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ABSTRACT

Keywords:

Circular economy

Circular supply chain management
Closed-loop supply chain management

The circular economy (CE) concept has gained wide attention in practice as well as in academia in
recent years. This paper reviews the state-of-the-art practices and research in “circular supply
chain management” (CSCM), i.e., the integration of CE thinking into supply chain management

(SCM) with the goal of achieving “zero wastes”. The review covers 68 real-life CE implementation
cases collected by the Ellen MacArthur Foundation and 124 publications in well-established, high-
ranking academic journals in operations and supply chain management. The comparative review
shows that CSCM encompasses multiple dimensions, including closed-loop SCM, reverse SCM,
remanufacturing SCM, recycling SCM, and industrial symbiosis. A multi-dimensional CSCM (MD-
CSCM) framework is developed to synthesize their interrelationships and to categorize academic
publications into multiple research themes. Based on the identified research-practice gaps and
pressing research needs, this study discusses important directions for future studies to advance
supply chain circularity.

Sustainable supply chain management
Green supply chain management

1. Introduction

In the current era of increasing resource scarcity, the circular economy (CE) concept has been advocated by researchers, policy
makers, and business leaders. The Ellen MacArthur Foundation (2015) defined CE as an economy that is restorative and regenerative
by design. It aspires to a zero-waste vision by circulating resources through biological (natural decomposition) and technical (reuse,
remanufacturing, refurbishing, and recycling) cycles (Farooque et al., 2019). It is much more sustainable than the dominant linear
extract-make-use-dispose model. It can also be regarded as a good corporate social responsibility (CSR) practice (Liu et al., 2021).

The transition to a CE requires a transformation in supply chain management (SCM), which has given birth to a new concept,
circular SCM (CSCM). Farooque, Zhang, Thiirer, et al. (2019) defined CSCM as “the integration of circular thinking into the management of
the supply chain and its surrounding industrial and natural ecosystems” (p. 884) with the goal of achieving “zero wastes”. The CSCM
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Table 1

A comparison of this review with other published CSCM review papers.

Transportation Research Part E 155 (2021) 102509

Other Related
Review Papers

Topics/scopes

Review Types & Databases

Coverage

Outcomes

Govindan &
Hasanagic
(2018)

Bressanelli et al.

Drivers, barriers, and
practices towards CE from a
supply chain perspective

Challenges in supply chain

A systematic search in
Scopus & Web of Science

A systematic search in

60 journal articles published from
2000 to 2016

63 journals articles & four business

e A multi-perspective frame-
work of CE drivers, prac-
tices, and barriers
Categorization of CE

(2019) redesign for the CE Scopus cases in the washing machine challenges for supply chain
industry redesign
e Levers that could be used to
overcome these challenges
Farooque, CSCM A structured search in 261 journal articles published till e A definition of CSCM
Zhang, Scopus 2018 o Analysis of articles by
Thirer, et al. supply chain functions
(2019) e Future research directions
Lahane et al. CSCM A systematic search in 125 journal articles published e Publications were

(2020) Scopus between 2010 and July 2019

evaluated against 13 pre-
defined structural
dimensions

Future research directions

68 real-life CE implementation cases e A multi-dimensional CSCM
& 124 articles in high-ranking framework

operations and supply chain journals Research-practice gaps

Ellen MacArthur
Foundation’s case studies
collection & A structured

This article CE implementation in
practice & academic

research in CSCM

search in Scopus till 2020 o Future research directions
Review of practices Review of research
Ellen MacArthur Foundation’s High-ranking operations and supply
1. Data sources case studies collection chain management journals
2.5eareh& o e e e e By it} ot G e
screening

68 real-life cases of CE
implementation in businesses
4. Content — —— — —,
analysis

124 articles that are mainly related to

3. Final sample supply chain circularity

Descriptive
analysis results

Multi-dimensional
CSCM framework

CE implementation sectors,
incentives, benefits, supply chain
collaboration, and circularity
archetypes

5. Review
results

Literature review results on multiple
research themes

analysis

Research-practice gaps

Fig. 1. Comparative review procedures.

concept extends the boundaries of closed-loop SCM (Guide & Van Wassenhove, 2006), green SCM (Srivastava, 2007), and sustainable
SCM (Seuring & Miiller, 2008). In comparison with these traditional concepts related to supply chain sustainability, the CSCM concept
offers greater potential and clearer pathways for advancing supply chain circularity. For example, closed-loop SCM can rarely reuse/
recycle all materials within the original supply chains, but CSCM enables value recovery across different supply chains with partnering
firms in the same industrial sector and/or other sectors (Weetman, 2017; Genovese et al., 2017). Therefore, it can achieve a higher
level of supply chain circularity.

Several recent review papers have looked into the emerging CSCM research domain. Table 1 compares our study with these CSCM
review papers. For instance, Govindan and Hasanagic (2018) review drivers, barriers, and practices towards CE from a supply chain
perspective. They uncover that, among various stakeholders, the government should have the greatest influence on the CSCM
implementation through imposing pro-CE laws, policies, and tax levies. Bressanelli et al. (2019) categorize challenges in supply chain
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Fig. 2. The distribution of industry sectors in the sample (N = 68).

redesign for the CE and discuss four cases in the washing machine industry. They construct a framework to match supply chain
redesign challenges with potential levers to overcome them. Farooque, Zhang, Thiirer, et al. (2019) provide a comprehensive review of
261 journal articles on integrating the CE concept into individual supply chain functions and/or the whole supply chain system. They
establish a definition of CSCM and advocate more studies in several important research directions. Likewise, Lahane et al. (2020) cover
125 journal articles on CSCM and discuss future research directions. These review papers analyze the latest CSCM research studies.
However, none of them have comprehensively reviewed real-life CSCM practices, so there is little knowledge on the research-practice
gap. Given the widespread criticism on the relevance gap in the management research (Tranfield & Denyer, 2004), this review paper
aims to address the following research question:

What are the gaps between the state-of-the-art practices and research in CSCM?

Following the example of Choi et al. (2018), this paper reviews both academic research and practical implementation cases. Fig. 1
outlines our comparative review' procedures. Specifically, for the academic research, we review well-established, high-ranking ac-
ademic journals on operations and supply chain management. Regarding the CSCM practical implementation, we comprehensively
analyze the real-life CE case studies collected by the Ellen MacArthur Foundation, which represent the best-in-class practices. Drawing
insights from comparing the best in research and in practice, this paper sheds unique insights on the multiple dimensions of CSCM and
research-practice gaps.

This comparative review paper makes the following contributions to the literature. First, it makes an original contribution by
establishing CSCM as a multi-dimensional concept. A multi-dimensional CSCM (MD-CSCM) framework is developed based on the
content analysis (Neuendorf, 2019) of reviewed case studies and academic literature. The framework establishes the relationships
between the multiple dimensions of CSCM. It is also used to categorize the review studies into multiple research themes. Second, our
comparative review offers fresh insights into the research-practice gaps. To the best of our knowledge, no prior study has systemat-
ically identified research-practice gaps in the emerging CSCM domain. Last but not the least, we discuss future research directions for
advancing supply chain circularity based on the pressing research needs.

The rest of this paper is organized as follows. Sections 2 and 3 review the state-of-the-art practices and research, respectively.
Section 4 identifies the research-practice gaps and discusses future research directions. Section 5 concludes the research.

1 The term “comparative review” is used because this review paper covers both practice and research, and compares them to identify the research-
practice gaps.
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Fig. 3. The distribution of product sectors in the sample (N = 68).
2. Review of the state-of-the-art practices

Below, we first review the state-of-the-art CE practices. Section 2.1 outlines the review methodology on the case sampling and
content analysis procedure. In Section 2.2, we present the case analysis results on the incentives of adopting the CE concept and
adoption benefits for firms. We also categorize the types of supply chain collaboration and circularity archetypes observed in the CE
implementation cases.

2.1. Review methodology

2.1.1. Case sampling

Our target population is the case studies collection of the Ellen MacArthur Foundation”. The Ellen MacArthur Foundation was
founded in 2010 for accelerating the CE transition (Ellen MacArthur Foundation, 2015). It has played a significant role in promoting
CE development in business, policies, and academia (Jabbour et al., 2018). Its published reports and data have been widely used in the
literature (Govindan & Hasanagic, 2018; Masi et al., 2018; Stewart & Niero, 2018). As of December 2020, its case studies collection
includes 89 cases with the most recent real-world CE initiatives at macro- and micro-levels, covering a wide range of companies,
industries, countries, and CE strategies.

In this review, we focus on CE implementation at the firm and/or supply chain level(s). We exclude cases that merely address
implementation at the municipal and national levels. This screening process results in a final sample of 68 CE business cases which are
briefly summarized in Appendix A. The sample covers many industry sectors, classified according to the International Standard In-
dustrial Classification (ISIC), as shown in Fig. 2. The top five industry sectors are manufacturing (26 cases; 39%), wholesale and retail
trade, repair of motor vehicles and motorcycles (9 cases; 13%), water supply, sewerage, waste management and remediation activities
(7 cases; 10%), administrative and support service activities (7 cases; 10%), and information and communication (4 cases; 6%). It is not
a surprise that the manufacturing sector has the greatest number of cases because manufacturers perform production and remanu-
facturing activities and often have control over product design and material reuse. Distribution channels, as represented by the cases
involving wholesale and retail trade and repair of motor vehicles and motorcycles, also make great contributions to supply chain
circularity. Several cases involve renting and leasing business models, which are categorized in the “administrative and support service
activities” industry.

As shown in Fig. 3, the top five product sectors are textile (12 cases; 18%), agri-food (12 cases; 18%), electronics/electrics (10 cases;
15%), automotive (8 cases; 12%), and personal and business equipment (6 cases; 9%). These product sectors generate a large amount
of waste or have a relatively high residual value for resource recovery. As such, there is a strong incentive in these product sectors to
implement the CE concept. Overall, Figs. 2 and 3 show that the CE concept has been implemented in a wide range of industries and
product sectors.

2.1.2. Content analysis procedure

We use a content analysis approach (Neuendorf, 2019) to analyze cases, focusing on supply chain aspects. To provide a systematic
framework for the current developments, we develop a list of key aspects after reading and re-reading the cases. These aspects include

2 Detailed information on the case studies is available at https://www.ellenmacarthurfoundation.org/case-studies.
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Fig. 4. The distribution of incentives.

Economic Benefits 56%
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Fig. 5. The distribution of benefit categories.

“Incentives”, “Benefits”, “Supply Chain Relationships”, and “Circularity Archetypes”. We code each sample case against these aspects
to produce an overall map of the CE practices. We then categorize the coding results under each key aspect by not only consulting the
literature but also utilizing an abductive approach, which combines deduction and induction (Saunders et al., 2019). The specific
categories under each key aspect are introduced in detail in the later sections.

We analyze each case to decide whether it falls into these specific categories, using a “mapping approach” suggested by Stewart and
Niero (2018). Our unit of analysis is an individual case. We use a “binomial variable” for each category across cases as in a quantitative
study (i.e., coded 1 for the cases which report a specific category). A case may be labeled with multiple categories under the same key
aspect. For example, a case may be coded 1 for “more resilient supply chains” (one specific category under the aspect of “Benefit”) and
1 for “better supply chain relationships” (another specific category under the aspect of “Benefit”) if both were reported. Therefore, a
case may be counted more than once in categorization. This coding approach allows us to map the overall distribution of the categories
within each key aspect and to note the correlation between key aspects with their specific categories.

2.2. Case analysis results

2.2.1. Incentives

Fig. 4 reports the distribution of incentives for adopting the CE concept in business practices. The top incentive is to explore the
retained value of waste or underutilized resources (72%). The circular model provides businesses with a new vision that wastes can be
exploited as resources. The increasing development of the CE infrastructure at the regional, industry, and supply chain levels (e.g.,
marketplaces of wastes and by-products) also stimulates businesses to recover value from wastes.

About 29% of cases show companies implementing the CE concept to reduce supply chain vulnerability. The incentive is twofold.
First, in a broad context, the depletion of finite natural resources raises concerns about raw material supply in the long run. Second,
supply chains are increasingly complex and geographically dispersed (Zhang et al., 2013) in the pursuit of low costs and efficiency.
Such developments increase supply chain risks in the event of operational disruptions and market uncertainties. A CE creates
restorative and regenerative cycles of resources in a circular flow. Such a circular model provides firms with an effective approach to
establish secure supply chains against, for example, price fluctuation, supply shortage, and resource depletion. The data show an
interesting fact that businesses are using CE as an operations strategy to reduce supply chain vulnerability, although its primary
contribution is in improving environmental performance.

Only 16% of cases show “addressing environmental concern and regulation changes” as an incentive. This suggests that although
the environmental benefits of CE are widely recognized, most businesses do not jump into an implementation simply for the sake of
environmental performance itself or for regulatory compliance. They are often pragmatic in their CE journey, starting an imple-
mentation where they can explore the retained value of waste or underutilized resources. Such a pragmatic approach is understandable
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as most businesses are for profit. However, it may impede their long-term progress in the CE journey when there is a conflict between
environmental and economic performance.

We find 12% of cases with an incentive of “improving social sustainability”. For example, firms intend to use the circular approach
to increase recycling and remanufacturing activities and thus create more local jobs (Braiform, 2017). The firms effectively use these
job opportunities to improve labor diversity (Rede Asta, 2017). Also, companies use circular information systems to support frag-
mented local farmers to improve individual prosperity (e-Choupal, 2017). The implications of a CE for social sustainability provide
additional insight on the role of CE in sustainable development.

2.2.2. Benefits

Fig. 5 reports the economic and operational benefits found in our sample cases. We intentionally omit CE’s contributions to
environmental performance as they have been widely discussed in the literature. In 53% of the examined cases, firms achieved
economic benefits, mainly from reduced material and energy usage, increased resource utilization, and lower disposal costs. Some
companies created new revenue sources by resale and by selling wastes and by-products. Interestingly, we find that businesses discover
more cost savings by remanuring/refurbishing/reusing than by recycling. In the electronics and electrical equipment sector, refur-
bished products generated six times more value than recycled ones (eStoks, 2017). In the case of printing paper, the reusage of the
paper by erasing the information rather than by traditional recycling would “provide cost savings without any upfront investment”
(REEP Technologies Ltd., 2017, para 6). It demonstrates that with careful design for reverse engineering and technological support,
“slowing resources loops” can be more cost-efficient than “closing resources loops” in business practices. Some cases show that CE
could help lower market entry barriers. The circular uses of resources at industry and supply chain levels (e.g., a sharing economy)
allow firms to conduct business without investing substantially in equipment. Consequently, it reduces the capital constraints and
market entry barriers, which are especially critical to small and medium-sized enterprises.

Approximately 41% of the cases show that companies have developed better supply chain relationships through CE practices. Our
data show two reasons for improved supply chain relationships. First, the development of the circular model opens new avenues for
supply chain collaborations. Reverse logistics and engineering requires supply chain partners to work together to restructure material
flows, design for disassembly, and share information for supply chain circularity. Our data show many manufacturers adopted the
“Product Service System” (PSS), where businesses shift their tenets from the delivery of physical products only to providing integrated
product-service offerings in the form of leasing or renting (Wang et al., 2020). Supply chain partners are more likely to create strategic
relationships through long-term and customized maintenance and disposal services in a PSS. The use of regenerative energy/sources
and restorative materials strengthens the continuity in resource supply and thus fosters trust between buying firms and their suppliers.
The circular system drastically extends the supply chain operations to a wider scope (e.g., end-of-life product management) than those
in a linear model, creating new opportunities to strengthen supply chain relationships. Material circularity also reduces purchasing
costs and enables shared benefits of CE in supply chains. The increasing use of recycled/remanufactured/refurbished products sub-
stantially saves manufacturing costs and reduces purchasing costs. The favorable purchasing prices, in turn, strengthens the
relationships.

We find that businesses develop supply chain resilience through CE practices (19% of cases). CE creates a more self-sustaining
production system (Genovese et al., 2017), which protects resource flows from price fluctuation, seasonality, and supply disrup-
tions. In addition to the risks of depleted virgin resources, the fast-changing market and external disruptive events (e.g., COVID-19
pandemic) impose a severe threat to supply chain stability. Our data show innovative uses of CE as an approach to develop supply
chain resilience, in addition to the traditional mechanisms (e.g., operational slack) as discussed in the literature.

2.2.3. Supply chain collaboration

Fig. 6 categorizes the forms and natures of supply chain collaboration for a CE. The dashed lines demarcate two broad groups of
collaborative relationships. The first group shows specific forms of supply chain collaborations. About 40% of them indicate supply
chain collaborations for business model and process innovation, specifically, for developing modularity, innovative recovery pro-
cesses, and PSS. Modularity is a traditional product design strategy (Cai and Choi, 2021), where modular products are designed for
cross-compatibility of components and thus allow for flexible substitutions (Krikke et al., 2004). Our data show businesses’ innovative
use of modularity for efficient disassembly, re-configuration, and re-engineering. Manufacturers often collaborate with suppliers from
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the early design stage. Retailers increasingly initiate cooperation with manufacturers in modularity, primarily to support a sharing
economy. Technology providers are an active party to support modularity by jointly redesigning with manufacturers or providing
sector standardization. They also work with manufacturers, service providers, and material suppliers to develop innovative recovery
processes (e.g., reuse in place of recycling).

We find that 31% of sample cases used collaboration to establish reverse logistics. In the management of product returns, man-
ufacturers and retailers collaborate to develop effective channels for collections and redistribution. For example, a textile manufacturer
develops a garment hanger solution across its supply chain, where retailers collect the hangers and send them back to the manu-
facturer’s reuse centers for repackaging, recycling, and redistribution (Braiform, 2017). Manufacturers also collaborate with their
material suppliers to improve the efficiency in collection and reprocessing. For instance, a packaging company that uses fully bio-based
materials cooperates with local composting firms. These composting companies benefit from the additional feedstock in exchange for a
commitment to collect the used containers from consumers (Ja Fui Mandioca, 2017). We also find that supply chain partners stra-
tegically integrate their operations to improve the efficiency and effectiveness of reverse logistics. For example, Coca-Cola established
two joint ventures with its plastic suppliers, focusing on increasing the regional collection rate and local reprocessing of the post-
consumer PET plastic (Coca-Cola Enterprises, 2017).

About 13% of the examined cases collaborate in industrial symbiosis, which goes beyond immediate supply chain members to
widening circular resource loops by enlarging partnerships. This means open-loop resource flows are created among businesses within
the same sector or across different sectors, which overcomes the limitation of closed-loop SCM to maximize value recovery (Farooque,
Zhang, Thiirer, et al., 2019). One mechanism is to create a business-to-business sharing economy. The sharing platform shifts the
existing vertical model to a horizontal model, which creates an additional relationship between industry peers to improve the capacity
of circularity (FLOOW2, 2017). Moreover, we find a high level of involvement of third parties in establishing the industry clusters,
including governments and logistics/technology service providers. The concern about direct competition is a major challenge in
forming a partnership between industry peers, such as in group purchasing (Chen & Roma, 2011). Governments are effective and
powerful stakeholders to manage conflicts of interest and motivate resource circularity. For example, the “Courtauld Commitment” is a
public—private partnership that supports “pre-competitive collaboration” of the grocery industry to tackle the packaging and food
waste in the United Kingdom (WRAP, 2017, para. 6). The British government invested and tasked a specialist organization to coor-
dinate grocery retailers and suppliers in waste reduction. In another example, “Kalundborg Symbiosis” is a local public—private
partnership in Demark, where public sector firms work with private partners to provide, share and reuse resources of energy, water,
and materials in industrial symbiosis (Kalundborg Symbiosis, 2017).

We also code “vertical collaboration” and “horizontal collaboration” to provide a comparative analysis of the nature of supply chain
collaboration. Our data show that businesses are more likely to establish vertical collaboration (41%) than horizontal collaboration
(12%) in CE practices. Vertical collaboration focuses on developing circular resource flows in buyer—supplier relationships within focal
companies’ supply chains. We find that vertical collaboration is mostly beyond the supply chain dyads. Focal companies commonly
cooperate with both downstream and upstream firms to optimize circular resource flows. Horizontal collaboration primarily takes
place in the form of secondary marketplaces. Buying firms gain additional procurement channels and cost savings in exchanges of
underutilized resources.

2.2.4. Circularity archetypes

Depending on how resources are looped back for reuse, circularity archetypes can be classified as closed-loop circularity and open-
loop circularity (Genovese et al., 2017; Farooque, Zhang, Thiirer, et al., 2019). Closed-loop circularity means returning after-use
products to their original supply chains for value recovery. It represents 72% of the cases in the sample, as reported in Fig. 7. In an
open-loop circularity archetype, various firms across different supply chains collaborate to maximize resource circularity (Genovese
et al., 2017; Farooque, Zhang, Thiirer, et al., 2019). Open-loop circularity archetype accounts for 28% of the cases in the sample. For
example, while HP collaborates with its supplier, Flex, on reverse logistics and remanufacturing of discarded electronic equipment,
both companies feed local supply chains the remainder of materials (e.g., metals) which cannot be put back into HP products (HP Brazil
& Sinctronics, 2017).
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Table 2

Literature search keywords and initial search results.
No. Keywords including their derivatives Scopus (selected journals) After removing duplicates
1 Circular Economy 8 8
2 Closed-loop supply chain (117), closed-loop (179), clos* and loop (186) 484 184
3 Circular supply chain* (8), circular and supply chain (8), circular* and supply chain (0) 16 5
4 Supply chain AND Restor* 16 14
5 Supply chain AND Regenrat* 1 1
6 Supply chain AND Reus* 32 20
7 Supply chain AND Recycl* 39 19
8 Supply chain and Remanufact* 83 22
9 Supply chain AND Refurbish 1 1
10 Supply chain AND Recover 23 18
11 Reverse logistics 101 72
12 Supply chain AND Waste 57 30
13 Supply chain AND Zero-waste (0), zero waste (2) 2 2
Total articles retrieved 865 396

Sources: Farooque, Zhang, Thiirer, et al. (2019); Authors.
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Circularity archetype can also be categorized by the nature of the involved processes: a restorative cycle is required for technical
materials (e.g., metal and plastics), while a regenerative cycle is for biological materials (e.g., food waste). A restorative cycle rep-
resents 76% of the sampled cases, while the other 24% involves a regenerative cycle. This is not a surprise given that most products in
the market use technical materials, which need reuse, repair, refurbishment, remanufacturing, and/or recycling to achieve resource
circularity. In the case of regenerating biological materials, we find that businesses primarily focus on composting in the agri-food and
packaging sectors. It is also observed that technology and logistics service providers play a significant role in exploring the regen-
erability of resources.

3. Review of the state-of-the-art research

In this section, we review the state-of-the-art research on CE in SCM. Section 3.1 explains the structured literature review meth-
odology. In Section 3.2, we first present a descriptive analysis of the literature review results, and then develop a framework to
synthesize the knowledge covered in the comparative review. After that, we summarize the findings in the eight research themes as
identified in the academic literature.

3.1. Literature review methodology

We conducted a structured search via Scopus using a list of keywords (Table 2) which are implicitly or explicitly related to supply
chain circularity and resource recovery from waste. Our literature search focuses on well-established, high-ranking operations and
supply chain journals that are featured in the SCM Journal List (http://www.scmlist.com), Chartered Association of Business Schools’
academic journal guide (ranked 4*/4 only), or Australian Business Dean Council’s journal quality list (ranked A* only). The search was
restricted to “Articles” published till 2020. Overall, this step retrieved 865 publications. After removing duplicates, 396 articles
remained in the sample.
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A. Zhang et al. Transportation Research Part E 155 (2021) 102509

Table 3

Distribution of articles by selected journals.
Journal Name No. of papers Percentage
European Journal of Operational Research (EJOR) 53 42.74%
Transportation Research Part E: Logistics and Transportation Review (TRE) 28 22.58%
Production and Operations Management (POM) 16 12.90%
Journal of Operations Management (JOM) 8 6.45%
International Journal of Operations and Production Management (IJOPM) 5 4.03%
Management Science (MS) 5 4.03%
Decision Sciences (DS) 3 2.42%
Journal of Business Logistics (JBL) 2 1.61%
Journal of Supply Chain Management (JSCM) 1 0.81%
Manufacturing and Service Operations Management (MSOM) 2 1.61%
Operations Research (OR) 1 0.81%
Total 124 100.00%
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Fig. 9. Distribution of articles by country.

A screening by abstract, keywords, and full text (where appropriate) was performed with an objective of retaining the most relevant
articles that cover aspects of CE in a SCM context. Articles on traditional concepts, such as “green supply chain management” (Li et al.,
2020) which do not specifically focus on supply chain circularity, were not included in the final sample. Following this screening
process, we retain 124 articles, which were then subjected to a descriptive and content analysis, following the guidelines by Seuring
and Gold (2012).

3.2. Literature review results

3.2.1. Descriptive analysis

Fig. 8 presents the distribution of articles with respect to their publication years. It is evident that early studies around supply chain
circularity and/or its associated research themes started almost two decades ago. Overall, the distribution suggests a continuing
growth in the field and increasing research interest in recent years with a clear spike in the last two years.

Table 3 presents the distribution of reviewed articles across selected journals. EJOR (53) has published the highest number of
relevant articles, followed by TRE (28) and POM (16). These three journals represent approximately 78% of the total articles included
in the review.

The review results suggest that a vast majority of reviewed articles are modeling-based works (106 articles; 85%) while only a small
percentage of articles use empirical (11 articles; approx. 9%) and conceptual/theoretical (7 articles; approx. 6%) methods. Given the
methodological preferences of the selected journals, we expected that most reviewed papers would be modeling-based work. However,
it is still a surprise to see the extent of underrepresentation of empirical work.

Fig. 9 presents the distribution of the number of articles by the countries where the research was conducted. Clearly, the United
States of America (USA) tops the list of individual countries leading the CSCM research. However, Europe as a region (including
publications mentioning Europe only besides specific countries such as the United Kingdom, Germany, Greece, Portugal, the
Netherlands, etc.) surpasses the United States. China also plays an important role in the research domain. More than half of the
reviewed articles do not specify a research context mainly because they are modeling-based work and do not report real-life
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applications.
The industry-wide distribution of the reviewed articles is presented in Fig. 10. The results indicate that manufacturing (57) has been

the most prominent industrial context of the reviewed studies. Other noticeable sectors include water supply, sewerage, waste
management and remediation activities (15), wholesale and retail trade and repair of motor vehicles and motorcycles (8). Many
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reviewed articles did not specify an industrial context.

Fig. 11 illustrates the distribution of articles by their relevant product sectors. Of the articles that specify a product sector context,
electronics/electrical (39) receives the most attention, followed by automotive and aviation, chemicals and biofuel, and personal,
business and industrial equipment.

3.2.2. Multi-dimensional CSCM framework

We follow the same content analysis approach (Neuendorf, 2019) as described in Section 2 to analyze each academic article
included in the sample. Based on a synthesis of knowledge in the reviewed case studies and academic publications, we develop a multi-
dimensional CSCM (MD-CSCM) framework, as shown in Fig. 12. The framework includes eight research themes that emerge from the
content analysis and depicts the relationships between the related concepts. Each research theme includes a range of specific topics
that are closely related to each other within the research theme. Five research themes are at the center of the framework, which
correspond to the five dimensions of CSCM identified in the review; namely, closed-loop SCM, reverse SCM, remanufacturing SCM,
recycling SCM, and industrial symbiosis. Each CSCM dimension has its distinctive pattern of resource flows for achieving resource
circularity within and across supply chains. The framework also includes “legislations and policies” as a key driver of CSCM, and
“technologies and information” and “supply chain collaboration” as two enablers. They jointly facilitate the multiple dimensions of
CSCM to advance supply chain circularity toward a zero-waste vision.

The forward SCM has been the focus of traditional SCM research and practice, covering activities in a linear direction, i.e., from raw
materials acquisition, inbound logistics, production, distribution, retail, to consumption. In contrast, the reverse SCM focuses on the
management of reverse logistics and value recovery activities from commercial returns, end-of-use products, and end-of-life products
(Guide & Van Wassenhove, 2009). Forward SCM and reverse SCM are represented by forward and reverse arrows, respectively, in
Fig. 12. Obviously, CSCM, along with its dimensions of closed-loop SCM, remanufacturing SCM, recycling SCM, and industrial sym-
biosis, must integrate forward SCM and reverse SCM to realize supply chain circularity.

As mentioned in the review of the case studies in Section 2, circularity archetypes can be classified as closed-loop circularity and
open-loop circularity depending on how resources are looped back for reuse. Supply chain circularity can be achieved by either closed-
loop circularity or open-loop circularity, or a combination of both (Genovese et al., 2017; Farooque, Zhang, Thiirer, et al., 2019).
Closed-loop SCM recovers product values by reuse, repair, reconditioning, remanufacturing, recovering parts, and recycling materials
(Guide & Van Wassenhove, 2009; Ellen MacArthur Foundation, 2013). However, the extent of value recovery in closed-loop SCM is
often limited as it may not be realistic to reuse all materials embedded in the returns in the same supply chains (Farooque, Zhang,
Thiirer, et al., 2019). Therefore, there is a need to consider open-loop circularity, i.e., to go beyond the producer’s original supply
chains, to recover values across different supply chains with collaborating firms in the same sector or even in other sectors. For
example, industrial symbiosis facilitates waste-to-resource exchanges of materials, energy, water, and/or by-products among orga-
nizations that are often in close proximity and which work in long-term partnerships (Bansal & Mcknight, 2009; Lombardi & Laybourn,
2012). With the additional open-loop circularity, CSCM offers greater scope and more opportunities for value recovery than the
traditional closed-loop SCM (Bansal & Mcknight, 2009; Genovese et al., 2017; Farooque, Zhang, Thiirer, et al., 2019). Therefore, it has
a great potential for advancing supply chain circularity.

Remanufacturing SCM largely overlaps with closed-loop SCM because many, but not all, remanufacturing supply chains are closed-
loop supply chains. The circularity archetype of a remanufacturing supply chain can be either closed-loop circularity or open-loop
circularity or a combination of both. If a producer handles all remanufacturing activities in-house, the resulting remanufacturing
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Fig. 13. Distribution of the articles by research theme.

supply chain is a closed-loop supply chain. If all remanufacturing activities are processed by one or more remanufacturers in the same
sector, the resulting remanufacturing supply chain’s circularity archetype changes to open-loop circularity. In cases where the original
producer only remanufactures part of the returns, both circularity archetypes are present in the resulting remanufacturing supply
chains.

Recycling SCM has some, but limited, overlaps with closed-loop SCM. This is because the recycling of many common materials is
often not organized by the original supply chain members. Such a recycling supply chain is not a closed-loop supply chain. Never-
theless, some materials recycling activities do take place in closed-loop supply chains.

In alignment with the aforementioned key components of the MD-CSCM framework, we classify the reviewed articles into eight
research themes, as summarized in Fig. 13. For an article that is related to more than one research theme, for example, both closed-loop
SCM and remanufacturing SCM, it is categorized into its primary research theme. The following section analyzes each of these research
themes and identifies its key contributions to the CSCM research domain.

3.2.3. Research themes

3.2.3.1. Closed-loop SCM. The closed-loop SCM concept has received considerable attention both in academia and practice for over
20 years (Van Wassenhove, 2019). It is defined as “the design, control, and operation of a system to maximize value creation over the
entire life cycle of a product with dynamic recovery of value from different types and volumes of returns over time” (Guide & Van
Wassenhove, 2009, p. 10). In closed-loop supply chains, products would have several useful lives, with remanufacturing steps in
between, before being discarded and/or recycled (Guide & Van Wassenhove, 2003). Interested readers may refer to Guide and Van
Wassenhove (2009) for an overview on the evolution of closed-loop SCM research. Nowadays, closed-loop SCM is seen in line with the
CE philosophy (Fu & Meng, 2020; Ponte et al., 2019; Van Wassenhove, 2019) and constitutes an important part of CSCM (Farooque,
Zhang, Thiirer, et al., 2019; Genovese et al., 2017).

At the strategic level, the implementation of closed-loop SCM requires setting up appropriate logistics infrastructure to support its
operations (Fleischmann et al., 2001). In this regard, the design of closed-loop supply chain networks, a crucial strategic decision, has
attracted substantial scholarly attention. Past research has provided examples on the “generic” network design for closed-loop supply
chains, see Yang et al. (2009) and Tao et al. (2020), as well as network design for specific product types such as aircrafts, automobiles,
and large household appliances with different quality (Jeihoonian et al., 2016). The reverse flow of products in closed-loop networks
induces greater levels of uncertainties at all levels of supply chain decisions compared to that of the forward flow. Consequently,
researchers have made several attempts (Vahdani et al., 2012; Keyvanshokooh et al., 2016; Chan et al., 2018; Fu and Meng, 2020) to
model uncertainties in closed-loop supply chains.

Note that Ozceylan et al. (2014) argue that for strategic decisions, such as closed-loop supply chain network design, supply chain
agents must also identify and integrate tactical and operations decisions to minimize the total cost or maximize the overall value
generated. The extant literature has investigated integrated decision making in long-term capacity planning (Georgiadis and Atha-
nasiou, 2013), inventory replenishing and capacity planning (Huynh et al., 2016), product architecture modularity (Kristianto & Helo,
2014), engineering design choices (i.e., integral versus modular design) and their implications on procurement and supplier
competition (Aydinliyim & Murthy, 2016), and balancing disassembly lines (Ozceylan et al., 2014).

Closed-loop supply chain operations may be viewed with a focus on the type of returns or recovery activities (Guide & Van
Wassenhove, 2009). Product returns may occur for a variety of reasons over the product life cycle, including commercial returns,
repair and warranty returns, end-of-use returns, and end-of-life returns (Guide & Van Wassenhove, 2006, 2009). Product recovery
activities include acquisition management of used products (Cai and Choi, 2021), reverse logistics, product disposition,
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remanufacturing/repair, and remarketing (Guide & Van Wassenhove, 2003). Broadly, the extant literature considers two modes for the
collection of used products from customers. These include: 1) direct collection by the manufacturer (or its supplier); 2) collection by a
retailer or a third party (either coopetitive or competitive). In decentralized channel structures, providing appropriate incentives to
retailers to induce used product collection is considered as the best option for original equipment manufacturers (OEMs) (Savaskan
et al., 2004). Moreover, for the sake of convenience, manufacturers typically outsource the end-of-use product collection to retailers if
they show equal levels of environmental and operational performances (De Giovanni and Zaccour, 2014).

However, the competition in the reverse channels of closed-loop supply chains is getting fierce because of the high salvage value of
the end-of-use products (He et al., 2019). In general, manufacturers lack motivation for recovery operations such as remanufacturing
due to their concerns related to cost (e.g., higher transportation and inventory costs) and brand image protection (Hong et al., 2017).
This gives third-party remanufacturers an opportunity to become involved in remanufacturing which inevitably brings a competitive
threat to the new products (Chen & Chang, 2012). In order to counter third-party competition, technology licensing by manufacturers
using licensing strategies (fixed fee versus royalty licensing) offers a viable solution (Hong et al., 2017). Moreover, effective coordi-
nation via contract mechanism can also achieve optimal recovery efficiency in the closed-loop supply chain with competitive col-
lections (He et al., 2019). On the other extreme, Ramani and De Giovanni (2017) present a model of an atypical closed-loop supply
chain which is consistent with the Dell Reconnect project, where a manufacturer (Dell) sells new products and faces competition from a
goodwill agency that acts a collector and sells used products. The study concludes that when a high “product resale value” option
exists, the manufacturer should always collect through a goodwill agency.

3.2.3.2. Reverse SCM. Reverse SCM is defined as “the effective and efficient management of the series of activities required to retrieve
a product from a customer and either dispose of it or recover value” (Prahinski & Kocabasoglu, 2006, p. 519). Reverse activities and
reverse flows occur mainly due to commercial returns, warranty replacements, leased equipment renewals (Akcali et al., 2009), or
return of reusable articles (Vanga & Venkateswaran, 2020). Reverse activities include collection, inspection, sorting, disassembly,
reprocessing/recycling, and disposal operations (Akcali et al., 2009), whereas reverse flows start from customers and end in factory/
recovery plants (Salema et al., 2010).

Several studies focus on network design decisions in the reverse channel. Interested readers may refer to Guide et al. (2006), Salema
etal. (2010), and Alumur et al. (2012) for the important factors and principles for generic reverse supply chain network designs. On the
other hand, industry-specific examples include designing a paper recycling network (Schweiger & Sahamie, 2013), end-of-lease
computer products (Lee & Dong, 2008), and the warranty distribution network of a semiconductor company (Ashayeri et al.,
2015). Reverse SCM decisions are also subject to uncertainties. First and foremost, the quality of returned products is usually uncertain,
which inevitably affects the profitability of product recovery operations (Zikopoulos & Tagaras, 2007; Qin and Ji, 2010).

Similar to that of closed-loop SCM, retailer-managed collections remain a preferred reverse channel choice in various settings
(Atasu et al., 2013; Savaskan & Van Wassenhove, 2006; Wu & Zhou, 2017), resulting in higher profitability through cost reduction and
higher product recovery rates (Stock & Mulki, 2009). However, an increased volume of consumer returns presents significant chal-
lenges (Frei et al., 2020; Shang et al., 2020) in inventory management and control (Zolfagharinia et al., 2014), production planning
(Niknejad & Petrovic, 2014), and vehicle routing (Qiu et al., 2018). Stock and Mulki (2009) emphasize the use of customer education
programs that focus on training customers in the proper operation and use of the product in a bid to avoid unnecessary returns, which
can be as high as 50% of the total returns in certain sectors such as consumer electronics. Alternative solutions, such as revenue sharing
contracts among reverse supply chain members (Govindan & Popiuc, 2014) and trade-in pricing framework (Zhu et al., 2016), have
also been proposed in the existing literature.

3.2.3.3. Legislations and policies. The issues and challenges related to resource scarcity and climate change have induced governments
around the world to introduce various legislative, regulatory, policy, and strategic measures to improve social and environmental
sustainability. Among them, the Circular Economy Directive (European Commission, 2020) of the European Union (EU) represents the
most recent and the most comprehensive package, which not only encourages material circularity through recycling and remanu-
facturing operations but also prioritizes product reuse as the preferred activity for material recovery (Mazahir et al., 2019; Van
Wassenhove, 2019). In general, the take-back laws require firms to take responsibility for the collection/disposal costs of their products
(Webster & Mitra, 2007). The EU Waste Electrical and Electronic Equipment (WEEE) Directive legislates the creation of take-back
systems where consumers can return their WEEE free of charge (Directive, 2012). The WEEE Directive holds the OEMs responsible
for the collection, recovery, and disposal of end-of-life products (Mazahir et al., 2019). In many countries, the take-back law has been
implemented in the form of Extended Producers Responsibility (EPR) regulation (Jacobs & Subramanian, 2012; Zuidwijk & Krikke,
2008). EPR is defined as an environmental policy approach in which a producer’s responsibility for a product is extended to the post-
consumer stage of a product’s life cycle (OECD, 2021).

All these CE-related laws and regulations have stimulated the development of closed-loop supply chains (Georgiadis & Vlachos, 2004).
Taking-back and selling remanufactured/refurbished products offer competitive advantages to manufacturers as their sales and profits in-
crease substantially (Heese et al., 2005). However, effective implementation of take-back/EPR programs (Cai and Choi, 2021) at the firm and
supply chain levels needs to consider certain strategic and operational decisions related to product recovery strategy (Zuidwijk & Krikke,
2008). At the strategic level, a manufacturer’s product design decisions need to reflect life-cycle considerations while also maintaining their
profitability (Subramanian et al., 2009; Zuidwijk & Krikke, 2008). Examples include product eco-design (Zuidwijk & Krikke, 2008; Xiao &
Choi, 2020; Cai and Choi, 2021) and installed base management, i.e., product lease bundled with repair and maintenance services (Bhatta-
charyaetal., 2019). In contrast, the operational level decision must consider the extent of disassembly and the type of recovery operation to be
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applied to the product and/or its components (Zuidwijk & Krikke, 2008). At the individual manufacturer’s level, coordination between the
manufacturer and customers through effective contracts is seen as a potential solution (Subramanian et al., 2009). Joint sharing of product
recovery responsibility among supply chain parties can improve the overall supply chain profitability (i.e., economic and environmental
benefits) as well as social welfare (Jacobs & Subramanian, 2012).

More recently, buyback and trade-in programs (Cao & Choi 2021; Dou & Choi 2021; Tang et al., 2020; Xiao et al., 2020; Xiao, 2017)
have been introduced to take back used products from end-users (i.e., customers) for product and material recovery in response to take-
back legislations (Cole et al., 2017). A buyback policy offers cash for a return, and a trade-in policy offers a discount to customers who
seek to replace their old generation products with new ones (Cole et al., 2017; Shin et al., 2020; Mahmoudzadeh, 2020). Both buyback
and trade-in programs provide firms with remanufacturing and refurbishing related benefits (Cole et al., 2017; Shin et al., 2020). Some
products may also be sold in the second hand market (Guo et al., 2021). However, there is a potential cannibalization effect that occurs
between new and remanufactured products which needs to be resolved by considering the optimal pricing, customers’ maximum
willingness to pay in the secondary market, and the production cost (Li et al., 2019).

Emissions trading regulations seek to reduce greenhouse gas emissions by imposing restrictions on emissions through the com-
bination of government and market regulations (Yang et al., 2020). In 2005, the EU emissions trading system (EU ETS) was introduced
as the world’s first international emissions trading system. The EU ETS works on the “cap and trade” principle. A cap is set on the total
amount of certain greenhouse gases that can be emitted by installations covered by the system. Within the cap, companies receive or
buy emission allowances, which they can trade with one another as needed (European Commission, 2021).

Under stringent emissions regulations, it is vital for firms to pay attention to managing greenhouse gas emissions. Remanufacturing is
highly regarded in the extant literature as an important means in the abatement of carbon emissions from the production process (Yang
etal., 2020; Yenipazarli, 2016). Under the cap and trade regulation, the used products collection decision for remanufacturing (i.e., the
collection by the manufacturer versus the retailer or the third party) will solely be made based on the party’s unit carbon emission rather
than the manufacturer’s profit (Yang et al., 2020). We note that De and Giri (2020) propose models for reducing the total transportation
cost with the consideration of carbon emissions in the closed-loop supply chain under the emissions regulation, such as cap and trade.

Lastly, subsidy policies either directly provide a financial incentive for the manufacturer to engage in product or material recovery
such as remanufacturing or to induce customers to buy remanufactured products instead of new ones (Zhang et al., 2020). For example,
in 2009, the Chinese government announced a subsidy scheme for home appliance replacements (Ma et al., 2013).

3.2.3.4. Remanufacturing SCM. Remanufacturing the returned products so that they perform as well as their new versions constitutes a
higher form of recovery (Chen et al., 2015). In the past decades, remanufacturing has attracted substantial attention from researchers
and practitioners (Yang et al., 2020). Extant literature reports remanufacturing closed-loop supply chains and independent third-party
remanufacturing as the two major routes supporting remanufacturing operations (Martin et al., 2010). In remanufacturing closed-loop
supply chains, a manufacturer (often an OEM) engages in remanufacturing itself or outsources to a third-party remanufacturer (Aras
et al., 2006; Huang & Wang, 2017; Yang et al., 2020). In particular, when OEMs lack the remanufacturing motivation and/or capa-
bilities, it creates opportunities for an independent third-party remanufacturer whose primary business is to remanufacture the end-of-
use products of the major OEMs within a given industry (Chen & Chang, 2012). To deter competition from independent third-party
remanufacturers, some OEMs adopt prohibitive pricing of the proprietary spare parts (Kleber, Neto, et al., 2020) or intentionally
design the products to be non-remanufacturable (Shi et al., 2020).

Remanufacturing is generally regarded as a profitable business, which does, however, require some important considerations at the
strategic level. First, remanufacturing should always benefit an integrated manufacturer once the remanufacturing cost is sufficiently
low to overcome the negative cannibalization effect (Xiong et al., 2013). Second, the centralization of manufacturing and remanu-
facturing operations greatly influences manufacturing design decisions and profitability (Shi et al., 2020). Third, for non-integrated
manufacturers or component suppliers, remanufacturing may constitute a lose-lose situation, making their profits lower than if
remanufacturing was not implemented (Xiong et al., 2013). For OEMs, the potential cannibalization effect induced by remanufactured
products on new product sales and uncertainties about the volume and quality of returned products remain the major challenges
deterring the in-house remanufacturing capability development (Chen et al., 2015). In this regard, several attempts have been made to
develop forecasting approaches that enable firms to make better and more accurate predictions; see Tsiliyannis (2018), Clottey et al.
(2012), and Goltsos et al. (2019) for forecasting models for remanufacturing operations. Similarly, practice-oriented approaches such
as seeding — selling new products as remanufactured at the start of a new product’s life-cycle — have been reported in the extant
literature, providing benefits to OEMs in terms of increased core recovery quantities, enabling the efficient remanufacturing earlier,
and enhancing OEMs’ ability to fulfill demands for remanufactured products throughout the product’s life-cycle (Abbey et al., 2019).

3.2.3.5. Supply chain collaboration. The extant literature strongly advocates coordination and cooperation among supply chain
members for material circularity. By cooperating, reverse supply chain members can collectively enhance their competitiveness and
performance (Sheu & Gao, 2014). The need to coordinate manufacturing and remanufacturing operations simultaneously has been
increasingly recognized by firms (Aras et al., 2006; Xiong et al., 2013). Effective coordination in closed-loop supply chains is seen to
benefit all members (De Giovanni et al., 2016; Zheng et al., 2019). Examples of cooperation include technology licensing and the R&D
joint venture mechanisms between OEMs and independent remanufacturers (Wu & Kao, 2018), and cooperation between manufac-
turers and reverse logistics service providers for waste recycling and resource-sharing activities (Sheu & Gao, 2014).

Problems may arise when members in closed-loop supply chains have non-aligned objectives (Souza, 2013), leading to competition
among supply chain members for recovery operations and sales in the secondary market (Borenich et al., 2020; Kleber, Reimann, et al.,
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2020). De Giovanni (2018) suggests joint maximization to align the motivation of firms to close the material loops so as to achieve a
triple bottom line.

3.2.3.6. Technologies and information. Value of information focuses on how information can be used to improve performance in supply
chains where product returns and reuse cause a great deal of uncertainty with respect to demand, product return, product recovery
(Ketzenberg et al., 2006), and capacity utilization (Ketzenberg, 2009). Hosoda et al. (2015) find that closed-loop supply chains with
advance notice of product return not only reduce inventory variance but also can avoid the lead time paradox and the fundamental
trade-off between the volume of return and dynamic supply chain performance. Huang and Wang (2017) compare manufacturer
remanufacturing with supplier remanufacturing under four information-sharing scenarios, ranging from no information sharing to full
information sharing. They find that information sharing benefits both the supplier and the manufacturer, while it is detrimental to the
retailer due to the double marginalization effect.

A decision support system (DSS) aids firms and businesses in decision-making processes that involve determinations, judgments, and
courses of action (Investopedia, 2020). The proper deployment of DSSs has shown improvements in productivity and competitiveness in
reverse supply chains (Repoussis et al., 2009). Similarly, Koh et al. (2017) establish a circular framework for supply chain resource
sustainability and provide a decision-support methodology for assessing resource sustainability against its foundational premises.

In recent years, internet-based platforms have enabled buyers and sellers to connect with each other conveniently. Examples
include online material and waste exchanges such as MNExchange.org (Dhanorkar et al., 2015) and online matching platforms such as
Craigslist, FreeCycle and Gumtree (Dhanorkar, 2019). Using such platforms, sellers of surplus materials can post items for sale (Cai
et al., 2020), and buyers can contact sellers directly to obtain additional information before making a possible transaction (Dhanorkar
et al., 2015). This not only promotes reuse behavior in general, it also helps in limiting reliance on recycling and other disposal al-
ternatives (Dhanorkar, 2019).

3.2.3.7. Recycling SCM. Recycling probably has the longest history among all types of value recovery options. Recycling of common
materials found in municipal solid waste (i.e., paper, plastic, metals, and glass) is considered as the most desirable (environmentally
and/or financially) recovery option (Cui & Sosic, 2019). At present, recycling the material content of returns is a more prevalent form
of value recovery than refurbishing and remanufacturing (Chen et al., 2015). It has been advocated as a strategic supply source (Raz &
Souza, 2018). Scavenging (informal waste recycling activities), which is often regarded as detrimental to the formal waste recovery
system, can be beneficial to economic, environmental, and social sustainability if it is legislated appropriately (Besiou et al., 2012).
Esenduran et al. (2020) suggest that a recycler’s preference over two certification standards, namely, “e-Stewards” and “Responsible
Recycling”, may change depending on competition in recovery channels and waste processing scale economies.

3.2.3.8. Industrial symbiosis. Compared to conventional supply chains where waste reduction efforts occur mainly at the firm and
supply chain levels, industrial symbiosis emphasizes reuse, recycling, and reprocessing by-products and intermediates within the
entire ecosystem of firms within and outside the original supply chain (Bansal & Mcknight, 2009). Although industrial symbiosis has a
higher potential to advance supply chain sustainability and circularity to a larger scope, it receives little attention in the existing
literature.

4. Research-practice gaps and future research directions
4.1. Research-practice gaps

Due to the nature of non-probability case sampling, it is not valid to apply statistical inference on the case analysis results for
generalization. However, the case studies collection of the Ellen MacArthur Foundation does depict a big picture of the state-of-the-art
CE implementations in practice. Our comparisons of the reviewed research and real-life practices reveal the following noticeable
research-practice gaps.

Research-practice gap #1: An overwhelming majority (85%) of research studies published in the sampled journals are mathe-
matical modeling works. Empirical and conceptual/theoretical works are seriously underrepresented. Furthermore, most modeling
studies have no reference to specific industry/product contexts or real-life applications. There is an obvious disconnect between ac-
ademic research and practice. Given that the pathways to circularity highly depend on a product’s material composition and supply
chain contexts, such omissions of contexts are likely to undermine the validity and relevance of the modeling results.

Research-practice gap #2: The closed-loop dimension of CSCM has been recognized and studied by academic researchers. The
importance of industrial symbiosis in a CE has been acknowledged (Bansal & Mcknight, 2009), and the efficacy of using the open-loop
circularity archetype has been reported in many real-life cases. However, supply chain researchers have not conducted much research
on industrial symbiosis and its associated open-loop circularity archetype, which cover a much wider scope and have greater potential
for improving circularity. Consequently, research on CSCM has rarely touched cross-sector collaboration, which is a key characteristic
of industrial symbiosis in practice.

Research-practice gap #3: The review of practices shows the CE concept has been implemented in a very wide range of industry
sectors. However, academic research has covered comparatively fewer industry sectors and are mainly focused on manufacturing,
water supply, sewerage, waste management and remediation activities, and wholesale and retail trade and repair of motor vehicles and
motorcycles. We need more studies on the primary industry sectors (for example, agriculture, fishing, forestry, and mining) and some
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service sectors (such as renting and leasing and financial and insurance services). In practice, these industry sectors are also important
stakeholders in a CE. For instance, food waste in agriculture can be used for composting and/or producing biogas. In Nike, pineapple
leaves are processed and used to produce sneakers®. Renting and leasing services enable a sharing economy, which is often practiced in
synergy with a CE (Choi et al., 2020).

Research-practice gap #4: Most studies have concentrated on specific product sectors such as electronics/electrical, automotive
and aviation, chemicals and biofuels, and personal, business and industrial equipment. There is no doubt that these products deserve
attention because they are of high value and/or may cause great harm to the environment if not properly disposed of after use.
Nevertheless, this cannot justify the negligence of other product sectors which are making great efforts toward a CE as shown in our
case sample, including agri-food, textile and fashion, and wood and furniture. In connection with this negligence, there is little research
on the management of regenerative cycles for biological materials, although their importance in comparison with the restorative cycles
for technical materials in a CE is almost equal.

Research-practice gap #5: Academic research has mainly addressed the primary concerns about environmental and economic
performance in a CE, but it has not dealt extensively with the implications of CE for social sustainability and supply chain resilience.
Our sample of cases suggests that a considerable number of organizations implement the CE practice to create local employment
opportunities and to increase diversity in the labor force. Another major incentive is to secure supply sources and to reduce risks from
supply chain disruptions (Raz & Souza, 2018).

4.2. Future research directions

Supply chain research has made great strides in the field of resource circularity. In fact, research in the closed-loop SCM started
about two decades ago, even before the CE concept became widely known. Nevertheless, the journey ahead to a CE is going to be a
marathon, and further research efforts are required in the quest for supply chain circularity. Based on the research-practice gaps
identified above and ongoing research needs, we call for supply chain research in the following directions.

1) Empirically-driven research: To narrow the research-practice gaps, we urge more empirical research and/or mathematical
modeling work that is driven by real-life practice. Such research is more likely to generate insights and guidelines for industry
practitioners and government agencies to further advance a CE operation. For example, case studies of circular business models and
technological solutions and survey studies can shed light on the relationships between variables for theory building and testing.
Context-specific studies: Pathways to circularity are dependent on the technical attributes of products and their embedded
materials, as well as the industrial and regional contexts in which the supply chains operate. Therefore, it is necessary to give due
attention to contexts, which is absent in most modeling work in the extant literature. In particular, more research can be conducted
in the context of primary and service industries. More attention also needs to be given to the product sectors that mainly use
biological materials. Their value recovery operations involve a regenerative cycle, which has not gained much attention in the
supply chain management field. We also note that most developing countries are lagging in their CE endeavors. Further research is
needed to understand their challenges which can be quite different from those in the developed countries.

Industrial Symbiosis: Studies on closed-loop, remanufacturing, and reverse SCM dominate the extant literature on supply chain circu-
larity. With an open-loop circularity archetype, industrial symbiosis has been proven in practice to be highly effective for achieving sus-
tainable development goals, but it has received little attention from supply chain researchers. It deserves more attention as it offers greater
scope and more opportunities for value recovery than what can be achieved in a product’s original supply chain. Supply chain researchers
should consider cross-disciplinary research with experts in industrial ecology for improving resource circularity.

Product circularity metrics and assessment: To understand and effectively manage the progress toward a CE, it is essential to
develop appropriate circularity metrics at the product and supply chain levels. Such a task is extremely challenging due to a very
wide range of products and materials being involved in highly complex and dynamic global supply chains. Supply chain researchers
would benefit from multidisciplinary collaboration with researchers in environmental engineering and management, especially
those specialized in life cycle assessment. This may ask for the adoption of multiple methods in conducting the related analyses
(Choi et al., 2016). Researchers also need to co-operate with governments, practitioners, and technology providers to develop
metrics and innovative solutions for product circularity assessment.

Performance implications of CSCM: The environmental benefits of CSCM have been widely acknowledged. In terms of economic
performance, Zhu et al. (2010, 2011) suggest financial benefits, while Genovese et al. (2017) and Nasir et al. (2017) believe it may
be economically challenging. More studies are required to draw a conclusion on the economic viability of CSCM. Furthermore,
researchers need to conduct large-scale empirical investigations on the interplays between supply chain circularity, resilience, and
social sustainability to validate the findings of some case studies.

“Soft sides” of CSCM: Much of the extant literature focuses on the “hard” aspects of CSCM, including supply chain design, pro-
cesses, returns forecasting, and technological platforms. There is a need to dive deep into the “soft sides” of CSCM, including supply
chain relationships, incentives, coordination, integration, collaboration, and co-opetition. For example, cross-sector collaboration
plays a crucial role in industrial symbiosis, but it has been practically ignored by supply chain researchers. For future studies that
focus on the “soft sides” of CSCM, it may be necessary to consider a variety of units of analysis, including a functional department, a
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firm, a buyer-supplier dyad, and a complete supply chain system. Depending on the unit of analysis, the concerned decision-
making dynamics may vary. Therefore, different research and modeling approaches may be required.

7) CSCM drivers, barriers, and enablers: Extended producer reliability and take-back legislations have been key drivers to a CE in
some developed countries. In response, many manufacturers and retailers have actively started to manage returns, which, in turn,
have been studied by some researchers. However, more work is required to investigate the drivers to CSCM, especially in the
context of developing countries which often have a weak legal infrastructure. It is equally, if not more, important to study barriers
that have persisted in transitioning to CSCM (Farooque, Zhang, Thiirer, et al., 2019). We also call for more empirical studies on
enabling technologies and information systems, for example, blockchain-enabled CSCM (Wang et al., 2020). The case studies
reviewed in Section 2, as summarized in Appendix A, report many innovations in practice on the usage of technologies to facilitate
resource circularity through the secondary goods market, the sharing economy, and value recovery operations from wastes.

8) CSCM and consumer behaviors: Consumers play a crucial role in the transition to a CE because they determine the demand for circular
products, the returns of after-use products, and waste source separation (Wang et al., 2021) for value recovery. There is a dire need to
investigate how to increase consumers’ acceptance of remanufactured products in CSCM. In addition, more studies are required for
improving consumers’ willingness to return after-use products or to give up product ownership in favor of a product-service system which is
regarded as a more circular business model. Supply chain researchers should consider interdisciplinary collaboration with researchers in
marketing and/or consumer psychology to tackle the challenges arising from the ever-changing consumer behaviors.

5. Conclusions

In recent years, the CE concept has become increasingly popular and has been embraced by policy makers and business leaders
across the globe. The integration of circular thinking into the management of the supply chain, i.e., CSCM, advances the supply chain
sustainability domain by offering a new and compelling perspective. CSCM extends the boundaries of closed-loop SCM to recover value
from wastes not only in the immediate supply chains but also across different supply chains with partnering firms in the same industrial
sector and/or other sectors. Given the promising vision offered by CE, this study reviews state-of-the-art research and practice in CSCM
for understanding the current state and opportunities for future research.

This review paper makes several important contributions. First, to the best of our knowledge, no review work has attempted to
compare state-of-the-art practices and research in CE. Therefore, this review is original and sheds light on this important topic from a
unique perspective. Second, our review of practices offers insights on the CE implementation incentives, benefits, circularity arche-
types, as well as implications for supply chain relationships and performance. Our literature review shows eight distinctive but
interrelated research themes on CSCM: closed-loop SCM, reverse SCM, legislations and policies, remanufacturing SCM, supply chain
collaboration, technology and information, recycling SCM, and industrial symbiosis. A disconnect between research and practice is
identified through our comparative review. Third, a framework of multi-dimensional CSCM is developed based on a synthesis of
knowledge in the reviewed case studies and academic publications. The framework establishes the relationships of multiple di-
mensions of CSCM. Last but not least, future research directions are discussed. They provide guidance for researchers on how to
advance this active research domain further, especially in addressing the research-practice gaps.

This paper has its limitations. It only covers academic literature from eleven high-ranking journals in operations and supply chain man-
agement that we selected. The review of real-life CE implementation cases is limited to the case studies collected by the Ellen MacArthur
Foundation. As the research domain of CE and CSCM is highly active, there will be a need to update this review after several years.
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Case Title

Case Company

Increasing clothing use through subscription

Closing the loop on single-use food packaging

City and industry in collaboration to save clothes from landfill
Bringing office furniture full circle

Redesigning medium-life bulky products from scratch

Creating new value and saving city and business costs

An open access circular supply chain for fashion

The online platform for scaling reuse

A Second Life: returns management, parts recovery and product repairs
Creating a reverse logistics ecosystem

Achieving reuse at scale in the fast moving consumer goods sector
Conserving materials for the next mobility revolution

Scaling up remanufacturing

Bike sharing with Chinese characteristics

A wardrobe in the cloud

Valorising a costly waste stream

A more circular music experience

Borrow stuff you need. Lend stuff you don’t.

Customizable packaging platform for liquid concentrates
Data-backed stories that drive change

Closing the Nutrient Loop

Effective water systems for urban circularity

Saving our seas, one factory at a time

High yields, high above the city

Pre-consumer waste’ - a GBP 1.9 billion opportunity awaits
Unlocking the circular potential of the steel industry

Full spectrum circularity in the apparel industry

Artisanal network turns corporate waste into quality goods
Bio-based material for single-use food containers

Improving income levels of Indian farmers through better access to information
Bringing printing as a service to the home

Synergistic food production space

Finding rare earth elements above ground, not underground

Air conditioning as a service reduces building carbon emissions
Short-loop recycling of plastics in vehicle manufacturing
Financing the expansion of circular business models

A mobility revolution in Wales

Regenerative agriculture at scale

Brewing beer from surplus bread

The circular economy and the promise of glass in concrete

How refurbishment can work, even when safety and performance matter the most
How tool sharing could become a public utility

Finding a fast fashion business model that lasts

Scotland: Increasing customer confidence in reused products
Increasing diversity, building resilience

The final stop for quality furniture

A new circular approach towards paper use in the digital era
Remanufacturing of refuse vehicles

Denmark: Public procurement as a circular economy enabler
Effective industrial symbiosis

Business-to-business asset sharing

Cradle to Cradle design of carpets

Retailer shifts to remanufacturing

Production of nylon yarn from waste materials

Techniques for rapid, non-destructive disassembly

Growing alternatives to petroleum-based packaging

Collection, refurbishment and resale of mobile phone handsets
Unlocking value from used cooking oils

Remanufacturing in the automotive industry

Pioneering a lease model for organic cotton jeans

Using Product Passports to improve the recovery and reuse of shipping steel
United Kingdom: Bringing industry together to tackle food packaging waste
Selling light as a service

Design and business model considerations for heavy machinery remanufacturing
Increasing post-consumer plastic content in packaging

Circular economy options in office furnishing

A model offering multiple benefits for multiple electronic products
Establishing a reverse supply chain for electronics

Circos

Biopak

New York City: The #WearNext Campaign
Ahrend

DSM-Niaga

Austin

Teemill

Trove

CoreCentrics

HP Brazil & Sinctronics
Braiform

GEM China

Huadu Worldwide Transmission
Mobike

Ycloset

Palm Silage and Phoenix City
Gerrard Street

Fat Lama

Replenish

Winnow

Ostara

Biopolus

Agriprotein

Lufa Farms

eStoks

ArcelorMittal

AHLMA

Rede Asta

Ja fui Mandioca

ITC (e-Choupa)

HP

The Plant

Urban Mining Company

Kaer

Renault

JLG & DLL

Riversimple

Balbo Group

Toast Ale

Google

DLL Group

Toronto Tool Library and Makerspace
Better World Fashion

Zero Waste Scotland

British Sugar plc

Kaiyo

REEP Technologies Ltd.
Refuse Vehicle Solutions
Danish Environmental Protection Agency
Kalundborg Symbiosis
FLOOW2

Desso

GameStop

Aquafil

Active Disassembly
Ecovative

Mazuma Mobile

Brocklesby

Autocraft Drivetrain Solutions
MUD Jeans

Maersk Line

Waste & Resources Action Programme
Philips & Turntoo

Caterpillar

Coca-Cola Enterprises

Rype Office

Bundles

Re-Tek
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