Disruptive Digital Technologies to Ensure Circularity in Supply Chain: A

Critical Review of Drivers, Barriers and Challenges

Abstract: The circular economy (CE) concept has gained significant attention to deal with the
sustainability challenges in supply chain (SC). CE practices offers innovative approaches to
optimize various SC processes leading to sustainable growth. However, adoption of CE
practices faces many roadblocks where application of disruptive digital technologies can be a
game changer. The extant literature lacks the investigation on drivers, enablers, critical barriers,
and challenges in adopting disruptive digital technologies along with CE practices in SC. To
fill this lacuna, an in-depth state-of-the-art of review of 187 articles has been conducted which
resulted in the identification of 49 drivers and enablers, and 25 barriers and challenges.
Furthermore, a framework has been proposed to elucidate the connection between disruptive
digital technologies and CE performance in SC. Our review reveals that digital technology
enabled CE practices helps to improve several performance metrics like resource optimization,
waste reduction, product life cycle, occupational health, social performance, product safety and
quality, and customer loyalty and satisfaction. The proposed framework will help industry
practitioners, researchers, and policy makers in devising strategies for adopting disruptive

digital technologies enabled CE practices in SC to achieve sustainability.
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1. Introduction

In an environment that is not only fiercely competitive but also dynamic, it is very difficult to
survive without sustainable practices be it in economic, environmental or social front. With
unrestrained consumption pattern which is a precursor of economic growth, the world is facing
serious issues due to unsustainable social and environmental practices (Zhang et al., 2022).
More than one billion people are living in extreme poverty and at the same time, the world
population is increasing at a rapid rate and is expected to reach about 8 billion (7.972 billion)
in 2022 (Worldometer, 2022b). The increasing population and unsustainable consumption have
created tremendous load on the environment, for example, carbon emissions have reached
about 25 billion Tons in 2022 (Worldometer, 2022a). Thus, a need arises to explore and adopt
scientific methods and principles to reduce unbridled consumption and achieve sustainable
production (Tunn et al., 2019). This has motivated many organizations and governments
around the world to explore new ways of working that include reducing, recycling and reusing
activities. These recycling activities restore the materials to a certain extent and thereby reduce
the consumption of virgin materials (Dissanayake & Sinha, 2015).

In linear economy, which is also known as take-make-use-dispose economy; the
industries manufacture the product and then sell it to the end-customer. The customers use the
product till its useful life and then just dump it unscrupulously (Rajput & Singh, 2019). Thus,
linear economy is responsible for creation of enormous waste and the disposal of waste is itself
a big concern (Sharma et al., 2021). The disposal in landfill and incineration of waste may
cause several emissions which are damaging for the environment (Mrozik et al., 2021). These
concerns have led to a shift in a new paradigm known as circular economy (CE). The shift from
the linear economy to the CE is possible with the adoption of a closed-loop supply chain (SC)

along with regenerative and restorative features (Mishra et al., 2022). The regenerative and



restorative principles of CE enable the reuse of materials thereby minimizing the use of virgin
materials and eliminating unnecessary wastes of end-of-life products (Mhatre et al., 2021).

The concept of CE as a new paradigm helps in achieving sustainable development goals
12 (SDG-12) i.e., responsible production and consumption (Dantas et al., 2021). However,
there are certain challenges and barriers to the adoption of CE practices in industries (Hossain
et al., 2020). To this effect, the lack of eco-efficiency of the technological processes available
for CE is one of the most critical barriers to CE adoption (Bianchini et al., 2019; Zhang et al.,
2019; Ozkan-Ozen et al., 2020; Ada et al., 2021; Erol et al., 2022; Kumar et al., 2022; Luthra
et al., 2022). Some other barriers to CE adoption include lack of consumer awareness,
inadequate knowledge about CE, hesitant company culture, lack of proper waste management
infrastructure etc. These challenges and barriers can be effectively addressed with the adoption
of disruptive digital technologies.

Disruptive technologies are innovations that significantly change business operations
and consumer behavior to create new markets, value networks or business models. One such
technology i.e., blockchain has disrupted the logistics sector by enhancing transparency and
traceability (Prajapati et al., 2022). The usage of big data analytics (BDA) makes business
decisions robust and better, with clear visibility, and better planning (del Giudice et al., 2021).
Cyber physical system (CPS) could be used for scheduling and control of production process
that results in optimum resource utilization along with cost savings (Ahmed et al., 2022).
Similarly, other Industry 4.0 (I4.0) technologies could also help to achieve circular practices in
SC such as interoperability, modularity, virtualization, and decentralization (Mubarik et al.,
2021; Ghadge et al., 2022). Interoperability helps in enhancing machine life and minimising
industrial waste generation while modularity ensures better usage of resources. Virtualization
and decentralization also help in reducing industrial waste by making better use of industrial

assets (Enyoghasi & Badurdeen, 2021). Additionally, the disruptive 14.0 technologies supports



circular practices in SC such as green purchasing, recycling and remanufacturing(Taddei et al.,
2022; Umar et al., 2022). Adopting these technologies enhances process efficiency, increases
process flexibility, and ultimately improves productivity with efficient utilization of resources
(Bag et al., 2021; Sharma et al., 2021).

Integration of digital technologies and CE practices, the two important paradigms of
SC, will significantly help in enabling sustainable business and business growth (Nascimento
et al., 2019). Thus, there is a need to understand the linkage between CE practices and
disruptive technologies to achieve SDG 12. Additionally, the knowledge of drivers, enablers,
barriers and challenges could provide a clear insight of integrating disruptive digital
technologies with CE practices to achieve sustainability in SC. Hence, the present study is
aimed to identify the answers to the following research questions (RQ):
RQI. What are the drivers and enablers of integrating digital technologies and CE?
RQ2. What are the barriers and challenges of integrating digital technologies and CE?
RQ3. What are the future opportunities for integrating digital technologies with CE practices?

To address the aforesaid research questions, this article presents a systematic literature
review to make twofold contributions: firstly, the present literature on CE practices and
disruptive technologies is extended by carrying out thorough content analysis of drivers,
enablers, barriers and challenges. Enablers and drivers identified in this article will help in
establishing CE practices in SC by optimizing resource consumption, leveraging the principles
of recycling and remanufacturing, and enhancing the logistics network. Similarly, the barriers
and challenges in adopting disruptive technologies, identified in this study, will enable the
industry practitioners, and policy makers to develop strategies to cope with these challenges.
Secondly, this review delineates the future opportunities for disruptive technologies that could

help in achieving circular practices in SC.



The remaining sections of the article is as follows; section 2 presents the research
methodology used in the study. Bibliometric analysis has been presented in section 3.
Identification and discussion on drivers and enablers of digital technology enabled CE practices
is presented in section 4. Section 5 elucidates the barriers and challenges. A conceptual
framework integrating disruptive digital technologies and CE is proposed in section 6. Section
7 discusses the implications of the present work and finally, section 8 presents the concluding

remarks and limitations of the study.

2. Research Methodology
The present work adopts a mixed method combining bibliometric analysis and systematic
literature review (SLR). While bibliometric analysis deals with all kinds of statistics related to
research publications, SLR attempts to answer some specific research questions pertinent to
the chosen area of investigation. Meredith (1993) opined that an SLR enables “integrating
several different works on the same topic, summarizing the common elements, highlighting the
differences, and extending the work in some fashion”. Bibliometric analysis provides a
summary of bibliometric data to describe the foundational and emerging themes and creates
the intellectual structure in any given research area or field (Donthu et al., 2021). Thus, a hybrid
review process amalgamating SLR and bibliometric analysis is used in this work incorporating
the following steps: (i) defining the research objective(s), (i1) exploring databases, (iii) using
exclusion and inclusion criteria for screening the relevant articles, (iv) bibliometric analysis,
(v) synthesizing relevant literature based on identified attributes and their categorization.
Figure 1 presents the steps followed in this review work.

SCOPUS database was used in this review work since it captures a broader aspect of
publications being the largest database. SCOPUS includes articles from almost all the reputed

publishers (IEEE, Elsevier, Emerald insights, Wiley, Springer, Tailor and Francis etc.). While



Web of Science covers 24952 journals, SCOPUS encompasses 39237 journals (Majumdar et
al., 2022a). At first, the keywords were decided based on discussions amongst the authors of
this work. The search string used is given in Table 1. Three aspects, namely digital technology,
circular economy and constructs (drivers, enablers, barriers, challenges etc.) were joined with
‘AND’ operator so that the selected articles cover all the chosen aspects of the review.

After the initial search, various inclusion and exclusion criteria were applied to get the
relevant papers related to our research questions. Articles published only in English language
after 2011 were considered as the application of disruptive technologies was popularized after
the inception of 14.0 in 2011. The research area other than engineering, computer science,
business, management and accounting, environmental science, decision science, social science,
mathematics, economic, econometrics and finance and multidisciplinary were not considered.
Furthermore, the abstracts were read by two authors and irrelevant articles were removed.
Finally, 187 articles were considered for final review.

Table 1: Search string used

Aspect String

Digital ("digital technolog*" OR "smart technolog*" OR "industry 4.0" OR "disruptive technolog*"

technology OR "I4.0" OR "artificial intelligence" OR "machine learning"” OR "big data" OR "big data
analytics" OR "BDA" OR "cloud computing" OR "internet of thing" OR "IoT" OR "additive
manufacturing" OR "augmented reality"” OR "virtual reality" OR "digital twin" OR "cyber
physical system" OR "CPS" OR "cyber security" OR "automation" OR "robotics" OR
"blockchain" OR "3D printing")

Circular ("circular economy” OR "product service system" OR "sharing economy" OR "closed loop"

economy OR "zero waste" OR "climate change" OR "carbon emission" OR "carbon footprint" OR
"decarbonization" OR "net zero")

Constructs ("driver" OR "barrier" OR "challenges" OR "strateg*" OR "motivation" OR "challenge" OR

"critical success factor" OR "CSF" OR "practice" OR "issue"
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Figure 1: Steps followed to perform the literature review



3. Bibliometric Analysis

A bibliometric analysis was also performed on the selected articles using R-software package.
The year-wise trend of publication is shown in Figure 2. It is observed that till 2017 the number
of articles was very few. However, a sharp increase in publications is seen after the year 2018.
This trend ratified the growing interest in the chosen field of disruptive digital technology in

CE.
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Figure 2: Year-wise publication trend of articles

Table 2 shows the top ten journals in terms of number of articles published. “Business Strategy
and the Environment” tops this list followed by “Resources Conservation and Recycling” and
“Computers and Industrial Engineering”. The top ten authors in terms of global citations and
number of published articles in the chosen area are presented in Table 3. Here global citations
imply the total number of citations received by an article in online databases i.e., within and
beyond the research domain under study (Geng et al., 2020). A few other important parameters
of bibliometric analysis are shown in Table 4. Citation information shows the relative
importance of a research work through metrics like average citations per document and average

citations per year per document. Average citations per document refers to the number of



citations received by an article on average over the considered time period, whereas if the same
is calculated per year, then it results the average citations per year per document. Co-authors
per document is calculated as the average number of co-authors per document while per-
document authorship is calculated based on the total number of authors (non-repeated) divided
by the total number of documents (Aria & Cuccurullo, 2017). Since some authors appear more
than once, hence per-document authorship value is generally lower than that of co-authors per
documents. Collaboration index is calculated as the ratio of total number of authors in multi-
authored articles and total number of multi-authored articles. Author’s keyword refers to
keyword given by authors in specific article while keyword plus refers to the keyword assigned
by SCOPUS or International Scientific Indexing (ISI) databases (Aria & Cuccurullo, 2017).
The frequently occurring keywords and a word cloud of articles are presented in Table 5 and
Figure 3 respectively. Word cloud is created by collecting the most frequently used keywords

and making them appear bolder and larger in proportion to their occurrence.

Table 2: Top-ten journals and number of articles published

Sr. No. Sources Articles
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Table 3: Top-ten authors in terms of global citations and local publications

Sr. Author Global Author No. of
No. citations articles

1.  Lopes De Sousa Jabbour Ab 419 Kumar A. 8

2. Manavalan E. 325 Tseng M-L 6

3. Nascimento D. L. M. 278 Chiappetta Jabbour C. J. 5

4. Tseng M-L 221 YuZ. 5

5. Ibn-Mohammed T 207 Gunasekaran A. 4

6. RajputS. 185 Kayikei Y. 4

7.  Panetto H. 155 Kazancoglu Y. 4

8.  Kouhizadeh M. 133 Khan S. A. R. 4

9. TolioT. 111 Kumar V. 4

10. Rowan Nj 105 Luthra S. 4

Table 4: Different bibliometric metrics of the reviewed articles

Publication information Results Authors collaboration Results
Total number of publications 187 Author-specific documents 0.308
Total sources 97 Per-document authorship 3.25
Citation information Co-authors per documents 3.80
Average years from publication 1.47 Collaboration index 3.32
Average citations per document 27.94
Average citations per year per document 9.23
Authors information Document information
Authors 607 Articles 166
Author appearances 711 Reviews 21
Authors of single-authored documents 6 Keywords plus (ID) 1172
Authors of multi-authored documents 601 Author's keywords (DE) 605

Table 5: Top-ten frequently occurring words

Sr. No. Words Occurrences
I. supply chains 45
2. sustainable development 40
3. circular economy 34
4. industry 4 0 33
5. supply chain management 32
6. decision making 23
7. Recycling 19
8. big data 16
9. sustainability 15
10. artificial intelligence 14
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Figure 3 Word cloud of the reviewed articles

4. Drivers and Enablers of Digital Technology Enabled Circular Economy

This section attempts to answer the RQ1. Based on the detailed analysis of 187 articles, the
drivers and enablers are clustered into five categories including sustainability, organizational
and regulatory, competency, technological and economic drivers.

4.1 Sustainability drivers

Significant initiatives have been taken by the government, business organizations and
individuals in the last decade due to issues like climate change, global warming, epidemic
which often created pressure from the common public. Thus, CE-based practices are becoming
imperative to achieve SDGs propounded by United Nations in 2015. The sustainability-related
CE drivers include economic benefits, wealth from waste, social sustainability and legitimacy,
ethical values and circularity behaviour, green infrastructure, and environmental performance
and global resource deployment. Though, the CE practices require an initial investment, it has
several gains in terms of brand image building and generation of income through recycling.
Additionally, technologies like blockchain and digital twin are very useful for appropriate

resource allocation while other information technologies help in digitization and knowledge



sharing. For example, green logistics support the CE initiatives. The description of

sustainability drivers and enablers are mentioned in Table 6.

Table 6: Sustainability drivers and enablers

circularity behaviour
(DE4)

drive the adoption of CE practices. For
example, segregating the wastes eases
the process of recycling.

Dimension Drivers and | Description Reference
enablers
Economic The economic gain and brand reputation | (Kayikci et al., 2022b);
sustainability (DE1) | obtained by complying with CE | (Luetal., 2022)
practices motivate the industries to adopt
circularity in their SC.
Wealth from waste | Digital technologies help to aggregate | (Rajput & Singh, 2019);
(DE2) and convert waste to meaningful | (Zhang et al., 2021);
products and thus provide options for re- | (Mahroof et al., 2022)
use to boost environmental and social
effectiveness.
Social sustainability | The ability of digital technologies like | (Kayikei et al., 2022b);
and legitimacy | blockchain and digital twins to detect | (Lu et al., 2022)
(DE3) and trace harmful substances or non-
compliant circular material in the SC
preserves the safety of employees.
Sustainability | Ethical values and | Ethical awareness and care for nature | (Zhang et al., 2021);

(Kayikci et al., 2022a);
(Kayikei et al., 2022b);
(Lu et al., 2022)

Green infrastructure

Digital technologies help in building

(Rajput & Singh, 2019);

(DES) green eco-friendly infrastructure to | (Sandvik &  Stubbs,
initiate CE practices and adopt circular | 2019); (Chiappetta
SC.  Additionally, ensuring  the | Jabbour et al, 2020);
availability of  compatible IT | (Gupta & Singh, 2021);
infrastructure is an added advantage to | (Kayikci et al., 2022b)
adopt CE practices.

Environmental The ability of digital technology to speed | (Kayikci et al., 2022a)

performance and | up resource deployment and to enhance

global resource | resiliency and flexibility fosters the

deployment (DE6) circularity along the SC.

4.2 Organizational and regulatory drivers

Organizational readiness and regulations are two critical elements to support CE initiatives in
SC. Organizational readiness depends on several aspects like top management commitment,
technological capability, human capital, demand management and production planning,
operations efficiency and quality control. Additionally, the availability of the financial resource
is a crucial driver for initiating CE practices. The funds could be utilised for training and skill
development of employees to adopt and implement CE practices. For example, digitization at

different stages of SC planning and operation will save a lot of paperwork and smoothen the



process efficiency. Furthermore, to enhance organizational readiness, connectivity in SC
network and collaboration amongst the SC stakeholders are of utmost priority. The SC
stakeholders can collaborate to exchange the waste as well as share the cost of effluent
treatment. The other important aspect i.e., regulations enforcement of CE practices and
environment-friendly processes is the primary responsibility of government agencies related to
environment and pollution. In this respect, automated collection of data related to waste
generated during production can be collected and monitored where digital technologies can

contribute significantly. The description of organizational and regulatory drivers and enablers

are mentioned in Table 7.

Table 7: Organizational and regularity drivers and enablers

Dimension Drivers and | Description Reference
enablers
Demand The ability of digital technologies to | (Chiappetta Jabbour et al.,
management and | capture and forecast the demand | 2020); (Kazancoglu et al.,
production fluctuation helps in establishing CE | 2021); (Kumar et al., 2021a);
planning (DE7) practices along the whole SC | (Gupta & Singh, 2021);
network. (Zhang et al., 2021)
SC  connectivity | SC connectivity and visibility leads to | (Sharma et al, 2021);
(DES) better coordination and collaboration | (Kayikeci et al, 2022a);
among the SC partners through the | (Kayikci et al., 2022b);
intervention of digital technologies. | (Kayikci et al., 2022¢)
Under such a situation, CE initiatives
benefit the firm due to reduced waste
and bottlenecks.
Quality  control | Digital technologies help in online | (Hettiarachchi et al., 2022)
(DE9) process monitoring and hence, keep a
check on quality control. This results
in lesser waste and boosts circularity.
Organizational | Operations Digital technologies such as BDA, | (Kazancoglu et al., 2021)
and regulatory | efficiency (DE10) | blockchain, cloud computing and IoT
are extremely useful in providing rich
data about operations and process in
SC and thus, helps in optimal decision
making which in turn enhances
operations efficiency for a transition
towards CE.
Stakeholder Collaboration is a critical link | (Sandvik & Stubbs, 2019);
collaboration between the stakeholders to align | (Gupta & Singh, 2021);
along the SC | them toward CE goals and digital | (Kazancoglu et al., 2021);
(DE11) technologies can assist to turn this | (Kayikci et al., 2022b);
dream into reality. (Kayikei et al., 2022c); (Lu et
al., 2022)
Top management | Digital technologies provide critical | Kayikci et al. (2021);
commitment insights to help the leadership in the | Kazancoglu et al. (2021);
(DE12) initiation of CE practices. The | Kumar et al. (2021b); Zhang
alignment of organizational vision




and top management commitment
acts as a catalyst for the adoption of
digitized circular SC.

et al. (2021); Gupta & Singh
(2022)

management  of
circular SC and

to increase SC performance boost the
possibility of adopting CE and 14.0.

Organizational The organizational culture and | (Gupta & Singh, 2021);
culture and | commitment toward sustainable | (Mahroof et al., 2022)
learning (DE13) practices drive the adoption of

circularity in the SC.
Stakeholder Information and communication | (Gupta & Singh, 2021)
awareness (DE14) | technologies can help to spread

awareness about CE.
Training and | Digital technologies offer online | (Kumar et al., 2021a); (Gupta
development of | training assistance to employees and | & Singh, 2021)
manpower help them in developing the skillset to
(DE15) initiate CE practices.
Availability  of | Execution of CE practices requires an | (Kumar et al., 2021a)
financial initial investment in eco-friendly
resources (DE16) | technologies and  hence, the

availability of financial resources

drives the adoption of CE in SC.
Knowledge The knowledge level and willingness | (Gupta & Singh, 2021);

(Kumar et al., 2021a); (Lu et
al., 2022)

regulations and hence, promote CE
practices in SC. Sustainability
compliance can be monitored through
blockchain traceability and
environmental regulation can be put
on smart contracts.

14.0 (DE17)
Regulatory policy | Digital technologies are helpful in | (Rajput & Singh, 2019);
(DE18) governance and enforcement of | (Chiappetta Jabbour et al.,

2020); (Gupta & Singh,
2021); (Zhang et al., 2021);
(Gil Lamata & Latorre
Martinez, 2022); (Kayikci et
al., 2022a); (Kayikci et al.,
2022b)

4.3 Technological drivers

In recent years, significant developments have been observed in the technological domain.
Some of these technologies or technology platforms include IoT, cloud computing, blockchain,
digital twin, cyber-physical system, BDA, artificial intelligence (Al), augmented reality, virtual
reality and 3D printing etc. These technologies support CE practices by contributing to
recycling, remanufacturing, green logistics, green purchasing, and sharing business models etc.
Blockchain and the digital twin have a proven record for augmenting traceability and ensuring
sustainability in the SC. Traceability is the key to the monitoring of the operations in circular
SC and this aspect of technology also helps to make CE practices more resilient. Some other
technological drivers include SC visibility, cleaner technology for renewable energy,

scalability, modularity, self-organization and adaptation, predictive maintenance and an



integrated technology platform. The description of technological drivers and enablers are

mentioned in Table 8.

Table 8: Technological drivers and enablers

allows interchangeability of system
components indicating that they can be
made to serve production or technical
functions independently.

Dimension Drivers and enablers | Description Reference

Information The ability of digital technologies to | (Kumar et al., 2021a);

management  system | process data into information acts as a | (Kazancoglu et al., 2021)

(DE19) transformation tool kit for the
transition of a traditional process
towards CE practice.

SC visibility /| The unique feature of blockchain and | (Kazancoglu et al., 2021);

traceability /| digital twins to trace the journey of | (Sharma et al., 2021);

transparency (DE20) products gives an edge to an | (Kayikci et al., 2022a)
organization to monitor the process
and keeps a check on compliance
towards CE initiatives.

Cleaner technologies | Eco-friendly  digital technologies | (Gupta & Singh, 2021);

(DE21) promote green logistics in the SC | (Chiappetta Jabbour et al.,
through the use of electrical vehicles | 2020); (Kayikci et al.,
and transportation using compressed | 2022c)
and natural gas etc. Cloud computing
is far more sustainable than storing and
maintaining physical data centres.

14.0 technology | 14.0 technologies acts as a bridge to | (Rajput & Singh, 2019);

(DE22) transform traditional SC to sustainable | (Bressanelli et al., 2020);
circular SC. (Gebhardt et al., 2021);

(Gupta & Singh, 2021);
(Sharma et al., 2021);

Technological (Hettiarachchi et al,,
2022)

Cyber security (DE23) | Digital technologies help to prevent | (Kumar et al., 202la);
cyber-attack and ensure compliance | (Sharma et al., 2021)
with CE practices.

Scalability (DE24) The application of the digital twin to | (Rajput & Singh, 2019)
simulate the current and future state of
affairs can help to scale up the CE
practices in the entire SC network.

Modularity (DE25) The application of digital technologies | (Rajput & Singh, 2019)

Self-configurable and | Digital technology’s ability to | (Rajput & Singh, 2019)
adaptable (DE26) coordinate with other networks'

heterogeneous device make them self-

configurable and adaptable for CE

practices. The information on the

current state could be utilized for self-

optimization along circular SC.
Predictive The ability of digital technologies to | (Rajput & Singh, 2019)
maintenance and | self-regulate the process ensures
recovery (DE27) predictive maintenance and is more

friendly towards CE practices.




Technology The implication of digital technologies | (Kayikci et al., 2022a)
standardization to make CE practices standardized has
(DE28) great  potential. For  example,

collection of wused products and
segregation through the use of image
processing techniques.

Use of technologies for
understanding

changing  consumer
perceptions about CE-
based products (DE29)

Al and various machine learning (ML)
algorithms are used in daily routine
(like shopping, and social media) to
understand the consumer perception
about the sustainability requirement.

(Gupta & Singh, 2021)

Integrated technology
platforms (DE30)

The potential integration of circular SC
and 14.0 is possible through the

(Rajput & Singh, 2019);
(Kumar et al., 2021a)

application of an integrated technology
platform. The role of the technological
platform would be to facilitate
communication  for  the 14.0
technological-intensive environment.

4.4 Competency drivers

The amalgamation of digital technologies with CE practices provides a competitive advantage
to the organization over others. Some of the competency-related CE drivers are organizational
competency, human resources competency and information technology competency. Digital
technologies help to increase operations efficiency, productivity and optimize the various
process in the SC and thus improves the organizational competency of the firm. Additionally,
ensuring CE-practices require certain skills such as digitization, recycling and waste reduction
where digital technologies can play a pivotal role. The other competency drivers include
corporate social responsibilities (CSR), performance indicators, sustainability potential of CE
and 14.0, operational competency, data-driven innovation and co-creation platform, shared CE
toolbox, data ownership and control, change management and ability to deal with competitors
and newer business models. The description of competency drivers and enablers are mentioned

in Table 9.



Table 9: Competency drivers and enablers

Dimension | Drivers and enablers Description Reference
Organizational Digital technologies empower an | (Kayikei et al,
competency (DE31) organization to become more flexible in | 2022b); (Lu et al,

adopting CE practices as well as to compete | 2022)
in the market by accelerating innovation.
Human resources | The ability of human resources to acquire | (Kumar et al., 2021a);
competency (DE32) digital skillsets makes them more competent | (Kazancoglu et al,
for adopting CE practices. Additionally, it | 2021); (Hettiarachchi
enhances the management team's capability | et al., 2022); (Kayikci
to adopt newer systems. et al., 2022b)
Information technology | The ability of information technology to | (John et al., 2021);
competency (DE33) handle large data and process them in real | (Kayikci et al., 2022c)
time offers business value from the CE
perspective.
Corporate social | The expectation of the public and | (Gupta &  Singh,
responsibilities (CSR) | government from the organizations to | 2021); (Zhang et al.,
(DE34) contribute towards CSR drives the need for | 2021)
adoption of CE practices in SC network.
Performance indicators | Performance indicators are the metrics to | (John et al., 2021);
(DE35) measure the attainment of CE initiatives and | (Mahroofetal., 2022);
hence they are useful to track the progress of | (Zhang et al., 2021)
CE implementation.
Operational competency | The ability of digital technologies to provide | (Rajput &  Singh,
(DE36) information in real time helps SC managers | 2019); (Gupta &
to take optimal decision about resource | Singh, 2021);
utilization. The idea is to consume lesser | (Kayikci et al.,
Competency resources and enhance usage to maximum | 2022c); (Lu et al,

limit.

2022)

Data driven innovation
and co-creation platform
(DE37)

Each digital technology has some unique
characteristics through which it offers
several innovations for transformation
towards CE. For example, the use of
blockchain  technology for regulated
recycling and crowd shipping of collected
items.

(Kazancoglu et al,
2021); (Kayikei et al.,
2022a); (Kayikci et
al., 2022b)

Technologies like blockchain and digital
twin offer traceability and thus, provides
assistance in monitoring of processes in SC.
This information can be utilised to develop
shared CE toolbox.

(Kayikei et al., 2022a)

Technologies like blockchain is
cryptographically secured and immutable
and thus, it offers a better control on data
ownership.

(Sharma et al., 2021);
(Kayikeci et al., 2022a)

Shared CE toolbox
(DE38)

Data ownership and
control (DE39)

Change  management
(DEA40)

Digital technologies offer assistance towards
change management that becomes important
while implementing CE.

(Kumar et al., 2021a)

Ability to deal with
competitors and newer
business models (DE41)

CE practices provide competitive edge on
sustainable aspects and thus, help the
organization to develop a capability to deal
with competitor and adopt newer business
models.

(Kumar et al., 2021a);
(Gil Lamata & Latorre
Martinez, 2022)




4.5 Economic drivers

The CE practices have several advantages in terms of improved profit margin, cost saving,
business continuity and better risk management. Due to recycling and material recovery, a new
source of income is generated which favours the adoption of CE. Additionally, government
incentives act as a major motivation amongst industries to adopt CE practices as significant
amount of subsidy is often allocated to the industries following sustainability norms. The
application of recycling technologies supports the value recovery in terms of materials and
energy. This helps industries to make an effective supply risk management strategy.
Additionally, the application of digital technologies ensures the accountability and reliability
of CE practices, and this is helpful in auditability of circular SC. Moreover, quality of services
perceived through CE enables SC to inculcate a feeling of self-satisfaction among the

consumers and this perception act as driving force of adoption circular SC. The description of

economic drivers and enablers are mentioned in Table 10.

Table 10: Economic drivers and enablers

business continuity
(DE43)

technological intervention provide value
addition and make the businesses more
sustainable.

Dimension | Drivers and | Description Reference
enablers
New source of | Income generated through waste foster | (Zhang et al.,, 2021); (Gil
profit the CE practices and increases the | Lamata & Latorre Martinez,
maximization profitability of the organization. 2022)
(DE42)
Benefits for | CE practices enabled through | (Mahroof et al., 2022); (Gil

Lamata & Latorre Martinez,
2022)

incentives (DE46)

tax benefits for following environmental
regulation. Thus, financial assistance

Resource CE practices lead to increased resource | (Gil Lamata & Latorre
productivity productivity due to application of | Martinez, 2022)
recycling, re-using and regeneration.
Economic | Effective risk | Digital technologies help in visualizing | (Gupta & Singh, 2021);
management the operations along the SC and its | (Sharma et al., 2021); (Lu et
(DE44) amalgamation with CE practice increase | al., 2022)
the resiliency of SC network.

Cost saving | CE practices result in reduced virgin | (Chiappetta Jabbour et al.,

(DE45) material consumption. This leads to cost | 2020); (Sharma et al., 2021);
saving and this can be further allocated to | (Zhang et al., 2021); (Gil
market at attractive price for gaining | Lamata & Latorre Martinez,
competitive advantage. 2022)

Governmental Government often provides incentives or | (Kazancoglu et al., 2021)




motivates organization to adopt CE
practices.

Auditability of | Technologies like blockchain facilitate | (Sharma et al, 2021);
records (DE47) the auditability of records and keep a | (Kayikci et al., 2022a)
check on sustainable compliance in
various operations.

Ensures Digital technologies make the system | (Rajput & Singh, 2019);
accountability and | more accountable and reliable with | (Sharma et al., 2021)
reliability (DE48) | intervention of technology.

Quality of service | Digital technologies help in the | (Rajput & Singh, 2019);
(DE49) management of network resources to | (Zhang et al., 2021)
improve the quality of CE based services.

5. Barriers and Challenges of Digital Technology Enabled Circular Economy

This section attempts to address the RQ2. Many recent studies have discussed the barriers and
challenges of integration of disruptive digital technologies with CE. Lack of awareness is a
major constraint that hinders the adoption of digital technologies in CE practices. Despite the
availability of a lot of research articles, books, magazines, and reports, people are still not aware
of the benefits of deploying digital technologies in circular practices. There is a need to educate
and sensitize the stakeholders and general population about the positive impact of circular
practices on the environment, economy, and society. Similarly, a lack of a generalized
framework is another big hindrance in adopting CE practices as many industries face problems
in deploying CE practices. Many researchers have studied the barriers and challenges
associated with the integration of digital technologies with CE principles to achieve sustainable
benefits in different sectors. Through the critical analysis of barriers, we categorized them
under five heads, namely process barriers, technological barriers, economic and financial
barriers, institutional and regulatory barriers, and structural and cultural barriers.

5.1 Process barriers

Process barriers such as inadequate knowledge about CE and 14.0, lack of standards for CE
performance, inadequate transparency and disclosures, lack of strategy for integration of 14.0
and CE, uncertainty of return flows, lack of successful business models and frameworks to

implement digitized CE, and lack of skilled workforce etc. hinder the adoption of digital



technology aided CE. It is important to update the processes in an organization to adopt new
technologies and integrate them seamlessly. With the traditional processes, it is sometime very
difficult to adopt digital technologies and CE practices. The description of process barriers and

challenges is mentioned in Table 11.

Table 11: Process barriers and challenges

Category

Barriers/Challenges

Description

References

Process
barrier

Inadequate knowledge

Complexity increases as we shift from

(Ozkan-Ozen et al.,

about 14.0 and CE (B1) | linear economy to CE and it requires sound | 2020); (Ada et al., 2021);
knowledge and experience. Besides, | (Luthra et al., 2022);
integration of CE practices and digital | (Shang et al., 2022)
technologies requires a higher level of
technical and circular skills.
Lack  of  standard | Lack of defined system as well as lack of | (Ozkan-Ozen et al.,
system for CE | parameters to measure the performance of a | 2020); (Adaetal., 2021);
performance digital circular system hinders the adoption. | (Erol et al, 2022);

measurement (B2)

(Kumar et al., 2022);
(Luthra et al., 2022)

Inadequate
transparency
disclosures (B3)

and

Lack of information sharing among
different stakeholders due to reluctant
behavior may lead to low transparency.

(Luthra et al., 2022);
(Ozkan-Ozen et al.,
2020); (Erol et al., 2022);
(Shang et al., 2022)

Lack of strategy for
integration of 14.0 and
CE (B4

A sound and proactive strategy is needed to
establish CE principles in SC with the help
of digital technologies.

(Luthra et al., 2022);
(Ada et al, 2021);
(Kumar et al., 2021b)

Uncertainty of return
flows (B5)

Due to a lack of awareness and
unpredictable returns, there is uncertainty in
the return flow.

(Ozkan-Ozen et al.,
2020); (Erol et al., 2022)

Lack of successful | As CE concepts are relatively new to the | (Kumar et al., 2022)
business models and | industries, it requires new business models
frameworks to | and framework for their deployment. As
implement digitized CE | digital technologies are also coming into
(B6) practice, it is necessary to establish a
standard framework that will ensure the
successful adoption of CE practices along
with digital technologies.
Lack of skilled | Adoption of CE principles along with | (Ozkan-Ozen et al.,
workforce (B7) digital  technologies requires good | 2020); (Kumar et al,
knowledge and skills about both the | 2021b); (Kumar et al.,
domains. 2021c); (Kumar et al.,

2022)

5.2 Technological barriers

As CE and digital technologies both have strong technology focus, technological barriers play
a decisive role in thwarting their widespread adoption. With traditional technologies, it is
impossible to adopt CE practices in SC. However, digital technologies such as blockchain

enables transparency and provides smooth flow, both forward and reverse, of goods and thus



acts a facilitator to CE. There are certain technological barriers that hinders the adoption of
digital technology driven CE practices, namely lack of proper waste management
infrastructure, lack of eco-efficiency of the technological processes, risk of information loss;
information insecurity, lack of physical and IT infrastructure, and design challenges for circular
products. Non-availability of proper technologies for upcycling, recycling and remanufacturing
process act as a major barrier in adoption of CE practices. This can be upgraded by adopting
digital technologies. But there are still certain barriers that hampers adoption of digital
technologies like no infrastructure to support digital technology. The description of

technological barriers and challenges is mentioned in Table 12.

Table 12: Technological barriers and challenges

Category

Barrier/Challenges

Description

References

Lack of proper waste

There is a wide variety of wastes, and it

(Zhang et al., 2019); (Ada et

management needs sound treatment methods. | al., 2021); (Kumar et al.,
infrastructure (B8) Repairing, refurbishing, remanufacturing, | 2021b)

and recycling are the major aspects of CE

principles. Lack of proper waste

management infrastructure may restrict

these 4Rs.
Lack of eco- | Lack of availability of data, high energy | (Bianchini et al., 2019);
efficiency of the | demand, and poor interoperability are | (Zhang et al, 2019);
technological some hindrances that lead to poor eco- | (Ozkan-Ozen et al., 2020);
processes (B9) efficiency of the processes. (Ada et al., 2021); (Erol et

al.,, 2022); (Kumar et al.,
2022); (Luthra et al., 2022)

might not have the idea about what
information to be shared and what not to
the different collaborators in SC.

Technolo | Risk of information | Lack of knowledge about circular | (Zhang et al, 2019);
gical loss; information | practices among employees and managers | (Ozkan-Ozen et al., 2020);
barrier | insecurity (B10) may lead to information loss as they | (Kumar etal.,2022); (Luthra

et al., 2022)

Lack of physical and | Proper physical and information | (Kumar et al., 2021b);
1T infrastructure | technology infrastructure is needed to | (Kumar etal.,2021c); (Dutta
(B11) connect physical and virtual world. With | et al., 2022); (Erol et al.,

infrastructure, it is
adopt digitized CE

the conventional
impossible to
practices.

2022)

Design challenges for | Lack of consideration for redesigning, | (Bianchini et al., 2019);
circular products | remanufacturing, recycling, and restoring | (Ozkan-Ozen et al., 2020)
(B12) due to non-availability of cost-effective | (Kumar et al., 2021c¢)

technologies is a major hindrance to CE
adoption.




5.3 Economic and financial barriers

Capital investment and rate of return are always the major concerns for any organizational
initiatives. There are many economic and financial barriers, namely lack of economic
incentives, high investment, low price of virgin raw materials compared to recycled materials,
and lack of funding for implementing 4.0 which restrict the adoption of digital technology
enabled CE practices. High capital investment for digital and circular technologies restricts the
top management from investing in these areas specially in countries where labour wage rate is
low. Also, most of the companies look for immediate profit and in case of adoption of CE
practices, the cost may increase initially because of higher investment in recycling and
remanufacturing infrastructure. Moreover, in many instances, it is found that the virgin raw
material is cheaper than the recycled material (Majumdar et al., 2022b). So, from economic
and financial viewpoints, though CE practices have certain environmental benefits, sometimes
it may lead to higher upfront cost and low return on investment. The description of economic
and financial barriers and challenges is mentioned in Table 13.

Table 13: Economic and financial barriers and challenges

Low price of virgin
raw materials
compared to recycled
materials (B15)

Due to high cost associated with
recycling processes, recycled material is
often costlier than the virgin material
and it creates a hindrance in adoption of
CE practices.

Category Barrier/Challenges Description References
Lack of economic | Weak economic incentives (net profit, | (Bianchini et al., 2019);
incentives (B13) market share etc.) generate a resistance | (Ozkan-Ozen et al., 2020);
among stakeholders in general and top | (Ada et al., 2021); (Erol et
management in particular towards the | al., 2022)
adoption of CE practices and digital
technologies.
High capital | High capital investment in digital and | (Bianchini et al., 2019);
investment (B14) circular technologies hinders the | (Zhang et al.,, 2019);
Economic stakeholders and investors from | (Ozkan-Ozen et al., 2020);
investing in digital technologies and CE | (Adaetal., 2021); (Kumar et
and .
financial practices. al., 2021a); (Erol et al,
. 2022); (Kumar et al., 2022)
barrier

(Ozkan-Ozen et al., 2020);
(Ada et al., 2021); (Erol et
al., 2022)

Lack of funding for
14.0 (B16)

Adoption of digital technologies
requires significant investment and lack
of funding acts as a critical barrier in
adoption of digital technologies.

(Kumar et al., 2021b)




5.4 Institutional and regulatory barriers

Adoption of CE practices and digital technologies requires regulatory norms and standards
from government agencies to create institutional pressure. Unavailability of such norms or their
slack implementation may hamper the adoption and implementation of CE. Besides, frequent
changes in government policies and norms may create volatile business environment and thus,
hinder the adoption of CE practices. In the presence of inconsistent government policies,
organizations cannot leverage the benefits of adopting digital technologies and CE practices.
Some of the institutional and regulatory barriers are lack of government support, lack of
regulations and policies etc. and these challenges makes it difficult to implement digital
technology enabled CE in SC. The description of institutional and regulatory barriers and
challenges is given in Table 14.

Table 14: Institutional and regulatory barriers and challenges

Category Barrier/Challenges Description References
Lack of government | There are many government regulations | (Kumar et al., 2021c);
support (B17) regarding the use of input resources and | (Erol et al., 2022);
waste disposal. However, lack of support | (Kumar et al., 2022);
from government in the form of enabling | (Shang et al., 2022)
policies discourage the adoption of CE
Institutional practices and digital technologies.
and
regulatory ook of regulations | In most of the countries, there are no clear | (Ozkan-Ozen et al.,
barrier and policies (B18) rules, regulations and policies defined for | 2020); (Ada et al,
digital technologies and CE practices. | 2021)
Organizations needs government rules and
regulations for fair competition while
adopting CE practices.

5.5 Structural and cultural barriers

People’s awareness, sensitivity and involvement towards the protection of environment can act
as an intrinsic driver and therefore, it is very important for effective implementation of CE
practices. It is the collective responsibility of every stakeholder, be it a supplier, a
manufacturer, a distributor, a retailer, or a customer, to do their bit for achieving circularity in

business practices. Sometimes, employees tend to resist the technology upgradation due to fear



of loss of jobs. Lack of trust, within the organization and among different stakeholders of SC
restrict the benefit of shared goal. CE practices can be adopted only when all the stakeholders
of SC are convinced and committed to work together towards a common goal. There are certain
structural and cultural barriers which restrict the adoption of digital technologies and CE
practices, namely hesitant company culture, lack of common vision and policy framework, lack

of support of top management, strong focus on linear business models, lack of trust among SC

partners etc. The description of structural and cultural barriers is mentioned in Table 15.

Table 15: Structural and cultural barriers and challenges

don’t put much pressure for -circular
products due to lack of awareness and

Category | Barrier/Challenges Description References
Hesitant company | Employees fear that the adoption of digital | (Zhang et al., 2019);
culture (B19) technologies may eliminate manual work | (Ada et al., 2021);
with automation thus reducing the need for | (Kumar et al.,, 2021a);
manual labour which may cause job loss. (Erol et al, 2022);
(Luthra et al., 2022)
Lack of common | The reluctance in partnership among SC | (Ozkan-Ozen et al.,
vision and policy | partners to implement digitized CE is | 2020); (Adaetal.,2021);
framework (B20) mainly because of a lack of long-term | (Kumar et al.,, 2021a);
common vision. (Luthra et al., 2022)
Lack of support from | Lack of top management support is a major | (Ozkan-Ozen et al.,
top management | obstacle to many business initiatives. Top | 2020); (Kumar et al.,
(B21) management must commit the resources | 2021a); (Erol et al,
needed and investment required in digital | 2022); (Shang et al,
technologies for enabling digital CE model. | 2022)
Lack of stakeholder | Lack of awareness among different | (Kumar et al., 2021a);
Structural awareness (B22) stakeholders about the benefits of CE | (Kumar et al., 2022)
and practices and digital technologies hinders
cultgral its adoption. Additionally, consumers also
barriers

seriousness towards environment
conservation.
Strong focus on linear | Industries are more focused towards | (Ada et al., 2021); (Erol

business model (B23)

generating profit through linear business
model and neglecting the environment
concerns.

etal., 2022)

Lack of trust among
SC partners (B24)

Trust issues among different stakeholders
of SC may limit the collaboration benefits
and also reduces the shared benefits.

(Erol et al., 2022);
(Luthra et al., 2022);
(Shang et al., 2022)

Lack of coordination | The tendency of individual benefits | (Ozkan-Ozen et al.,
and collaboration | amongst SC partners create lack of | 2020); (Adaetal., 2021);
among SC partners | coordination and collaboration. To | (Erol et al, 2022);

(B25)

overcome this, all SC partners should work
towards common goals.

(Luthra et al., 2022)

6. Discussion




6.1 Discussion on drivers and enablers

To get motivation, confidence, and to make stakeholders aware about CE practices and digital
technologies, it is important to analyse the driving forces behind these emerging paradigms. In
this review, we categorized the drivers in five categories, namely sustainability, organizational
and regulatory, technological, competency and economic drivers. Each category of drivers
contributes to the adoption of CE in different ways. For example, organizational drivers
facilitate the organizational readiness for the adoption and implementation of CE practices
through cultural changes, process efficiency, top management intervention, knowledge
management etc. whereas the technological drivers help in building the infrastructural
requirement for implementing digital technologies and CE practices. Regulatory drivers propel
the industries to adopt the CE practices in the SC and lay the guidelines to follow sustainability
compliance. The competency drivers make CE practices to cope with market trend and open
the new avenues for sustainability (Garcia-Muifa et al., 2018). SC collaboration has been
discussed as an important driver for adopting CE practices and this has several implications in
vertical, horizontal, lateral and systemic dimensions for information sharing, resource sharing,
collaborative planning and decision making, contractual and economic practices and joint
knowledge creation.

Few reviews are available in extant literature which tracks the progress of integrating
digital technologies and CE practices (Nascimento et al., 2019; Gebhardt et al., 2021; Rizvi et
al., 2021; Agrawal et al., 2022; Dongfang et al., 2022; Hettiarachchi et al., 2022; Lu et al.,
2022; Noman et al., 2022; Patyal et al., 2022; Rusch et al., 2022; Sahu et al., 2022). Kayikci et
al. (2022b) carried out some significant studies to identify the critical factors to make smart
circular SC. Subsequently, the study was extended to identify the factors using blockchain
technology to ensure circular SC (Kayikci et al., 2022a). Few important drivers extracted from

their studies include network collaboration, SC connectivity, economic sustainability,



environmental performance and global resource deployment, and circularity behaviour.
Similarly, Kazancoglu et al. (2021) identified the drivers of BDA for transition towards CE
where government incentive, talent management and information and technology management
were found to be significant. Rajput & Singh (2019) identified 26 driving factors for linking
14.0 with CE. The most significant drivers resulted from their studies were mainly related to
14.0 technology, regulation and CE practices for the adoption of circular SC. Gupta & Singh
(2021) investigated the drivers of emerging technologies for achieving CE goal in context of
COVID-19. According to them, top management commitment, allocation of resources for
R&D and availability of IT infrastructure were the most important drivers. Similar findings
were reported by Zhang et al. (2021) where they identified 14.0 related CE drivers for smart
waste management and found that regulation, top management environmental values and price-
performance of 14.0 technologies were significant drivers.

6.2 Discussion on barriers and challenges

Unrestrained resource consumption and waste generation in linear economy are some of the
very common issues faced by manufacturing industries. In order to minimize waste generation,
it is important to reduce, reuse, recycle, and remanufacture the products/parts after their end of
life. CE can resolve the issue of high waste generation by adopting restorative and regenerative
principles. Researchers have suggested that to achieve circularity in SC it is important to adopt
and implement digital technologies in all business activities. Kumar et al., (2021c) and Senna
et al., (2022) have identified a list of potential barriers of adopting digital technologies and CE
such as lack of awareness, lack of generalized framework, lack of skilled workforce, lack of
physical and digital infrastructure, lack of competency and motivation, lack of sustainable
practices, lack of effective policy and protocol, lack of circular design, fear of change of
culture. Ada et al. (2021) presented a review on barriers in adopting CE practices in food SC.

The study categorizes the barriers in seven groups, namely cultural barrier, technological



barriers, financial barriers, regulatory and government barriers, managerial barriers, knowledge
and skill barrier, and SC barriers. A systematic review was also carried out by Hina et al. (2022)
to provide clear understanding about CE business model. The authors discussed various
barriers and drivers in executing CE business model. Some of the barriers discussed in this
study are company policies, financial barrier, collaboration, internal stakeholders, and product
design. In the present study, we identified 25 potential barriers that hinders the adoption of CE
practices and digital technologies in SC. Out of these identified barriers, the frequently
occurring barriers in several studies include lack of eco-efficiency of the technological
processes, lack of physical and IT infrastructure, investment costs, and lack of stakeholder
awareness for 4.0 and CE (Bianchini et al., 2019; Zhang et al., 2019; Ozkan-Ozen et al., 2020;
Ada et al., 2021; Kumar et al., 2021b; Kumar et al., 2021c; Dutta et al., 2022; Erol et al., 2022;
Kumar et al., 2022; Luthra et al., 2022; Shang et al., 2022;)

6.3 Future opportunities for digital technology enabled circular SC

This section attempts to answer RQ3. A critical analysis of drivers, enablers, barriers and
challenges reveals that digital technology is going to play a pivotal role for transforming the
traditional SC towards circular SC. Though, there remains few critical challenges for the
adoption and implementation of CE practices, the driving force behind transition towards
circular SC has higher stake since the environmental performance of SC can be significantly
improved. A framework to delineate the way forward towards digital technology enabled
circular SC is proposed based on the findings of this study. The framework, depicted in Figure
4, has four major elements i.e., barriers/challenges, driver and enablers, intervention of digital
technology and circular performance. The barriers are to be addressed and eventually tamed
with the application of digital technologies and hence, they are linked with the drivers. This
will result in improvement of circular performance of organizations and SC. To translate this

to reality, significant efforts should be made to upgrade the digital technology infrastructure as



this will mitigate the technical constraint in CE operations and smoothen the transition towards
CE (Global Infrastructure Hub, 2021). For example, Ellsworth-Krebs et al., (2022) proposed
an idea of digital passport for the auditing as well as incentivize the reuse of packaging. This
could help the government to focus on prevention and utilize the packaging as an asset rather
than creating waste after single use only. The role of training to disseminate digital skill sets
can be augmented by digital technologies to make SC stakeholders ready for both CE and 14.0
(Kumar et al., 2021a, Kumar et al., 2022). As there exist several process barriers, this requires
an efficient technological readiness to eliminate the former (Holden, 2022). Furthermore,
technological drivers can help in increasing transparency in the SC whereas it also acts a bridge
to integrate 14.0 and CE (Rajput & Singh, 2019).

Recycling industry is considered to be an inalienable part of CE. One big issue of
recycling industry is the variable quantity of used feedstock and thus the supply management
and production planning become complicated. Digital technologies can give end to end
visibility in the forward as well as in the reverse loop of SC in real-time and thus better planning
and resource utilization can be achieved. Another complicated aspect i.e., sorting and
segregation in recycling industry can be automated using image processing and ML based
classification techniques. Besides, in the manufacturing industries, online monitoring and
classification of defects can be very helpful to reduce or eliminate process waste. All these
problems require more sophisticated algorithms of Al and ML to handle big-data and therefore,
fundamental as well as applied research needs big impetus from government and academia. It
is pertinent to mention here that the ReSOLVE framework propounded by McKinsey &
Company could extend a great help to realize CE practices. All six actions of this framework
(i.e., “Regenerate, Share, Optimise, Loop, Virtualise, and Exchange”) need to be embedded

into organization policy.
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Figure 4: Framework relating CE drivers and barriers with CE performance through digital technologies



7. Implications of the study

7.1 Theoretical implications

This study presents a holistic review of drivers, enablers, barriers and challenges of disruptive
digital technologies to achieve circularity in SC. Most of the research works in this field are
conceptual and relied on experts’ opinion. The present study makes contribution by
implementing a hybrid approach that amalgamates two advanced literature review techniques,
namely bibliometric analysis and SLR. While the former, i.e., bibliometric analysis creates an
intellectual map of the domain by identifying the impactful articles, prolific authors and
frequently occurring keywords, the latter, i.e., the SLR answers the specific research questions
pertinent to the chosen topic. This review further contributes to the existing literature by
proposing a framework integrating drivers, barriers, digital technologies and CE performances
in SC. We believe that this framework will create ripple effect in SC research fraternity by
giving a better visualization of the interactions among the elements (barriers, drivers, digital
technologies and CE performance) and it will enthuse the researchers to validate the proposed
framework.

7.2 Managerial and policy implications

This review has significant implications for SC managers and CE policy makers. First of all, it
identifies the drivers and barriers of digital technology adoption and implementation in CE
practices. More importantly, the barriers have been clustered in five groups which gives better
clarity and understanding about the roadblocks. SC managers should take a cue from the
outcome of this review and devise a balanced portfolio of strategies to combat the
organizational, cultural, technological and economic barriers so that there is seamless
integration of digital technologies and CE. For example, to eliminate the structural and cultural
barriers, a joint effort has to be made by industries, government, academia and society.

Therefore, a triple or quadruple helix model could be developed through collaborative effort



by all the stakeholders in order to promote the CE practices. Here, policy makers could also
play pivotal roles by providing support to digital technology enabled CE activities by
subsidizing capital investment and providing tax rebates. Moreover, policy makers should form
stringent environmental and energy related regulations to create institutional pressure on the

organizations for the adoption of CE.

8. Conclusions and limitations

The purpose of this present work is to explore the challenges and opportunities for disruptive
digital technologies to ensure circularity in SC. A holistic review of 187 articles is carried out
using bibliometric analysis and SLR to identify and group various drivers, enablers, barriers
and challenges. The knowledge of these identified barriers and their groups will be helpful in
making suitable strategies to scale up the adoption of digital technologies in circular SC. Thus,
through the collection and analysis of relevant literature at the interface of digital technologies
and CE, the present work provides an insightful note.

The RQI and RQ?2 are addressed by identifying the drivers, enablers, barriers and
challenges of circular SC. This includes 49 drivers and enablers; and 25 critical barriers and
challenges for the adoption of digital technology aided circularity in SC. The drivers and
enablers are clustered under five heads, namely sustainability, organizational and regularity,
technological, competency and economic drivers, whereas barriers are also categorized under
same number of heads, i.e., process, technological, economical and financial, institutional and
regulatory, and structural and cultural barriers. The RQ3 is addressed by making a framework
that depicts the interactions amongst the drivers, barriers, digital technologies and circular
performance in SC. The investigation reveals that digital technologies enabled CE practices
can significantly improve the circularity performance in SC in terms of sustainability culture,

waste management, resource optimization, product life cycle and occupational health,



technological advancement, social performance, product safety and quality and customer
loyalty and satisfaction. This review contributes by creating an intellectual map of two
emerging domains encompassing digital technology and CE. Moreover, it proposes an
integrative framework to demonstrate how the digital technologies can catalyse the attainment
of CE in near future.

Like any other review, the present one is also having some limitations. Use of only
SCOPUS database for shortlisting of articles, selective use of bibliometric analysis and absence
of network analysis (keyword co-occurrence, co-citation and bibliographic coupling analysis)
are some of the overt limitations. Besides, the present study lacks a microscopic view and is
conducted in a more generic way. Sector-wise description of drivers and barriers could have
created a better comparative analysis. Additionally, the role of these constructs in small,
medium and large enterprise may be different which is missing in this study. Future research

endeavours should be made to overcome the limitations of the present research.
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