each case.

It is worthwhile to note that all the 24 challenges have appeared at least in one case, while only one, i.e. ‘product
technology improvement’, appeared in all cases. Given the different roles and activities covered by the investigated com-
panies, which range from product design and manufacturing to end-of-use renovation, the empirical investigation confirms
the distribution of CE challenges among the different lifecycle phases and supply chain actors emerged from the literature
(Table 9). Consequently, the need for a systemic and holistic approach when supply chain are redesigned for CE is supported
by this study (Lieder and Rashid 2016).

The findings suggest that a great degree of vertical integration by one actor in the supply chain is not a necessary
condition for CE implementation, differently from findings from previous research. In fact, each case has mainly focused
on one or few among the four CE building blocks, but they allow (each case alone and altogether) achieving economic,
environmental and societal benefits at the aggregate level, thus contrasting previous findings that asserted the need of vertical

Table 10. Cross-case comparison: challenges pointed out in the cases.

Category 1D Challenge Alpha Beta Gamma Delta N° of occurrences
Economic and financial viability 1 Time mismatch between X X 2
revenue and cost
streams
2 Financial risk X X 2
3 Operational risk X X 2
Market and competition 4 Cannibalisation X X X 3
5 IP and know-how access X 1
6 Brand Image X 1
Product characteristics 7 Fashion change X 1
8 Product complexity X X 2
9 Product (mass) X X 2
customisation
Standards and regulation 10 Taxation and incentives X X 2
11 Measures, metrics, X 1
indicators
12 Lack of standards X X 2
Supply chain management 13 Return flows uncertainty X X 2
14 Transportation and X X 2
infrastructure
15 Availability of suitable X X X 3
supply chain partners
16 Coordination and X 1
information sharing
17 Product traceability X 1
18 Cultural issue (linear X 1
mind-set)
Technology 19 Eco-efficiency of X 1
technological processes
20 Product technology X X X X 4
improvement
21 Data privacy and security X X 2
Users’ behaviour 22 Ownership value X X 2
23 Careless behaviour in X X 2
product usage
24 Users’ willingness to pay X X X 3
N° of challenges 14 12 9 10
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integration in order to reach CE (Rashid et al. 2013). In fact, applications limited in scope compared to the four building
blocks, such as Alpha (acting only on the servitisation and digitisation building blocks), Beta (acting on the reverse logistics
one) and Delta (focusing on circular product design) lay however the foundations for a more sustainable and circular HA
supply chain.

Findings from the cases also allowed exploring the role and mechanisms through which companies address the chal-
lenges emerged from the literature review. In this regard, Figure 3 provides a framework that links the 24 challenges to
potential levers to overcome them. The majority of levers listed in Figure 3 have already emerged from the theory (see
Section 3.8) and confirmed in practice. A few ones, instead, have emerged solely from the cases or from the literature.
However, a formalised matching between challenges and the levers to overcome them has been overlooked in the literature
to date, despite it allows providing a greater managerial understanding of CE implications and risks.

In particular, as depicted by Figure 3:

(1) To contrast economic and financial viability challenges, contractual agreements and alternative financial solutions
such as crowdfunding have emerged as levers (the latter was not found in the literature). Moreover, the adoption of
10T to enable remote asset monitoring mitigates the operational risk.

(2) Setting-up partnerships among different supply chain tiers mitigate market and competition challenges, while can-
nibalisation may be prevented through the adoption of an ‘access’ revenue model, in order to monetise the increase
life duration of products generated by CE.

(3) To face challenges related to product characteristics, modular design and upgradability strategies may be pursued at
the design stage. More specifically, upgradability can be reached through a modular redesign (see e.g. Delta case)
or product digitisation (see, e.g. Alpha and Gamma cases). At the renovation stage, instead, the workforce skills
and competence play a vital role, as shown by the Beta case.

(4) To face challenges in the domain of standards and regulations, lobbying has arisen as a possible lever to push
legislation towards the implementation of adequate incentives, norms and standards. The lack of adequate metrics,
instead, can be overcome through the adoption of ad-hoc sets of indicators, supported by education and training
towards their use.

(5) Supply chain management challenges may be addressed through: setting close partnerships with other supply chain
actors; using loT technologies to remotely monitor assets and products; introducing take-back incentives; adopting
access revenue models; and awareness generation.
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Economic and 1 Time mismatch between revenue and cost streams L.C C
Financial viability 2  Financial risk L;C C
3 Operational risk L;C L;C
Market and 4 Cannibalisation L
competition 5 IP and know-how access L;C
6 Brand Image L;C
Product 7  Fashion change LC | LC
characteristics 8  Product complexity L;C L:C
9  Product (mass) customisation L;,C L;.C
Standards and 10 Taxation and incentives C
regulation 11 Measures, metrics, indicators C LC
12 Lack of standards C
Supply chain 13 Return flows uncertainty L;C L |[LC L;C
management 14 Transportation and infrastructure L;C
15 Availability of suitable supply chain partners L;C
16  Coordination and information sharing L;C
17 Product traceability L;C
18  Cultural issue (linear mind-set) L;C
Technology 19  Eco-efficiency of technological processes
20  Product technology improvement L;C
21 Data privacy and security L;C
Users’ behaviour 22 Ownership value L;C L
23 Careless behaviour in product usage L;C L;C
24  Users’ willingness to pay L;C L;C L;C

Key: ‘L’ means that the lever has emerged from literature; ‘C” means that the lever has been found in the empirical cases

Figure 3. The framework linking CE supply chain redesign challenges with potential levers to overcome them.
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(6) Technology challenges may be overcome by enhancing product upgradability or introducing value-added services
in a way to reduce data privacy and security concerns.

(7) Users’ behaviour challenges are addressed through value-added services and by building customer awareness, in
order to increase their willingness to pay, or through asset remote monitoring and contractual agreements, to prevent
careless behaviour in product usage.

As shown by the framework, some linkages (between challenges and levers) uncovered in cases have not emerged from
the analysed literature. In particular, the use of alternative financial ways such as social lending and crowdfunding was not
found in the extant literature, but emerged from the Alpha case as a way to contrast the time mismatch between revenue and
cost streams and the financial risk challenges. This lever could be understood in the light of the recognition by the literature
of a crucial role for users in CE, that even suggests to integrate customers as a part of the enterprise (Rashid et al. 2013): in
this case, customer integration occurs at the financial stage. Second, even though the literature widely recognises the need
for a government intervention to address standards and regulation challenges, the lobbying lever emerged through the Delta
case has not been specifically investigated in CE literature yet.

Finally, the empirical investigation sheds some light on the interrelations among challenges and the implications of
actions by a supply chain actor on the others. For instance, the cannibalisation challenge pointed out in Alpha and Beta cases
does not affect the company itself, but concerns instead another actor in the supply chain — in both cases the WM OEMs,
which still rely on a traditional (linear) revenue model. In addition, challenges may be less or more relevant depending on
the actor that promotes the CE initiative. For instance, the cultural issue challenge is generally very relevant for traditional
manufacturers, while is not faced by startups founded in order to develop CE approaches, such as Alpha. This evidence
suggests that the severity of the challenges and their interconnections depend on the supply chain configuration and on role
of the specific actor that promotes a CE initiative.

6. Conclusion
6.1. Contribution to research

CE is a rather new concept — though it builds on well-established disciplines such as closed-loop supply chains — which
has acquired growing popularity in both scientific and popular press, entering the agendas of governments and companies.
Supply chain redesign for CE requires a holistic and multidisciplinary approach, being related to CE actions on four building
blocks (circular product design, servitised BMs, reverse logistics, enablers). It therefore poses several challenges. This paper
contributes to the accumulation of scientific knowledge on CE with different contributions.

First, it carries out a literature review with the aim of pointing out and categorising the challenges in supply chain
redesign for CE. This study contributes to filling a research gap, since a systemic and holistic view of these challenges
has not been proposed in the literature to date. The analysis has led to the identification of 24 challenges, grouped into
seven categories, namely: Economic and financial viability, Market and competition, Product characteristics, Sandards
and regulation, Supply chain management, Technology, and Users' behaviour.

Second, the challenges have been empirically investigated through a multiple case study in the HA supply chain and
particularly concerning WM, a product category suitable for the adoption of CE principles. The categorisation obtained (see
Table 9) also shows that CE challenges are quite distributed among the different lifecycle phases and supply chain actors.
Therefore, the need for a systemic and holistic approach when supply chain are redesigned for CE is supported by this
study. In particular, we noticed that while 16 out of 24 challenges are well known from previous research on topics such as
closed-loop supply chains or servitisation, eight are relatively new to CE or take a different meaning or relevance within the
CE context. These are the market cannibalisation (since a time dimension of cannibalisation is typical of CE, where circular
products threatens future product sales), the impact of fashion changes, the three challenges in the standards and regulations
category (taxation and policy instruments misalignment, metrics, lack of standards), cultural issues specific to the CE, data
privacy and security at the end-of-use, and the willingness to pay for CE products.

Third, the cases also allowed exploring the mechanisms through which companies address the challenges systematised
through the literature review. A set of levers that can be used to tackle these challenges has been outlined, stemming from
both the literature and the empirical study. The levers have been linked to the 24 challenges in the framework presented in
Figure 3, contributing to knowledge accumulation on how the CE challenges can be addressed in practice. Figure 3, besides
systematising such linkages, also uncovered some (found in the case studies) that have not been thoroughly discussed in
literature, in particular concerning the use of alternative financing (e.g. crowdfunding) to overcome economic and financial
viability issues, and of lobbying to promote the definition of CE standards and regulations by government and institutional
actors.
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Finally, the four cases analysed involve actors at different supply chain levels, and have mainly focused on one or few
among the four CE building blocks. This fact points to a reflection about actual CE endeavours. A thorough CE approach
suggests the joint implementation of actions on the four CE building blocks discussed in this paper. In general, however,
this would require a great degree of vertical integration by one actor in the supply chain, or a strong coordination and shared
objectives among supply chain actors, so to govern in a harmonised way the lifecycle phases ranging from components and
product development to production, distribution and sales, customer relationship during the product useful life and end-of-
use activities. However, in the WM supply chains as well as in several others, even the main player (often the product OEM)
has little (if any) power on other supply chain stages and on the multiplicity of players involved, as shown also by notable
CE examples mentioned in Section 2.1. This, in our view, should not be taken as a limit to the application of CE principles,
but should rather lead to an even more comprehensive view on the topic. CE applications such as Alpha (acting on the
servitisation and digitalisation enablers) or Beta (acting instead on the reverse logistics building block), while not reaching
all the objectives of CE, lead (alone and altogether) to a more sustainable development and to a more circular HA industry,
bringing economic, environmental and societal benefits at the aggregate level. Therefore, we consider that all initiatives
that act in one or more of the CE directions (i.e. the four building blocks) with a sustainable development aim should be
considered ‘circular’ endeavours, and therefore fall into the CE definition proposed in Section 2.1.

6.2. Managerial implications

Our study contributes to providing an improved managerial understanding of CE implications and risks. Companies who
wish to redesign their supply chain for CE may use the findings from this paper to anticipate likely challenges to be faced in
the transition towards CE. By this token, the framework can be seen as a useful starting point for managers undertaking the
path towards CE, and as a way to identify levers to overcome challenges. More specifically, the framework shows which
levers may be adopted to overcome each challenge, thus giving insights to managers on how to design the path towards CE.
For instance, managers should first identify the challenges that presumably the company is going to face in the CE path, and
then use the framework to select the best-suited levers to overcome theme, in a way to minimise implementation costs and
maximise effectiveness.

As a second contribution, the identification of levers to address the challenges supports managers in practically
addressing these challenges, suggesting solutions and corrective actions against recurrent issues in CE initiatives.

6.3. Limitations and future research directions

This study has some limitations. Since the four case studies have been chosen for their appropriateness, rather than for
representativeness, the external validity of the findings cannot be ensured. On account of this limitation, the findings related
to the second objective (levers to address the CE challenges) can hardly be generalised (although they are discussed against
a literature background) and call for an extension of the research. Exploring how levers vary across industrial sectors would
allow to investigate more thoroughly the variety of potential responses to CE challenges, as well as how they vary according
to factors such as industry, company size, role in the supply chain, geography, and others. This extension is, in our view, a
promising avenue for future research.

Moreover, the empirical investigation shed some light on the interrelations among challenges and the implication of
actions by one supply chain actor on the others, as reported in the discussion section. Future studies should focus more
systematically on these interrelations — such as the implications of cannibalisation, its time dimension and the time mismatch
between costs and revenue streams — and on the relationships among challenges, supply chain configuration types and CE
initiative characteristics, e.g. through contingency analyses. This will further increase knowledge on CE success factors,
and therefore lead to relevant managerial implications.
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Appendix. Research protocol and track interview.

The following research protocol was established, to facilitate the qualitative data collection during interviews. Not to disclose confidential
information, a simplified version is here provided.

Phase

Guidelines for interview and instructions

0. Presentation and introduction
of the theme

1. General questions about the
company

2. Targeted questions about the
CE projects undertaken

3. Specific questions about CE
challenges

4. Levers investigation

5. Conclusion

Presentation Good morning, my name is ... and | am a researcher at ... We wish to thank you for
agreeing to undertake the interview.

Aim The aim of this interview is to get a comprehensive overview of the challenges that arise when
a supply chain is redesigned for CE. Moreover, we want to shed light on the levers.

Support material | shared with you (approximately a couple of weeks ago) some supporting
documentation, including the research background, a glossary of terms and a list of challenges
that emerged through a systematic screening of the scientific literature (cf. Tables 2-8). | hope
you have had time to read it.

General Instruction Please be aware that there is no right or wrong answer, but we wish you
answer based on your best knowledge. While | focus on asking questions, my colleague will take
care of taking notes.

Confidentiality No information about the company name will be revealed. The interview willbe
transcribed, so to extract the most relevant parts from your valuable feedback. Data will be treated
in a confidential way.

First, we would like to ask you some general ques-
tions about your company. Could you please describe:

(i.) who you are and what is your role in the company;
(ii.) the main activities of your company and its supply chain structure;
(iii.) the evolution of the company turnover over years;
(iv.) the size of the company (i.e. the number of employees);
(v.) the CE project undertaken by your company;
(vi.) the scope of the CE project;
(vii.) the motivation behind the decision to undertake such a project.

Now we have some targeted questions regarding the CE project undertaken. First, could you please
describe whether and how the four CE building blocks (circular product design, servitised BMs,
reverse logistics and enablers) have been implemented by the company?For confidential reasons,
the remaining content of this section is here omitted.

Now we would like to discuss the challenges faced in your CE project.

For each of the 24 challenges:

e Is your company facing the challenge number X? (If the challenge is not clear to the
interviewee, use an anecdotal example as in Tables 2-8)

e If yes, in which situation? Did this challenge specifically emerged in a CE context or it
has emerged in other contexts too? In which life cycle phase (or phases) did it emerge?
Which supply chain actors have been touched by this challenge?

e If your company is facing this challenge, how is your company trying to overcome it?

After having discussed the 24 challenges, could you please tell me which ones were the most
relevant in your opinion (up to three)?

Are there any challenges you faced that are not included in the list? If so, could you please describe
them?

Based on our discussion so far, we have extracted a list of levers that your company has used (or is
using) in order to address one or more challenges. Could you please confirm if this list is pertinent
to your CE project? (list the levers emerged from the interview so far)

Avre there any other levers you adopted that are not included in the list? If so, could you please
describe them in few words?

Thanks again for your time. We will send back our notes for further validation. Results from your
case are going to be systematised and finalised (although in an anonymous way). We will be glad
to share the final report with you.
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