
sustainability

Review

Leveraging Capabilities of Technology into a Circular Supply
Chain to Build Circular Business Models: A State-of-the-Art
Systematic Review

Ahmed Zainul Abideen 1 , Jaafar Pyeman 1,2,*, Veera Pandiyan Kaliani Sundram 1,2, Ming-Lang Tseng 3,4

and Shahryar Sorooshian 5

����������
�������

Citation: Abideen, A.Z.; Pyeman, J.;

Sundram, V.P.K.; Tseng, M.-L.;

Sorooshian, S. Leveraging

Capabilities of Technology into a

Circular Supply Chain to Build

Circular Business Models: A

State-of-the-Art Systematic Review.

Sustainability 2021, 13, 8997. https://

doi.org/10.3390/su13168997

Academic Editor: Fabrizio D’Ascenzo

Received: 9 July 2021

Accepted: 4 August 2021

Published: 11 August 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

1 Institute of Business Excellence, Universiti Teknologi Mara, Shah Alam 40450, Malaysia;
abideen.m@gmail.com (A.Z.A.); veera692@uitm.edu.my (V.P.K.S.)

2 Faculty of Business and Management, Universiti Teknologi Mara, Selangor Branch,
Puncak Alam 42300, Malaysia

3 Institute of Innovation and Circular Economy (Ext. 1770), Asia University, Taichung City 41354, Taiwan;
tsengminglang@asia.edu.tw

4 Department of Medical Research, China Medical University Hospital, China Medical University,
Taichung 406040, Taiwan

5 Faculty of Business, University of Gothenburg, 40530 Gothenburg, Sweden; shahryar.sorooshian@gu.se
* Correspondence: jaaf@uitm.edu.my

Abstract: The recent technological inclusions in supply chains are encouraging practitioners to
continuously rethink and redesign these supply chains. Organizations are trying to implement
sustainable manufacturing and supply chain practices to utilize their resources to the full extent
in order to gain a competitive advantage. Circular supply chain management acts as the main
pathway to achieve optimal circular business models; however, research in this area is still in its
infancy and there is a need to study and analyze how the benefits of technology can be leveraged in
conventional models to impact circular supply chains and build smart, sustainable, circular business
models. To gain better familiarity with the future research paradigms, a detailed systematic literature
review was conducted on this topic to identify the dynamics of this field and domains deserving
further academic attention. A holistic and unique review technique was used by the authors to
capture maximal insights. A total of 96 publications from 2010 to 2021 were selected from the Web
of Science core collection database through strict keyword search codes and exclusion criteria, with
neat integration of systematic and bibliometric analyses. The findings of this study highlight the
knowledge gaps and future research directions, which are presented at the end of this paper.

Keywords: circular supply chain; circular business model; circular economy; business model innova-
tion; sustainable business model; industry 4.0; systematic review

1. Introduction

The circular economy (CE) approach is a strategy used for sustainable development.
The 3R principles of CE are content elimination, reuse, and recycling based on a circular
system in which all products are recycled and reused [1]. The new economic business
model for sustainable industrial growth is based on the principle of circularity, which refers
to the productive application and reuse of energy, resources, and products. This contrasts
with the current linear economic model, which is related to the acquisition, production,
and disposal of materials within the business model [2]. The European Commission and
other EU agencies, as well as a rising number of cities and countries within the European
Union, are firmly backing CE-based business models in order to manage environmental
degradation. The term “circular economy” was first formally used in [3], while the idea of
closed systems was introduced in [4], the author of which envisaged a future economy that
would work by reproducing the limited stock inputs and recovering waste outputs.
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The CE approach is based on the first and second thermodynamic laws, drawing
on the idea that “everything is an input to everything else”. Items and manufacturing
processes are designed in such a way that waste is reduced completely and resources are
kept in use continuously by ensuring that unavoidable waste is recycled or recovered [5].
The CE approach consists of a technological cycle in which goods, components, or materials
are designed and sold to reduce waste. Circular solutions are necessary to tackle depleting
capital and emerging environmental issues. Circularity-based product planning, zero waste
management, service-based maintenance, refurbishing, and remanufacturing strategies
are needed in developing countries to save energy, materials, and resources [6]. However,
the circular supply chain (CSC) approach requires a theoretical framework to understand
how businesses benefit. It is important to introduce the CE protocols and norms in the
production supply chain, with which managers and companies can achieve supply chain
alignment [7]. The CSC approach also requires sophisticated technology to capture the
supply chain footprints and measure sustainability performance indices in the reverse chain
due to increases in complexity [8,9]. Return management methods typically lack visibility
and mobility. Businesses can implement advanced strategies by following dedicated
technologies to optimize speed and visibility [10].

Nonetheless, the effects of networks and the market structure indicate the possible
downsides and costs that firms anticipate as new strategic networks are built around the
circular economy. According to [11,12], the circular business model approach has several
drivers, such as resource limitations, development of technology, socio-economic pathways,
price and supply uncertainty, reduced manufacturing costs, and newer revenue streams
and opportunities; however, the environmental, institutional, and social costs are not
incorporated into the company expenses when making economic decisions. Moreover,
raw material prices are volatile and it is difficult for secondary or recycled resources to
meet high-quality standards [6,7]. Several business models have evolved for different
purposes with various implementation barriers [13], including circular-economy-based
business models as one among them, which are more difficult to develop as most models
rely on linearity. Nevertheless, innovation in business models focusing on the concept of
circularity is increasingly becoming a priority for governments, industry, and academia to
sustain a competitive advantage in the market [14]. Companies have been trying to cope
with unprecedented levels of technological development, serious environmental issues,
and even more stringent national and foreign regulations for many years. Unconventional
business models (BMs) and market approaches are needed to meet the current benchmarks
of sustainability [15].

This study aimed to review the literature to study how technologies have been applied
in conventional supply chain settings, and how and where such technologies could best fit
in the CSC scenario to move forward towards building a circular business model (CBM).
This study starts with the definition of the following questions to guide our literature study:

What are the current technological advancements in the circular supply chain?
What are the major challenges and barriers in implementing a circular supply chain to

build circular business models?
What are the technological inclusions in the CSC currently needed for the effective

design and implementation of CBMs?
Later, with the help of in-depth structured systematic and bibliometric analyses, we

outline the important descriptive statistics, impactful research findings, and inferences
for technological applications in CSC and the pathway to building CBMs. This article
involves an introduction and literature review section discussing the need for research and
the current trends in this field, followed by the methodology, results, discussion, future
research paradigms, and conclusion sections.
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2. Literature Review
2.1. The Circular Economy and Supply Chain

Natural resources are collected as raw materials, processed into products, and dis-
carded as waste in a linear economy-based model. On the other hand, a circular economy-
based business model tries to bridge the gap between production and natural ecosystems.
A circular economy is an industrial system that is restorative or regenerative. It seeks
to eliminate waste by responsibly designing materials, products, techniques, and busi-
ness models, replacing the concept of end-of-life with sustainable product restoration and
reuse [15–17].

Therefore, it is important to understand the concepts of these strategic models as
per the value proposition, which allows businesses to prepare and build new CE-based
models [16–18]. Although previous research has indicated the impact of culture and
regulatory policy on a firm’s willingness to address broader environmental issues and
reform their ways of doing business, several manufacturing sectors face a lack of theoretical
guidance that explains how these model transitions could be pursued in practice [5]. To
get a better understanding, Figure 1 is adapted from [19] and shows the circular supply
chain strategy in detail.

Figure 1. Circular model strategy—adapted from [19].

Circular supply chain management (CSCM) promotes sustainability by ensuring
proper collaboration, trust, and transparency to achieve long-term benefits within supply
chain networks [20–22]. Therefore, in order to set benchmarks for CBMs, it is essential to
measure the CSC performance. However, there is currently a lack of research on how to
scrutinize the procedures and performance objectives that need to be implemented within
a supply chain from a technological perspective in order to design stronger CBMs [23].

2.2. The “Digital Twins” to Understand Supply Chain Dynamics

The supply chain design of circular commodities is a huge challenge in a closed-
loop production method. Although it is obvious that all three of these entities, namely
reuse, remanufacturing, and recycling, are critical for loop completeness, they each require
unique solutions based on different contexts. Hence, good decision-making support
tools are needed [24,25]. Before implementing the reverse supply chain in CSC, it must
be dynamically viewed via simulation modeling techniques to realistically duplicate a
logistics scenario that depicts the revered logistics model’s future states [26].

Simulation blocks can connect and coordinate operations using a standardized ap-
proach to visualize the reusability of CSC’s product, process, and factory-related protocols,
since dynamic and fast-changing complex scenarios need real-time visualization plat-
forms [25,27]. The usage of simulation models can operate as a medium to facilitate
alternative solutions for real-time scenarios in industrial supply chain processes in par-
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ticular [28–30]. Moreover, the dynamic visualization also assists in determining product
life cycle features, decision-making on materials and production, inventory mitigation
measures, procurement strategies, and economic benefits in CSC [31–33].

2.3. IoT Integration Capturing Supply Chain Footprints

IoT provides continuous updates on industrial scenarios and develops and accesses
operationalized data on a consumer’s perspective on products, providing implications and
insights for reverse supply chains [34,35]. Moreover, an IoT-powered smart supply chain
model setup can directly contribute to the increase in the performance and sustainability
features of the circular supply chain [36]. However, there are few businesses that use the
Internet of Things (IoT) on a large scale [34].

In today’s environment, as the world moves toward a circular economy and sustain-
ability, IoT-integrated data-driven technology makes a smart decision by recording all
random undetectable queues and delays in the logistic system in real-time. The Internet
of Things enables the collection of data to gain a better knowledge of both actual and
predicted infrastructure conditions, as well as automate industrial processes. Industries
are always experimenting with novel data collection methods to improve decision-making
benchmarks while maintaining long-term viability [33,37,38].

IoT-backed data-driven simulation can automatically visualize complicated processes
due to its capacity to record data on queues and delays [33,39,40]. Fluctuating unpre-
dictable environments demand dynamic data-driven application systems. Furthermore,
IoT-assisted simulations can provide flexible and highly parallelizable dynamic prescriptive
decision support systems [41,42].

2.4. Artificial Intelligence and Machine Learning in Supply Chain for Predictive Analysis

Machine learning algorithms can capture the dynamic behavior of multi-agents
to store, save, and retrieve data relating to those activities, allowing them to react au-
tonomously to unpredictable situations [43]. Moreover, operational delays can also be
checked in a timely fashion using an optimal ML-based prescriptive algorithm [44–46].
It also helps to achieve this objective by feeding real-time data to the machine learning
platform [47]. The dynamics of the global supply chain necessitate meticulous logistical
planning. Machine learning can help retrieve generic knowledge of those processes to
forecast future events and react to each feedback loop in a predictive logistic setting [44].
Automated decision making in logistics systems and optimized vehicle routing are feasible
due to ML [48,49]. Furthermore, ML-powered artificial intelligence can assist in building
smart flexible process control mechanisms for supply chain 4.0 [50].

2.5. Role of Big Data, Internet of Things, and Cloud Computing Technologies in Supply Chain
Information Sharing

In supply chain management, effective data synchronization has become a chal-
lenge [51]. Supply chain partners are continuously willing to integrate, coordinate, and
create resources, business processes, and organizations to accomplish business goals [52].
However, there have always been issues with information sharing in the supply chain,
such as information distortion, information loss, and information delay.

“Big Data” is a data-gathering mechanism capable of capturing a vast amount of data
every second. Despite the fact that it is feasible to collect all information, the workers’
ineffectiveness, information unavailability, rubrics of the integration model, and less ad-
vanced digital processing software products do not allow for the rapid processing of such
a large data set [53]. Industry 4.0 requires digitalization in logistics operations, such as
transportation, warehousing, inventory planning, sourcing, and in return can provide firms
with high levels of flexibility and efficiency that are key to competitiveness in the era of
Industry 4.0. Big Data analytics help in efficient data gathering, integration, interpretation,
and reporting to various degrees [54].
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2.6. Cyber-Physical Systems in Supply Chain

In logistics, Cyber-Physical Systems (CPS) create the possibilities for transitioning
from a traditional logistics system to a smart logistics network built on actors and sensors,
allowing real-time data analysis and increased knowledge management using cutting-
edge learning methodologies. CPS can be used to improve the quality of production and
logistics processes, which directly impacts performance efficiency [55]. Furthermore, CPS
would enable greater connectivity, better digitalization, superior computational capabilities,
increased flexibility, versatility, and reusability of systems and their components. It can
build optimized smart warehouses and create sound location tracking systems and holistic
fault diagnostic methods. Furthermore, artificial intelligence, backed by digital twins
and cyber-physical systems, is making significant strides in generating new value in the
industry [56].

2.7. Blockchain-Powered Supply Chain Smart Contract

Blockchain technology adopts a decentralized distributed ledger to save paperwork
and cost, and to solve data monitoring and information security-related problems using
predefined timestamps [57]. Its security protocol can address the major flaws in present
Internet of Things technology that help standardize the current market order, enhance and
generate confidence, and modify the mode of interpersonal cooperation and commercial
relationships. We can achieve the goal of reducing supply chain management time, increase
quality, and meet demand by establishing application platforms built on blockchain, such
as blockchain credit financing, blockchain procurement financing, and so on. A bench-
mark roadmap for performance improvements and platform architectural design for the
transaction system is provided within the supply chain using blockchain [58].

3. Research Methodology

This research adopted content analysis to locate, analyze, and interpret insights from
existing literature in a systematic, explicit, and replicable way. This study critically exam-
ined previous research publications on the topic of interest, as projected in the introduction
section, to uncover systematic patterns, synthesize knowledge, and address research
gaps [59,60]. The authors were interested in looking at CSC’s latest technology adoption,
breakthroughs, and challenges, and how they can be leveraged to build efficient CBMs. On
that note, the rubrics of technological applications in a conventional supply chain scenario
were first reviewed to get an idea about the drivers, barriers, purposes, and benefits of
those applications.

This preliminary research served as the foundation for the conceptual framework
proposed at the end of the paper. During our literature search, we observed that using
broad search keywords generated a large number of results. Rather, we used a novel
approach to find the relevant content to CSC as shown in Figures 2 and 3 and Table 1.
Figure 4 shows the content analysis procedure. The review was carried out using the idea
illustrated in Figure 2, with the first level analyzing the manifest content and the second
level excavating the hidden material [61,62]. At first, the papers were collected and later
subjected to delimiting criteria. Then, the descriptive picture of the content was retrieved
along with the structural attributes, which were subsequently analyzed to find relevant
research work in the literature.
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Figure 2. Review Protocol.

Figure 3. Search protocol and Venn relationship.

Figure 4. The search strategy flow chart.
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Table 1. Search code Gamma (Secondary 1).

Keyword Combination Search Code Number of Hits

Artificial Intelligence + Supply Chain

TITLE: (Artificial Intelligence) AND
TITLE: (Supply chain)

Timespan: 2010–2021. Indexes: SCI-
EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, BKCI-S,

BKCI-SSH, ESCI.

21

Machine Learning + Supply Chain

TITLE: (Machine Learning) AND TITLE: (Supply chain)
Timespan: 2010–2021. Indexes: SCI-

EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, BKCI-S,
BKCI-SSH, ESCI.

33

Digital Twin + Supply Chain

TITLE: (Digital Twin) AND TITLE: (Supply chain)
Timespan: 2010–2021. Indexes: SCI-

EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, BKCI-S,
BKCI-SSH, ESCI.

12

Cyber-physical Systems + Supply
Chain

TITLE: (Cyber physical Systems) AND
TITLE: (Supply chain)

Timespan: 2010–2021. Indexes: SCI-
EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, BKCI-S,

BKCI-SSH, ESCI.

14

Internet of Things + Supply Chain

TITLE: (Supply chain) AND TITLE: (Internet of Things)
Timespan: 2010–2021. Indexes: SCI-

EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, BKCI-S,
BKCI-SSH, ESCI.

114

Big Data + Supply Chain

TITLE: (Big Data) AND TITLE: (Supply chain)
Timespan: 2010–2021. Indexes: SCI-

EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, BKCI-S,
BKCI-SSH, ESCI.

227

Blockchain + Supply Chain

TITLE: (Block chain) AND TITLE: (Supply chain)
Timespan: 2010–2021. Indexes: SCI-

EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, BKCI-S,
BKCI-SSH, ESCI.

21

The WoS core collection database was used for this review because the researchers
were solely interested in looking at papers that have met the Web of Science Core Collec-
tion indexing criteria through their novelty and research rigor [63,64]. They also stayed
consistently relevant to the objective of our study.

The search code was divided into three sections—Primary 1 and 2 and secondary 1
(Alpha, Beta, and Gamma). The authors wanted to first review the literature on the
technological applications in a conventional supply chain context. The Gamma keyword
search codes selected are shown in Table 1. The Alpha search code primarily focused on
the “circular supply chain”, and the Beta search code checked the role of the supply chain
in the circular business model. Overall, this type of search strategy is unique, holistic, and
the first of its kind that follows the Venn phenomenon, as shown in Figure 3. Figure 3 was
added to snowball the insights, derive clear understandings about the research topic from
Gamma towards Alpha, and finally answer the proposed research questions.

3.1. Search Code Alpha (Primary 1)

In the beginning, the applied WoS keyword search was “Circular Supply Chain—
Topic” which gave 1150 hits, so the search code was confined to title search as shown below.

Circular Supply chain: Title—133 Hits, Timespan: 2010–2021. Indexes: SCI- EX-
PANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, BKCI-S, BKCI-SSH, ESCI.
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3.2. Search Code Beta (Primary 2)

TITLE: (Circular Business Model) AND TITLE: (Supply Chain) Timespan: 2010–2021.
Indexes: SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, BKCI-S, BKCI-SSH, ESCI. Six
hits were achieved.

Targeting the keyword “Supply chain” with the TITLE search tab with other keyword
combinations gave the following results as shown in Table 1 below.

The primary data set (Alpha—CSC) and the secondary data set (Beta (CSC + CBM))
were carefully examined. A total of 96 papers were finalized for this study after reading
the title, abstract, and full text (only where available). Results from the Gamma search
were used only to retrieve insights from the technological inclusion in the supply chain in
general. The exclusion criteria were strictly confined to articles published only in journals
in the English language. Conference papers were excluded since the research rigor, data
analysis, and scope of research were limited. The timespan for this review was fixed from
the year 2010 to 2021. The method of data extraction and content analysis is mentioned
in Figures 2–4, and Table 1, this helped to retrieve, tabulate, arrange, and systematize
insights and build a conceptual framework for the business practitioners who are trying to
understand and overcome the barriers in the technological adoption in the circular supply
chain and the building of circular business models.

4. Results

The publication trend retrieved from the final data set is tabulated in Table 2. After
a close look at the trend, from 2010 to 2017, it is understood that the concept of CSC and
CBMs was not given much importance due to the lack of need and awareness. However,
it suddenly saw a steep rise in 2018. Moreover, the authors conclude that the increase in
sustainability norms in the production supply chain was the main reason behind the rise.
The technological inclusions in CSC were also evident. Table 3 displays the journal sources
where the Journal of Cleaner Production tops the list with 18 publications, followed by
Resources Conservation and Recycling, Sustainability, International Journal of Production
Research, Production Planning and Control, Business Strategy and the Environment,
International Journal of Logistics—Research and Applications, and International Journal of
Logistics Management.

Table 2. Publication trend and CSC evolution (ES: Environmental Sustainability, CE: Circular Economy, WTE: Waste-to-
Energy, PaaS: Product as a Service, SaaS: Software as a Service, CBM: Circular Business Model, IR 4.0: Industry 4.0, RL:
Reverse Logistics, CSC: Circular Supply Chain).

Year of Publication Concept/Idea Number of Publication Supply Chain Domain

2010 ES 1 Green supply chain

2011 ES 1 Green supply chain

2015 CE, WTE 1 Materials supply chain

2016 WTE 2 Materials supply chain

2017 CE 4 Construction, industrial supply chain

2018 PAAS, CE, CSC, CBM 11 Industrial, manufacturing, chemical supply
chain (closed loop)

2019 IR 4.0, RL (CSC) 19
Global supply chain (industrial, healthcare,
food, chemical, construction, and fashion

supply chain)

2020 CE, IR 4.0, RL (CSC) 20 Food (meat/cold chain), automotive (electric
battery) supply chain

2021
CE, IR 4.0 (IoT, BD, AI,

DT, BC), CSC, RL, CBM,
PaaS, SaaS)

23 Food, agricultural, plastic, healthcare,
manufacturing supply chain
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Table 3. Publication source.

Source of Publication No

Journal of Cleaner Production 18

Resources Conservation and Recycling 9

Sustainability, International Journal of Production Research 7

Production Planning and Control 6

Business Strategy and the Environment 5

International Journal of Logistics—Research and Applications 4

International Journal of Logistics Management 3

Journal of Enterprise Information Management, Management Decision, International Journal of Production Economics,
Management of Environmental Quality, Journal of Fashion Marketing and Management, Journal of Theoretical and

Applied Electronic Commerce Research
2

Industrial Management and Data Systems, International Journal of Operations & Production Management, Waste
Management and Research, Packaging Technology and Science, Information Systems And E-Business Management,

Reaction Chemistry and Engineering, Progress In Photovoltaics, Journal Of Industrial Ecology, Acs Sustainable
Chemistry and Engineering, Resources-Basel, Logforum, International Journal of Sustainable Engineering, Computers &

Industrial Engineering, Plant Biosystems, Benchmarking-An International Journal, Omega-International Journal Of
Management Science, Waste Management, Supply Chain Management-An International Journal, International Journal
of Productivity And Performance Management, Decision Support Systems, Global Business Review, Current Opinion In
Chemical Engineering, Journal Of Environmental Management, Sustainable Production and Consumption, Johnson

Matthey Technology Review

1

Authors thoroughly read the title and abstract of all the papers in the final data set and
scrutinized the research done according to sectors and research areas in order to acquire
Figures 5 and 6, respectively. Figure 5 displays the percentage of research contribution
according to the sector. A considerable amount of research has been done in the food,
energy, manufacturing, and chemical sectors, and more focus has to be diverted towards
healthcare, fashion, agriculture, and electronics. Figure 6 portrays the research contribution
according to the production cycle, starting from design to technological inclusions. Circular
business models have received very little attention. End-of-life management, procurement,
resource consumption, and logistics also need considerable attention.

Figure 5. Percentage research contribution based on industry.



Sustainability 2021, 13, 8997 10 of 26

Figure 6. Classification according to research area.

The authors were also interested to review the data and learn how much research was
done in economic, social, and environmental sustainability. After a thorough reading of
the abstract and title of each article of the data set, inferences for Figure 7 were obtained.
Figure 7 concluded that environmental aspects were given the utmost importance along
with economic (profit or performance-oriented) business solutions. More research is needed
to integrate all these types of sustainability, as shown in Figure 7.

Figure 7. Research work on type of sustainability.

Table 4 shows a selected set of the latest research on the integration of technological
tools in the conventional supply chain. Table 5 portrays the research link strength (key-
word coupling) derived from the Vosviewer software to determine the research relevance
between these technological applications in the supply chain scenario. The items that are
italicized denote areas with less research work.



Sustainability 2021, 13, 8997 11 of 26

Table 4. Latest commendable work and findings. (AI: artificial intelligence, ML: machine learning, DT: digital twin, IoT:
Internet of Things, BD: Big Data, CPS: cyber-physical systems, BC: blockchain).

Author Research Area of Research Findings

AI [65]

Designed conceptual model to test for
environmental process integration and

collaboration with the green supply chain,
using BDA-AI technology.

Green supply chain
(hospital

environmental
setting)

Environmental process integration
and green supply chain

collaboration have a significant
impact on environmental

performance.

[66]

Designed a performance assessment model,
which combines specific issues with the most

significant KPIs for each module of the
supply chain management through data

mining and AI.

Supply chain
sustainability
(automotive

industry)

Enables the entire monitoring,
communication, analysis, and

improvement of the SCM system for
overall sustainability.

[67]

Projected regression models and models of
neural networks for performance assessment

using the statistical measure of root mean
square error (RMSE) and Theil’U Statistic

Value.

Supply chain
forecasting (sugar

production)

The optimal consumption rate,
production supply, import rate,

export percentage, and inventory
supply were provided.

ML [68]

Examined the optimum performance of 10
ML classification algorithms for the objective
of false temperature alert identification using

real-world data from a large multinational
logistics service provider.

Pharmaceutical
supply chain
(temperature

control)

The features displaying an absolute
temperature deviation and cargo

position along the SC were
ascertained precisely.

[69]

Developed a model based on the use of a
machine learning (ML) methodology for

on-demand forecasting with long-short-term
memory (LSTM), in which the demand is

projected to gain accurate demand
information and avoid overstocking or

understocking.

Stock consignment
(manufacturing
supply chain)

ML-RFID model is more profitable
than the old system.

[9]

Using a machine learning approach and
Bayesian modeling, a decision support
system was proposed for managers to
forecast an organization’s likelihood of

successful blockchain adoption.

Machine learning
and blockchain

integration
(environmental

context)

The findings assist to identify the
main influential variables for
blockchain adoption such as

competition pressure, partner
preparedness, perceived utility, and

perceived ease of use.

[70]

Proposed an innovative way to addressing
the question of solving big stochastic

optimization problems using machine
learning models.

Transshipment
(blood supply

chain)

The average daily cost drops by
around 29% compared to present

policy using a trained neural
network model, whilst optimal

policy diminishes daily cost by 37%.

DT [71]

In a multi-level CPS framework, a
cyber-physical logistics system (CPLS) was

presented that is coordinated with the agent
cyber-physical production systems.

Supply chain
logistics

Established an SC and production
plan based on the DT simulation

results.

[72] Based on mechanistic modeling, a digital fruit
twin was created. Food supply chain Forecast temperature across fruit

supply chain to avoid losses.

[73]

Presented the reasons and mitigation
methods for the SC ripple effect, and

presented the redundancy, flexibility, and
resilience control architecture.

Supply chain
disruption

management

Better supply chain risk analytics for
disruption risks and the ripple effect

in digital supply chains.

IoT [74] Suggested an alternative method for building
confidence in IoT supply chains.

Supply chain data
processing and

storage
Better supply chain viability.
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Table 4. Cont.

Author Research Area of Research Findings

[75]

Proposed the theory and methods of
collaborative supply chain management and
the information interchange protocol for the

bullwhip phenomenon

Collaborative
supply chain cloud

Better supply chain information
sharing with reduced operating

costs and improved market
competitiveness.

[76]

Analyzed the interrelationship between
players and the cause-and-effect magnitude
with respect to IoT-based food model with
fuzzy-decision-making trial and evaluation

laboratory (F-DEMATEL)

Agricultural supply
chain

(risk assessment)

Better strategic planning by IoT
technologies application in

agricultural food supply chain.

[77]

The circular supply chain (CSC) framework
for end-of-life management was proposed to
meet the information infrastructure needs in a
specific scenario for the recovery of electric

vehicle battery (EVB) cells.

Electric vehicle
battery (supply

chain)

The implementation of a digital CSC
information infrastructure was

presented as a heterogeneous IoT
network.

[78]

Verified communication interface centered on
Big Data, green supply chain, and near field

communication module between the
agricultural product supply chain data
acquisition terminal and the collecting
terminal module and auxiliary devices.

Agricultural supply
chain

Acquired real-time traceability
monitoring system for agricultural

product supply chain.

CBS [79]
The machine tool indicators were integrated
into a cyber-physical system for quick and

real-time data capture.

Sustainable supply
chain (Industry 4.0)

A new key performance indicator
(KPI) was developed to monitor and

measure the sustainability of
machining processes in a green

supply chain (GSC).

[80]
Developed conceptual guidelines of food

production system structuring with
cyber-physical systems.

Food supply chain
systems

A data-integrated evaluation system
that enabled the organization’s core

supply chain, nutritional and
environmental property integration.

[81]
Proposed an IoT assisted cyber-physical

system with a fault detection technique using
a fuzzy algorithm based Boolean model.

Supply chain
optimization (CPS

integration)

Eliminated the ambiguity in the
detection method and assisted in the

component classification of faulty
items in IoT assisted cyber-physical

system.

BD [65]

A partial least squares regression-based
structural equation modeling method was

used to test a sample of data from 168 French
hospitals.

Healthcare supply
chain

(environmental
sustainability)

Projected the moderating role of
green digital learning in the

relationships between BD/AI and
green supply chain collaboration.

[82]

Evaluated Big Data analytics (BDA) drivers in
the context of food supply chains (FSC) for
transition to a circular economy (CE) and

sustainable operations management (SOM).

Circular
economy-based

food supply chain

Independent factors include
information management and

technology, governmental incentive,
and management team capability;

dependent variables include
organizational commitment and

operations efficiency.

[83]

Suggested a decentralized, reliable, flexible,
and learning framework based on blockchain
and adaptive network-based fuzzy inference
systems (ANFIS) approaches for evaluating
the performance of the service supply chain,

called Di-ANFIS.

Smart service
supply chain

Performance assessment system that
offers an agile and diagnostic

paradigm in an intelligent and
learning process.



Sustainability 2021, 13, 8997 13 of 26

Table 4. Cont.

Author Research Area of Research Findings

[84]
Proposed a state-of-the-art supply chain

topology within the Big Data and blockchain
fusion development platforms.

Provided benefit models of producer
and retailer on cost-sharing and

revenue-sharing.

[85]

Identified the Big Data analytics
(BDAs)-based enablers of supply chain

capabilities (SCCs) and competitiveness of
firms.

Supply chain
adaptability
capabilities

Optimized supply chain costs by
extracting valuable information for

producers and retailers.

BC [86]
Investigated blockchain paradigm in an
Industry 4.0 environment from Big Data

perspective in supply chain management.

Blockchain in
supply chain

(chemical logistics)

Better elements of the big data and
blockchain architecture scalability

and functionality.

[87]

To maintain safety, quality, and consumer
trust in the supply chain of capture fisheries
goods, a blockchain technology architecture

model with a product traceability mechanism
was designed.

Blockchain in
fisheries supply

chain (agricultural)

Comprehensive design of the
application of blockchain technology

for product traceability,
transparency.

[88]

Focused on supply chain coordination under
the combined effects of blockchain technology

and random demand, and was based on
disruptive innovation and Stackelberg

noncooperative game theory.

Supply chain
coordination with

blockchain
technology

Optimal supply chain revenue with
reduced supply chain risk.

Table 5. Keyword link strength of AI, ML, DT, IoT, CBS, BD, BC. (AI: artificial intelligence, ML: machine learning, DT:
digital twin, IoT: Internet of Things, BD: Big Data, CPS: cyber-physical systems, BC: blockchain).

Link Strength

Low Sustainability Organizational
Information

Neural
Network

Demand
Forecasting Model Supply Chain

AI
High Big Data

Decision
Support
Systems

Simulation Genetic
Algorithm

Supply Chain
Management Framework

Low Credit Risk Design Sustainability
Supply Chain

Risk
Management

Bankruptcy
Prediction Attitude

ML

High Machine
Learning

Selection
Model

Demand
Forecasting

Fuzzy
Integration

Vector
Machine Supply chain

Low Resilience Framework Digital Twin Supply Chain
DT High Simulation Analytics Big Data Future Management

Low Agricultural
Supply Chain

Supply Chain
Finance

Supply Chain
Visibility SCOR RFID Food Supply

Chain
IoT

High IoT Logistics Framework Supply Chain
Management Technology Industry 4.0

Low Supply Chain Ontology Fuzzy Design Simulation Internet of
Things

CBS
High Digital Twin Genetic

Algorithm

Cyber
Physical
Systems

Sustainability

Low
Supply Chain

Risk
Management

Risk
Assessment

Differential
Game

Big Data
Marketing

Adoption
Intention

Big data
Mining

BD

High Predictive
Analytics Data Science Supply Chain

Management Performance Logistics Integration

Low Supply Chain
Design

Geographical
Information Framework

BC
High Supply Chain Traceability Performance
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Bibliometric Analysis of the Alpha and Beta Data Set

Combining a systematic review and bibliometric analysis yields greater insights and
facilitates the analysis of research gaps and future research opportunities. Both are a
combination of descriptive analysis that can best use the information contained within the
data set to better understand the current research and its limitations [33]. The bibliometric
coupling on the “All keywords” option for the final 96 data sets was conducted using
Vosviewer. As shown in Figure 8, with full counting option criteria (minimum number
of occurrences of keywords—3), out of 304 total keywords, 49 met the requirements. The
results from the bibliometric keyword coupling (Figure 8) show various insights. There
are four major clusters (yellow, red, blue, and green). Table 6 shows the keyword cluster
combinations. Based on these results, the research orientations and directions were finalized
by the authors that helped design Figure 9. According to [89], the keyword denotes the
research topic. The larger nodes indicate that there has been extensive research done in
that area, and nodes that are close suggest that the percentage of relevance between them
is very strong. Each research area is represented by nodes that are either the least or the
most relevant.

Figure 8. Keyword coupling.

Table 6. Keyword cluster of final data set.

Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5

Big Data
Business models

China
Framework
Industrial
symbiosis

Information
Integration

Internet
Logistics

Opportunities
Strategies
Systems

Conceptual
Framework

Design
Eco-efficiency

Life-cycle
assessment

Performance
Measurement

Product
Quality
Strategy

Barriers
Challenges

Consumption
Drivers

Emission
Food

Industry
Optimization
Perspectives

Recovery

Evolution
Implementation

Innovation
Perspective

Reverse logistics
Sustainability

System
Transition

Waste

Economy
Future

Green impact
Performance
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Figure 9. Identified research paradigm.

The findings of this analysis demonstrate that in the context of the circular supply
chain, innovations in business models have not yet been given much attention since the
nodes are farther apart and least relevant. The only technological tool that has been widely
used is Big Data. Research on green impact, life cycle assessment, implementation barriers
and challenges, and potential for transitioning to a circular business model requires further
attention. In Table 6, the cluster analysis is neatly tabulated and presented to get a clear
picture of the research clusters (keywords) and their relevance. Cluster 5 in the last column
is the least significant column, and it ascends in significance up to column 1. Researchers
need to focus on research areas in columns 5, 4, and 3, and integrate research topics between
the clusters [33].

5. Future Research Directions of (AI, ML, DT, IoT, CPS, BD, and BC) in Supply Chain
(Derived from Tables 5 and 6 and Figure 8)

The data sets from the Gamma search code results were analyzed with the Vosviewer
software. The keyword link strength showed the research intensity and connections
between the different research directions [33]. The keywords or research topics with low
link strength (bold and italic) corresponding to each technological tool are written inside
the green rows in Table 5. The combined insights acquired from Tables 5 and 6 and
Figure 8 give various conclusions in terms of research gaps and future research agendas
as shown in Figure 9. The keyword combinations were analyzed to retrieve the link or
usage strength of the keywords mentioned in the articles. According to the results obtained,
AI + ML needs to be applied more to improve the sustainability aspect of the supply chain.
IoT + BD should focus on SC risk assessment and adoption strategies. BC needs to assist in
managing effective SC footprints with proper geographical information systems. DT and
CPS should focus on SC resilience and increased application of fuzzy-based approaches for
better results.
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6. Discussion
6.1. Circular Supply Chain—Developments and Barriers in Technological Adoption

CSCM (circular supply chain management) has proven to be a valuable contributor
to sustainable development [90]. Circular thinking is a promising answer for sustainable
development and reducing the economic model, which minimizes resource input, waste,
emissions, and energy leaks, without compromising growth and profitability. At the same
time, the sustainability performance of the CBM and the circular supply chains must be
measured. The CBMs range in complexity and the circular supply chain’s value proposi-
tion can help achieve sustainability objectives [91]. Industry 4.0-assisted circular economy
models and solutions have been created to turn products at the end of their lifecycle into
new products with diverse uses. The adoption of digitalization techniques in the circular
economy can enable circular supply chain management. Managers and policymakers, how-
ever, require more empirical measurable evidence at this time [92]. The lack of government
backing, subsidies, policies, and protocols are major barriers to the implementation of
CBMs [93]. With increasing globalization and digitalization, organizations have started
changing their business processes to be more sophisticated, customer-centric, and sustain-
able [93–95]. Lack of market governance and weak collaboration of supply chain actors
(stakeholders) seem to be the most prominent barriers towards the implementation of CSC
and CBMs [96]. The authors have projected a set of barriers in CSC to attain CBMs in
Table 7. Based on the framework portrayed in Figure 1, Table 7 was formulated. Columns
three and four in Table 7 show the CSC-related barriers and area of research, respectively.

Table 7. Challenges and barriers in CSC and CBM implementation.

Authors Research Agenda Barriers/Challenges
Application/

Industry/
Country

[97] Waste-to-energy (WTE)
Technological adoption

Governmental regulations
Financial capital investment

Bio-gas production
(energy sector)

[96] Circular food supply chain

Weak environmental regulations and enforcement
Lack of market preference/pressure

Lack of collaboration/support from supply chain
actors

Food supply chain/China

[98] Textile supply chain Lack of polystyrene recycling knowledge
Reverse logistics strategies Polystyrene supply chain/Brazil

[10] Fashion/textile supply
chain

Cost of return
Handling complications

After sales loss
Retail industry/Europe

[99]
Food supply chain

(prepacked/single-use
plastic)

Understanding consumer behavior
Knowledge of feedback loops
Cost and time to implement

Existing inconsistent waste infrastructure

Food packaging/UK

[95] Industrial circular supply
chain

High investment
Low clarity and knowledge

Data security
Lack of management support and skilled workforce

Lack of decentralized supplier collaboration

Industry 4.0

[94] Product life cycle
management

Lack of mandatory requirements and responsibilities
for manufacturers/suppliers

Lack of government support for environmentally
friendly policies

Lack of effective recycling policies to achieve quality in
waste management

Apparel supply chain/Turkey

[93] Industrial circular supply
chain

Lack of government support and incentives
Lack of policies and protocols Industry 4.0
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6.2. Circular Business Model Structures

There are four types of circular business models evolving in the industry, as shown in
Figure 10. The circularity-based business model focuses on recall, reuse, refurbishment, and
reverse logistics, with the circular economy as the main catalyst aimed at environmental
sustainability. To adapt to this model, raw materials are responsibly procured at an
affordable price. Next is the waste value generation or end-of-life extension model, in
which the product’s design is centered on extending the product’s life cycle. The third form
of CBM is the intensifying kind, in which the client leases the product for a set amount
of time. The fourth type focuses on minimalizing the material usage to meet zero landfill
standards and completely transforming it into a software product.

Figure 10. Types of CBMs and conceptual linkages—adapted from [100].

Following a thorough assessment of the literature data set and past research work,
the authors made recommendations for technological tools and their associated points
of inclusion in the first kind of circularity-based CBM model outlined above, as seen in
Figure 10. This is primarily because CSC plays a significant role in improving, standardiz-
ing, and aiding in this circularity-based CBM. Furthermore, as shown in Figure 11, they can
be referred to by researchers as future research objectives in terms of technology inclusion
in the respective domain areas in order to improve and develop the CSC further to build a
circularity-based CBM.
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Figure 11. Proposed CSC operational model.

6.3. A Pathway towards a Smart Sustainable Circular Supply Chain

The authors thoroughly examined all aspects of technological inclusions in the supply
chain, as well as the respective specific domain or location in the chain, in order to develop
a proposal of ideas or a future research paradigm (framework) that can strengthen circular
supply chain logistics and introduce technological innovation in circular business models.
The previous studies’ research gaps, limitations, and recommendations for further study
were compiled to create this model. According to the resource-based view paradigm,
technological innovation is a direct contributing resource for an organization’s competitive
advantage [101,102]. A neat schematic is shown in Figure 11.

6.3.1. Inclusion of Machine Learning for Smart Sustainable Procurement

A machine learning algorithm can absorb humungous data patterns, create a pre-
dictive analytics platform, and build better decision support systems for many applica-
tions [103]. On top of this, an optimized real-time circular model to enhance the value
creation in a sustainable supply chain network will require a data-driven gateway backed
up by IoT-integrated hybrid simulation modeling and machine learning. Effective demand
forecasting for a responsible and smart sustainable supply chain with circular parame-
ters requires a sophisticated ML heuristic [104]. The review results show a need for an
enterprise-level ML application platform for precisely forecasting demand while coordinat-
ing with the circularity of resources, avoiding the excess accumulation of waste.

6.3.2. Blockchain Ledger for Supply Chain Finance

Today, customers like to track and trace their products [57]. A blockchain ledger can
create both safety and integrity as well as help in supply chain financial transactions in a
manner that could ease the complexity of the circular model. Blockchain, digital currency’s
underlying technology, possesses decentralizing, security, anonymity, and non-tamping
features. Supply chain financing is a concept wherein banks link core businesses with
upstream and downstream businesses for customizable payment methods. BC enhances
financial circulation and information flow efficiency, decreases costs, and provides the
appropriate supply chain stakeholders with improved financial services [105,106].
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6.3.3. Smart Robotics (CPS) and Big Data-based Central ERP System (Manufacturing
Shop Floor)

The refurbishment process needs sophistication, and human errors are prone to hap-
pen. The authors propose a cyber-physical system that coordinates these processes along
with normal operations. The bill of materials section, the materials planning component,
and the master production schedule may crash. Hence, a smart ERP system and Big Data
cloud computing for data storage are proposed at this level.

6.3.4. Cyber-Physical Systems Assisted Smart Warehousing (Augmented Reality)

The warehouse is where all the reassembly, reworking, repacking, and rescheduling
for the reverse supply chain occur. Through this study’s inferences, the authors suggest
the installation of cyber-physical systems in the area of smart packaging, sorting, material
handling, and pallet storage and retrieval. Automated warehousing systems play a vital
role in industrial structures and are usually governed by hierarchical and centralized
control architectures and standard programming techniques [25,107]. Cyber-physical
systems have brought about a significant transformation. We consider that they are suited
for application in many types of transport and material handling systems, especially
automated storage systems. As a kind of cyber-physical system (CPS), automated storage
technologies require multiple components to cooperate in order to achieve the unified
business goals of sophisticated logistics systems. Several key performance indicators (KPIs)
can be monitored during joint operations to understand the competence of the warehouse
and to monitor decisions [108].

6.3.5. Augmented Reality

Based on the current findings, cyber-physical systems can be linked and merged with
an augmented reality-based setup to enable human control and support without the need
for a physical presence. These concepts are relevant and help reduce physical interaction
in the present pandemic when industries and businesses are suspended. An operator can
control procedures, including both micro-macro logistics and production, from a remote
location through virtual, augmented reality.

6.3.6. IoT powered Digital Twin (To handle Complexities in Reverse Logistics Model)

Strategic and robust simulation models are required to make efficient and cost-effective
decisions [33,109]. Digital twins will play a major role in forecasting future dynamics.
Optimum network design, inventory management practices, supply and distribution
techniques, logistics integration, outsourcing and procurement approaches, and other
related systems must be mapped and monitored in the supply chain system [110,111].
Demand-specific uncertainties like work in process time, lead time, supply chain queues,
delays, etc., play a major role in the supply chain that can easily be projected using a
simulation model [18,112,113]. However, to establish and perfect real-time data monitoring
systems in the supply chain network, tools like IoT are also needed [114].

Therefore, simulation modeling, if integrated with IoT, can establish dynamic and vir-
tual supply chains along with traceability and tracking options [115]. IoT-based modeling
allows supply chains to use virtualizations to actively assist manufacturers in grappling
with perishable products, volatile supply fluctuations, safety, and sustainability specifi-
cations. Virtualization allows supply chain members to track, manage, schedule, and
automate logistics networks remotely and in real-time over the Internet, focusing mainly
on physical reality instead of post-data observation [116,117]. While the latest revolution in
digital transformational technologies provides new opportunities, logistics models should
be re-evaluated by data-driven platforms. Extracting insights from operational data assists
in predicting uncertainties and reducing inefficiencies in logistics operations by making
them more resilient and sustainable [118,119].
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6.3.7. Reinforced Learning Application in the Circular Supply Chain and Reverse Logistics

All parameters/variables required to simulate the dynamic complexity of the logistic
model in actual time will help us identify the logistic model’s segments and dynamics.
This can be strengthened further by machine learning and prescriptive reinforced decision
support systems. In the literature, this combination has received very little attention. Fur-
thermore, at this time of crisis where there are shortages of goods, these smart technologies
are critical for a circular supply chain environment. Further study is necessary to elucidate
theoretical elements of the circular loop. A complete description of resources systems must
be set to increase future business development with the most efficient usage of resource
elements [120].

7. Future Research Direction

CBMs are designed, developed, and practiced according to their purpose and func-
tionality. Global demand for products and service consumption is growing at a rapid pace.
Customers expect sustainable brands that are smart. More research should be focused on
developing state-of-the-art machine learning algorithms to get hold of sustainable procure-
ment and demand forecasting. IoT-assisted data-driven digital twins can be integrated
with reinforced learning platforms to assist truck route optimization, automated warehouse
storage and retrieval systems, and other micro and macro reverse logistics procedures.
This idea can be streamlined to build a prescriptive decision support system. Augmented
reality coupled with cyber-physical systems could assist in the refurbishing, re-assembly,
and packaging division at the shop floor or warehouse level. The benefits of Big Data
and blockchain technology can be leveraged at the procurement and production levels to
build smart contract-based ledgers which allow the stakeholders to effectively track and
trace the source of the product in the CSC. Moreover, since the product volume would be
doubled at the manufacturing facility for product recall, reuse, and refurbishing processes,
smart enterprise resource planning (ERP) is needed. A combination of Big Data and cloud
computing technology can address this issue by building wireless ERP systems for the CSC.

8. Limitations of the Study

This study utilized only the Web of Science core collection database as mentioned
in the methodology section. Researchers can opt for the inclusion of other databases
for additional insights. Moreover, there is a possibility of missing some keywords at the
keyword selection stage since the technology-related terminology is not standard yet. Other
advanced keywords, such as deep learning, augmented virtual reality, machine vision,
Industry 4.0, etc., can be included in future studies.

9. Conclusions

To conclude, the findings of the research show that more work still has to be carried out
to ascertain what technological inclusions are needed, to what degree, targeting which area
or domain of the supply chain, and how to use them efficiently to transform a conventional
business model into a circular model. The main agenda that should be fulfilled to create
a circular business model is circularity, or circular inputs that replace linear inputs with
fully renewable resources and completely recycled materials. A sharing platform where
businesses encourage collaboration among users to maximize the use of assets is ideal.
A new service-based paradigm known as Product as a Service (PaaS) exists in another
dimension, in which the customer does not buy the equipment but rather uses it as a
service and returns it. Rework and refurbishment can extend the life cycle of a product in
some situations.

Companies must work with suppliers and design goods that follow a circular supply
chain to have a circular life cycle. Remanufacturing has a crucial role to play in the
achievement of a circular economy. It decreases the impact on the environment, boosts
profit margins, reduces supply risk, and reduces lead time. Corporations need to redefine
customer connections in this supply chain so that old products from customers may be
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tracked and collected. New technology and circular business models are essential for
enabling a circular economy, yet they are still insufficient. We must engage customers to
hasten this shift, as consumers expect items that are circularly designed and eco-friendly.
Companies can create supply chains and infrastructure that allow for successful and
efficient reverse logistics. There are only a few prerequisites for organizations and supply
chains to migrate to a circular economy: transparency, visibility, innovation, and efficiency.

For the next five years, industry leaders will be focusing on gaining a competitive
advantage. Corporations will seek to win market share by incorporating creativity into their
business models, establishing reverse cycle capabilities, and utilizing the brand strength
of leading companies. The economic outcome and feasibility of this approach are greatly
impacted by the relationship between consumer behavior and the manufacturer’s strategic
decisions [121]. Incorporating technology into various circular business strategies aids
across multiple design choices in circular value chains. They may be routinely investigated
as modules and their data tracked during the simulation period. According to industrial
system parameters, product returns can be considered at varying levels of price, quantity,
and timing [24]. In addition to that, since the circularity further needs historical and up-to-
date information to build a strong decision support system, the data-driven gateway shall
assist in creating a resilient benchmark.

The literature on reuse or remanufacture is very limited in assessing the environ-
mental, economic, and social impact of different variants of remanufacturing processes in
organizations [100,122]. Furthermore, studies on how supply chain and logistic networks
have to be designed for circular business models for various platforms such as SMEs and
other public sectors, etc., are very scarce [38]. This study shall be a steppingstone for other
empirical and qualitative studies that are yet to come.
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