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Abstract: In the wake of Industry 4.0, circular supply chain management has undergone radical
transformations. Organizations have been able to boost their efficiency thanks to incorporating
Industry 4.0 technologies such as big data analytics, the internet of things (IoT), blockchain, cloud
computing, artificial intelligence, etc., into various supply chain functions. Since circular procurement
(CP) is an essential part of circular supply chain management, it can provide fresh chances for
organizations to become more efficient and sustainable. With the support of Industry 4.0 technologies,
CP can provide extra opportunities for accelerating the shift to the circular economy. Although
research into the intersection of procurement and Industry 4.0 continues to advance, no review
study has examined the implications of Industry 4.0 in CP. Therefore, this research aims to address
this knowledge gap by systematically reviewing the existing literature about the applications of
Industry 4.0 technologies in CP. A total of 89 journal articles were selected from Scopus and Web
of Science databases to identify the themes discussed and set an agenda for future research. A
conceptual framework is also developed to evaluate the antecedents, enablers, and performance
outcomes of Industry-4.0-enabled CP. Finally, the review concludes by highlighting the theoretical
and practical implications.

Keywords: industry 4.0; circular procurement; circular supply chain management; enablers;
antecedents

1. Introduction

The concept of a circular economy (CE) has gained traction during the last several
decades [1-3]. As an industrial economy, the goal of the CE is to achieve sustainability
via restorative designs and objects [4]. The foundation of CE is a closed-loop cycle of
resource reuse, remanufacturing, recycling, and recovery that improves both economic and
environmental outcomes [5].

With the emergence of the CE, circular procurement (CP) emerged. It represents the
incorporation of circularity in the procurement function, in which businesses aim to acquire
regenerated biological resources in pursuit of a zero end-of-life philosophy [6]. Ref. [7]
argue that CP can be a tool to advance the CE agenda since resource efficiency, durability,
reuse, refurbishment, recyclability, and purchasing recycled materials are all aspects of
the CP framework. Leveraging the natural environment, CP allows for the recycling of
materials and the creation of new resources from by-products [8]. As a result, CP can
contribute to achieving zero waste by fostering reuse, reduce, recycle, remanufacture, and
repair activities. This CE practice also seeks to revitalize materials and create new industrial
relationships across various supply chains [6,9,10].

Recent research has shown that the emergence of Industry 4.0 technologies (e.g., the
internet of things (IoT), blockchain technology, big data analytics, artificial intelligence,
etc.) plays a significant role in easing the implementation of CP [5,11,12]. Unlike conven-
tional procurement models, which hamper certain product or service acquisitions (e.g.,
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product-service software systems), the development of new procurement processes based
on Industry 4.0 technologies can facilitate the agile relational orientation necessary for
the digital transition of industrial organizations [13]. By automating procurement pro-
cesses, Industry 4.0 technologies connect the firm with its suppliers and support dynamic
coordination and cooperation of the procurement function [14].

While the literature on the nexus of procurement and Industry 4.0 is constantly pro-
gressing, it remains scattered, with no review examining the role of new technologies in
the transition toward CP. For example, [15] conducted a systematic literature review on the
applications of Industry 4.0 technologies in procurement processes and reveal nine value
propositions of procurement 4.0. The authors of [16] studied the impact of digitalization
on procurement and the barriers hampering the implementation of procurement 4.0. The
research shows that digitizing the procurement process can lead to many positive outcomes,
such as improved daily administrative and business operations, effective decision-making
procedures, high organizational efficiency, better productivity, and new business models.
While these studies offer a starting point for comprehending the impact of Industry 4.0 on
procurement, there is a need for additional research to clarify how Industry 4.0 technologies
accelerate the transition toward CP. Motivated by this knowledge gap, the current article
integrates the literature on CP and Industry 4.0. This research aims to provide a compre-
hensive overview of the state-of-the-art literature on the role of Industry 4.0 technologies
in the transition toward CP and set an agenda for future research. A systematic review’s
fundamental goal is to analyze the issue at hand and pinpoint potential new avenues of
research by methodically collecting evidence from a wide range of relevant publications. In
this study, the following research question will be addressed:

- What is the role of Industry 4.0 technologies in the transition toward CP?

This study makes significant contributions and adds insights in several areas. First, it
helps advance the state of the knowledge in the CP field, which represents a transformative
sustainability tool that goes beyond the frameworks of conventional procurement and
sustainability approaches. Second, the study suggests a conceptual framework by outlining
the antecedents in implementing Industry 4.0, the procurement practices shaped by new
technologies, and the performance outcomes of the integration of CP and Industry 4.0.
Third, to the authors’ best knowledge, this is the first comprehensive effort to explore the
role of Industry 4.0 in the CP field. Fourth, the answers to the abovementioned study
question would assist academics and managers in understanding and adopting Industry
4.0 technologies in CP.

2. Theoretical Background
2.1. Circular Procurement (CP)

According to the European Commission [17], CP is the process by which government
agencies acquire products or services with the goal of reducing or eliminating their neg-
ative impacts on the environment and the amount of waste generated across the course
of their entire useful life. CP also represents the practice of using purchasing as a tool to
advance the CE [9]. As such, the acquisition of competitively priced goods, services, or
systems that contribute to longer lifetime, value retention, and/or notably enhanced and
safe cycling of technical or biological material constitutes another description of CP [6].
CP can be advanced through other procurement initiatives, namely, green procurement
and sustainable procurement [18]. The former refers to the practice of purchasing products
or services that help minimize environmental effects in comparison to alternatives that
serve the same function or products that fulfill specific predetermined environmental stan-
dards [19]. Green procurement is also defined by [20] as the incorporation of environmental
factors into purchasing policies, programs, and activities. The procurement department
may help promote recycling, reuse, and resource conservation by participating in green
or environmental practices such as life-cycle analysis and environment design, which are
all part of supply chain management [21]. Unlike green procurement, sustainable pro-
curement applies a wider focus on sustainability by encompassing additional elements,
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including safety, health, and social equity [19]. In general, high wastages were observed
beyond the products” useful life in green and sustainable procurement, despite the fact that
these initiatives were designed to save society, the environment, and the economy [22,23].
Nonetheless, CP is committed to the zero-waste principle even after a product’s lifespan
has ended. This implies that cross-sector cooperation can maximize the value of products
and services. The authors of [7] note that three factors should be prioritized in order to
encourage CP: (1) services rather than products (servitization), (2) product conception,
operation, and disposal, and (3) market dialogue. Figure 1 depicts the differences between
CP, green procurement, and sustainable procurement.
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Figure 1. The differences between CP, green procurement, and sustainable procurement.
2.2. Industry 4.0

In 2011, the German government launched an initiative to encourage digitalization in
manufacturing via the implementation of a strategic roadmap, marking the beginning of
the fourth industrial revolution. At the 2011 Hannover fair, the concept of Industry 4.0 was
officially announced. As a result of Industry 4.0, most factories now use highly developed
information systems [24-26]. The shift from traditional production systems to digital
manufacturing necessitates the development of smart factories and advanced technologies
in order to improve operational efficiencies throughout the value chain [5]. Using state-
of-the-art technologies, Industry 4.0 digitally transforms production networks [27-29].
Moreover, the goal of Industry 4.0 is to improve managerial decision-making via the use
of real-time data related to energy consumption, production status, machines, customer
orders, and material flows using technologies such as artificial intelligence, the IoT, big
data analytics, and robotics [5,30-32]. There is a lack of consensus in the existing literature
on the technologies that fall within the Industry 4.0 umbrella [33]. In order to determine
which technologies are most applicable to Industry 4.0, this research draws on the most
commonly referenced works in the field (see Table 1).
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Table 1. Main Industry 4.0 technologies.

Industry 4.0 Technologies

Description References

Big data analytics

Big data analytics helps process massive amounts of data from a variety of sources,
both unstructured and structured, in order to aid in decision-making processes and  [34-39]
support data mining, predictive analytics, and other applications.

Blockchain technology

Blockchain technology is defined as a digital, distributed, and decentralized ledger

in which transactions are recorded and appended in chronological sequence to

produce permanent and immutable records. Blockchain supports smart contracts,  [40—42]
which represent pieces of code independently and automatically executed

by computers.

The IoT

The IoT allows for wireless communication between human devices, computers,
and sensors, making data available from any location. The technology can be
considered a very sophisticated and widely dispersed networked system composed
of several intelligent objects that can generate and share information.

[43-45]

Simulation

This technology refers to the act of creating a computer-generated model that closely
mimics the behavior of a real-world system or process. Simulation takes into
account the simulated past of a system and its operation to make conclusions about
the actual system’s operational characteristics.

[46-49]

Cloud computing

This technology provides a variety of services online and allows for remote access to

information that is kept elsewhere. [50-54]

Additive manufacturing

This technology is a disruptive innovation that aims to produce product components
without specialized, sophisticated equipment. It is the technique of fusing together
materials to form a three-dimensional model for a digital design, thereby speeding
up production timelines and connecting engineers, designers, and customers.

[55-60]

Artificial intelligence

Artificial intelligence is described as the development of computers that have the
capacity to learn, make decisions independently of human oversight, and [61,62]
self-correct in ways that mimic human intelligence.

Cyber-physical systems

A cyber-physical system represents a technological computer system that links

components and machines together in the manufacturing process via the exchange

of data and instructions through physical processes, cyberspace, controlling, and [63-67]
sensing. This technology aids in the collection of real-time data for prioritizing
manufacturing orders, optimizing tasks, and spotting maintenance requirements.

In the context of procurement, the adoption of Industry 4.0 can fundamentally alter
the direction of organizations’ sustainable procurement processes [68-70]. Industry 4.0 can
contribute to the automation of procurement processes, offering firms higher productivity,
enhanced efficiency, effective decision-making, and optimal organizational profitability [16].
Furthermore, Industry 4.0 technologies establish robust links between the supply chain
team and the procurement department and increase the firm'’s access to all essential data,
including inventory levels, costs, delivery lead times, and any potential operational haz-
ards [71]. As a result, Industry 4.0 technologies can enhance trust and transparency in
buyer—supplier relationships to transform the procurement function into a hub for strategic
networking. While the literature on the impact of Industry 4.0 technologies on procurement
is increasing, there is still a paucity of review studies focusing on the interplay between
Industry 4.0 and CP. Therefore, the current study aims to fill this knowledge gap and
contribute to an understanding of the role of Industry 4.0 in the transition toward CP.

3. Research Method

The systematic literature review (SLR) is a methodology that allows for an in-depth ex-
amination of the present status of any given research field while simultaneously identifying
knowledge gaps that can be filled by future studies and research [72,73]. In order to com-
prehensively assess and summarize the current research on the role of Industry 4.0 in the
transition toward CP, this work applies the SLR technique used by previous studies [74,75].
First, the studies were identified; next, the relevant studies were determined; third, infor-
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mation was retrieved; fourth, data were synthesized and reported; and lastly, the results
were discussed. Two academics formed a review panel to set the conceptual boundaries
of the study. At each stage, from the first identification to the final culling of the pertinent
articles, three experts including two professors in the SCM field and one senior industry
practitioner were consulted to enhance the search strategy and the search terms [76]. These
discussions allowed the authors to resolve any disagreement and reach a final decision to
continue with the research. Finally, the study pursues standard procedures [74] to assure
the accuracy and replicability of the results:

(1) Planning the review by developing selection criteria to locate the relevant publications;

(2)  Screening the publications to evaluate their suitability by outlining the exclusion and
inclusion criteria;

(3) Analyzing material and retrieving data by examining the prior publications while
applying several filters;

(4) Data execution by summarizing the study results.

3.1. Planning the Review

First, the research question for this SLR was developed. In line with previous re-
search [77,78], two prestigious academic databases (Scopus and Web of Science) were
consulted in search of answers to the research question. The authors began database
exploration by looking for the keywords “Industry 4.0” and “circular procurement” and
then expanded the search terms from there. The review criteria included all relevant
publications, regardless of publication date. Although the concept of Industry 4.0 was
coined in 2011, the literature prior to this year was also reviewed because most Industry
4.0 technologies (e.g., artificial intelligence, the IoT, machine learning, etc.) were available
since the turn of the millennium, but their usage was limited before 2011 [79].

3.2. Research Screening Criteria

For the current SLR, the authors decided that scholarly articles would be the appro-
priate unit of analysis [80]. Then, the research team determined which research articles
would be considered for inclusion and which would be disqualified (see Table 2). After
scouring the chosen databases for relevant publications, an extensive list was obtained.
So, peer-reviewed publications were hand-selected, and all non-peer-reviewed documents
(e.g., books, chapters, editorials) were eliminated. In general, quantitative and qualitative
publications alike were taken into account as long as they were united in their emphasis on
Industry 4.0 and CP. The research team ignored the gray literature, which includes working
papers, white papers, theses, project reports, and conference proceedings. Furthermore,
journal articles written in English were included, and works that focus on the applications
of Industry 4.0 in business while ignoring the procurement aspect were disregarded.

Table 2. Inclusion and exclusion criteria.

Inclusion Criteria

Exclusion Criteria

(1) Peer-reviewed publications written in the English language
(2) Publications focusing on the combination of Industry 4.0

and CP

(3) Conceptual and empirical (quantitative and qualitative)

publications

(4) Publications available in full text
(5) Documents published through 20 September 2022

(1) Non-peer-reviewed publications

(2) Non-English language publications

(3) Publications not focusing on the interplay between Industry
4.0 and CP

(4) Working papers, white papers, technical reports, and
conference proceedings

(5) Books, chapters, theses, essays, and editorials

(6) Duplicate publications

3.3. Data Extraction

To begin, Google Scholar was used to look for any relevant publications that would
help develop the search query. The list of keywords was refined and the search strings
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were finalized by analyzing the titles, abstracts, and keywords of the top 100 publications
retrieved in this first search. In the end, the initial string—"“Industry 4.0” AND “circular
procurement”—was adjusted to include the following terms: (“Additive manufacturing”
OR “3D Printing” OR “Artificial intelligence” OR “Artificial neural network*” OR “Aug-
mented reality” OR “Big data” OR “Blockchain” OR “Cloud computing” OR “Cloud
Manufacturing” OR “Collaborative robot*” OR “CPS” OR “cyber-physical system*” OR
“Cybersecurity” OR “Data mining” OR “Digitalisation technolog*” OR “fourth industrial
revolution” OR “Industrial Internet” OR “Industrial revolution” OR “Industry 4.0” OR “In-
ternet of thing*” OR “IoT” OR “Machine intelligence” OR “Machine learning” OR “Smart
Factory” OR “Smart Manufacturing” OR “Smart Production” OR “Virtual reality” OR “Web
intelligence” OR simulation) AND (procurement OR purchas* OR sourcing) AND (circular*
OR sustainab* OR “circular economy” OR “circular business” OR “circular supply chain*”
OR green OR “closed loop*”). The searches in Scopus and Web of Science were conducted
20 September 2022. In total, the research team found 294, 167 from Scopus and 127 from
Web of Science. The team limited the selection of publications to the subject of business and
management, without specifying any time period. The abstract of each publication was
also taken into account in the screening process, in addition to the usual bibliographic data
such as journal title, publication date, and authors. The screening process consisted of four
phases. Each step was completed independently by two authors who conferred afterward
to choose whether or not to advance to the next step.

Since certain publications in Scopus were also found on the Web of Science, the authors
removed the duplicates first. After eliminating the duplicates, a total of 253 publications
were retained. Second, the authors reviewed all 253 publications against inclusion and
exclusion criteria. The remaining number of publications was 132. Third, the authors
excluded papers that discussed Industry 4.0 technologies without a specific focus on CP.
After this process, 100 publications were still available for the analysis. At last, the research
team looked through the remaining 100 publications and kept only those that addressed the
role of Industry 4.0 in facilitating the CP transition. This resulted in a total of 83 studies for
the analysis. Moreover, backward and forward citation chaining was applied to guarantee
the inclusion of all pertinent publications. This step resulted in the inclusion of 6 additional
publications, bringing the total number of studies to 89.

3.4. Data Execution

The applications of Industry 4.0 have recently seen a resurgence in popularity as
academics and practitioners realized their potential as useful tools in enabling novel
purchasing and supply capability management [81]. As can be seen in Figure 2, the
relationship between Industry 4.0 and CP was a relatively new area of study prior to
2020 [82]. Even while most Industry 4.0 technologies like blockchain, the IoT, and big
data analytics are still in their infancy and have not yet seen widespread adoption in CP,
the number of publications in this area has grown dramatically between 2020 and 2022,
demonstrating the growing importance of Industry 4.0 for CP.

The geographical spread of the selected papers was examined by retrieving all authors’
affiliations. Table 3 displays the top ten most productive countries that have contributed to
the literature at the intersection of Industry 4.0 and CP. Researchers in the United Kingdom
produced the most publications (17), followed by China, the USA, and India, with 15
papers each. Overall, research at the convergence of Industry 4.0 and CP has been rapidly
progressing, and academics from both developed and developing nations have contributed
significantly to this field.

Table 4 shows the breakdown of publications by journal. The fact that the 89 articles
were published in 51 journals is indicative of the topic’s widespread significance. Journal of
Cleaner Production led in the number of papers published, followed by Journal of Enterprise
Information Management, Technological Forecasting and Social Change, International Journal of
Production Research, and International Journal of Production Economics, all of which had four
papers. In conclusion, the results show that the literature pertaining to Industry 4.0 and
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CP is advanced by a couple of influential outlets, but there is a broad interest in issues of
digitalization, sustainability, resource circularity, and procurement. Figure 3 depicts the
distribution of the selected publications according to the research approach used. Most
previous studies have applied different empirical methods to examine the role of Industry
4.0 technologies in the transition toward CP. Conceptual studies are also shown to be a
common approach, which is the case for any developing field of study.

30

25

20

15

10

Number of publications

2014 2015 2016 2017 2018

2019

Year of publication

Figure 2. Year-wise distribution of selected publications.

Table 3. Country-wise distribution of selected publications.

27

20 20

2020 2021 2022

Country Number of Publications
United Kingdom 17
China 15
United States 15
India 15
Germany 10
Iran 6
Italy 6
Netherlands 6
Pakistan 5
Brazil 5

Table 4. Journal-wise distribution of publications.

Journal

Number of Publications

Journal of Cleaner Production

Journal of Enterprise Information Management
Technological Forecasting and Social Change
International Journal of Production Research
International Journal of Production Economics
Business Strategy and The Environment

Supply Chain Management

Journal of Modelling in Management

Journal of Manufacturing Technology Management
International Journal of Logistics Management
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Figure 3. Distribution of publications according to research methods.

4. Thematic Analysis

To properly synthesize the findings of the literature, the research team analyzed
all 89 articles for recurring themes. This method is consistent with recent systematic re-
views [83,84]. To aggregate data from the existing literature, a content analysis strategy was
adopted. Textual data can be analyzed using the popular content analysis technique, which
involves carefully categorizing, coding, and finding the themes present in the data [85].
The examined material was summarized in an unbiased and understandable manner using
a rigorous three-step process. The specifics of the three steps are the following: (1) open
codes were assigned by the lead author to each publication, (2) inductive and deductive
methods were applied to categorize the open codes into axial codes and acknowledge the
associations between the open codes, and (3) discussion of the axial codes was held to
reach a consensus on the classification of the themes. Overall, the thematic analysis sheds
light on how the various Industry 4.0 technologies can facilitate the transition toward CP.
To keep this view, a distinct collection of microtopics was found, and publications were
analyzed in accordance with these themes (see Figure 4).

Generic
overview of
Industry 4.0
Cloud
computing
Big data
analytics
Additive
manufacturing
Blockchain Industry 4.0
technology +CP
Artificial
intelligence
The internet
of things
Cyber-physical
systems
Simulation

Figure 4. Themes at the intersection of Industry 4.0 and CP.
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4.1. Generic Overview of Industry 4.0's Potential for CP

The publications discussing the connection between Industry 4.0 and CP were eval-
uated to obtain a high-level summary of the literature. In general, a common assertion
among academics is that Industry 4.0 can serve as a catalyst for CP. A firm that wishes to
achieve circularity should consider the uptake of Industry 4.0 in its procurement function.
Numerous works concentrated on this direction [14-16]. For example, [16] argues that
firms can use Industry 4.0 technologies to streamline their operations in areas such as
spare parts procurement, inventory control, and manufacturing. As a result, this improves
the openness and efficiency of the value-generation process while minimizing resource
consumption [82]. At an operational level, Industry 4.0 technologies can effectively inte-
grate CP processes because they have the potential to improve productivity and efficiency,
support lifelong learning, and alter the nature of work by freeing up time and enabling a
variety of flexible career paths [81]. By fully automating CP, Industry 4.0 ensures seam-
less integration of purchasing processes, efficient traceability, and forecasting of circular
resources [6,86]. The authors of [87] note that the integration of Industry 4.0 in procurement
presents a plethora of digital tools designed to offer new value propositions, establish
trust in buyer—supplier relationships, and support innovative procurement data utilization.
Moreover, the potential for Industry 4.0 technologies to facilitate circular business models
was also a point of agreement in the literature [12,41,88]. In circular business models, an
audit of all procurement transactions is challenging and costly because manufacturing
systems and raw material monitoring are required to calculate and verify emissions [89].
However, with the support of Industry 4.0 technologies, organizations can efficiently audit
their circular purchasing transactions, track the consumption of raw materials, and monitor
the entire life cycle of products [90-92].

4.2. Big Data Analytics

The applications of big data analytics have been frequently considered by schol-
ars, and several perspectives on leveraging this technology for supporting CP were
prevalent [93-95]. For example, the authors of [96] point out that big data analytics can
assist firms in optimizing their supplier selection, purchasing strategies, and logistic plans.
The authors of [97] state that big data analytics can provide a significant contribution to raw
materials pricing, lead-time reduction, and minimization of business and environmental
risks facing suppliers, thus allowing for significant improvements in CP. Big data can also
aid in the management of supplier-related risks if CP indicators are established, which leads
to the identification of appropriate and sustainable sourcing [15]. By capitalizing on this
technology, the procurement department can swiftly collect more data and communicate
with other firm units to make better and more informed green procurement decisions over
the course of a product lifecycle [97]. Access to big data can greatly support CP strategies
and the prediction of disruptions by facilitating the assessment of suppliers and market
trends. Automating the process of selecting a sustainable supplier is possible with the help
of big data, as the technology can optimize the purchasing operations of standardized and
circular parts and components [98].

4.3. Blockchain Technology

According to [99], blockchain can aid the organization, its suppliers, customers, part-
ners, and if required, regulatory bodies—all of which have an interest in a trustworthy
and seamless CP process. A decentralized strategy for purchase order processes makes it
possible for suppliers without established business relationships to participate in the pro-
curement process without delay using data from blockchain technology [100]. Furthermore,
the introduction of blockchain significantly improves several CE practices, particularly
CP [101], because the technology strengthens information security, ensures transparency,
and boosts traceability across the full product life cycle [12]. As a result, this could bring a
dramatic improvement to CP and the supply chain as a whole.
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The Increased transparency and visibility of blockchain can be useful in sourcing
strategies that prioritize speed and deal with bottleneck suppliers [81]. With blockchain,
various sustainability issues across supply chains, such as transactional inefficiencies, theft,
poor management, fraud, and lack of trust, can be overcome [102]. The fundamental advan-
tages of blockchain in CP are connected to its ability to enhance data integrity, authenticate
transactions, and eliminate corruption and fraud [86]. By increasing traceability and trans-
parency in CP, blockchain can promote more responsible sourcing plans and guarantee
compliance with environmental requirements [92]. The authors of [103] highlight that
the speedy verification of documents from suppliers, such as licenses, certifications, and
record proofs, is a direct result of blockchain’s role in fostering the development of robust
integration ties between supply chain partners.

CP managers can have timely access to and monitor transaction histories for suppliers
by using blockchain, which can integrate features of decentralization, streamline global-
scale procurement transactions, and drive process disintermediation [104]. Additionally,
the circular supply chain’s competitiveness, energy efficiency, and waste management can
all be improved with the use of blockchain in resource allocation and scheduling [41,81].

Smart Contracts

Smart contracts are lauded for their potential to improve CP in a number of
ways [86,105,106]. The smart-contract capability provided by blockchain technology to
circular organizations [107] can boost the effectiveness of procurement activities while
reducing their costs [40]. Automation via smart contracts can help an organization fix
current weaknesses in CP processes and transform the whole supplier selection process
into a flexible smart contract [105]. The benefits of smart contracts in CP also include
reduced costs, faster transactions, increased competitiveness, and less bureaucracy [108].
Moreover, auditing CP processes can be efficiently carried out with smart contracts as they
represent a legal fundament that can ensure information traceability and auditability [102].
Corruption, sustainability concerns, and social issues like sub-contracting can be monitored
closely throughout the execution of smart contracts. As a result, this would make CP more
transparent and traceable [109]. Although smart contracts coded on the top of a blockchain
system can perform repetitive tasks between buyers and suppliers in regard to payments
and the terms of contracts, new regulations should be specified before they can be treated
as binding contracts [105].

4.4. The Internet of Things

The internet of things (IoT) is essential to CP because it automates data collection
and transmission, allowing for a constant, unrestricted data flow and a unified interface
for collaboration [86,95,110]. Similarly, the widespread use of the IoT can make it easier
for organizations to interconnect and share relevant information. With the use of internet
connection protocols, Wi-Fi, and Bluetooth, the IoT facilitates communication between
buying entities and the exchange of information. In an IoT ecosystem, suppliers can alter
previously static data by assigning a unique identifier to products sold at various locations.
As aresult, the IoT system can then support appropriate supplier selection for collaboration
based on parameters such as pricing, materials, and quality changes [111]. Moreover, the
CP department can leverage the IoT to track products with the use of tags [112]. In this
intelligent system, machines and computers can solve problems, determine priorities, and
communicate results to every part of the business network [48]. The impact of market
uncertainty can be mitigated through the IoT as the technology facilitates enhanced human-—
machine interaction, leading to more tailored product purchases. Metrics for assessing CP
processes can be derived using IoT techniques, including meta-heuristic networks, opera-
tions research models, and supported vector machines, hence reducing the opportunity
for corruption [15]. Furthermore, the IoT has the potential to improve demand forecasting,
resource allocation, inventory visibility, and sustainable supplier relationship management
for businesses. In order to better manage logistics and maintain positive relationships
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with suppliers, the IoT can be used to increase transparency in the purchasing process [5].
Trucks’ fuel consumption, emissions, and mileage can be monitored by the IoT to enhance
the transportation infrastructure and routing strategies [113]. Through the IoT, CP data
is created in real-time and made available to buyers and suppliers. IoT networks allow
for tracking suppliers’ past performance and their associated environmental effects. With
the use of the IoT, organizations can monitor their suppliers’ environmental performance
throughout the course of a long-term partnership. Overall, the usage of IoT technology in
CP can improve contracting, ordering, pricing, and auditing [114].

4.5. Simulation

In procurement, the earnings and operating expenses can be modeled to account for
the impact of random factors such as order volumes and delivery times via the use of
simulation [115]. Simulation models can accurately portray system dynamics and assess
process changes based on their own algorithms. Smart supply chain implementation relies
on technologies such as simulation to enable digital platforms with suppliers and customers
to optimize green performance (by, for example, conducting tests virtually rather than on
physical prototypes). Furthermore, modeling tools assist in defining supplier demand and
minimizing logistics movements that result in higher emissions, energy consumption, and
transportation impacts in shipping [116]. Simulation can also support workers in enhancing
decision-making concerning supply certification and identifying possible recycling wastes
from operations [116]. The use of simulations can reveal where each procurement system
falls short in terms of green projects [117]. By allowing engineers and designers to swiftly
analyze and evaluate design choices with live data, digital simulation aims to promote
effective innovation [48]. Alternative approaches to product remanufacturing can leverage
simulation to support procurement-related decision-making processes, boost resource use
efficiency, and allow for the delivery of new services, particularly those with a focus on
maintenance [12]. Ref. [118] argues that statistical analysis provided by simulations can
enhance the responsiveness of wood-procurement systems. As a result, the testing and
optimization of procurement processes through simulation enables an organization to
reduce risks, business changeover, and setup time while improving quality control [113].

4.6. Cloud Computing

Through the use of cloud computing, buyer—supplier relationships and value chains
can be optimized by linking together various businesses, factories, and procedures [16].
Through its ability to store massive amounts of data and provide tools for processing, man-
aging, and extracting insights from data, cloud computing provides several answers to the
challenges faced by sustainable smart systems. By using cloud computing, organizations
can transform their supply chains into value networks [96]. As such, cloud computing
greatly simplifies collaboration and coordination between buyers and suppliers. It also en-
ables agility and flexibility, which are the hallmarks of procurement in the Industry 4.0 era.
In order to manage upstream suppliers for green purchasing and eco-design for products,
a firm can use cloud computing to carry out several planning and execution operations,
streamline business processes, achieve cost savings, and facilitate information sharing. Col-
laboration between the firm and its suppliers using a cloud-based solution is recognized as
an essential backbone of physical and business production [96]. By promoting cooperation
across all network partners, cloud computing systems can shorten product design time
and synchronize all manufacturing processes. Orders placed by customers are processed
and carried out more quickly when they are digitalized through cloud computing [48]. For
better energy efficiency, cloud computing can also be used to calculate the whole carbon
footprint of a product during its lifetime, thereby accelerating the transition toward CP [90].

4.7. Additive Manufacturing

Considering that procurement occurs early in a product’s life cycle, it makes sense to
include additive manufacturing in the supply chain at this point to build a robust network.
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When additive manufacturing is used during the procurement phase, the supplier of com-
ponents provides the firm with the design file, and the components are made in the factories
in response to orders for finished goods [119]. Given that on-shoring is an objective of addi-
tive manufacturing, its implementation in the procurement phase is expected to result in a
new supply network for the logistical activities related to sourcing and distribution [119].
The use of additive manufacturing can eliminate further stages of manufacturing and
result in fully functional, unified products’ features. The other advantages of incorporating
additive manufacturing in CP are the reduction of supply-related risks through its in-house
production of components, the decentralization of manufacturing locations in areas close to
customers, the decrease in waste, inventory, and transportation, and the promotion of sus-
tainable green ecosystems [56,120,121]. After taking additive manufacturing into account
throughout the sourcing process, the authors of [122] recommend that the procurement
department employ additive manufacturing to lower the supply risk of bottleneck items. In
this manner, organizations can incorporate additive manufacturing into their CP activities
to reduce supply-side risks and coordinate both established and new business models.

4.8. Artificial Intelligence

Artificial intelligence (Al) adds smartness to the supplier selection choices of procure-
ment managers via its amazing capacity to gather and evaluate market data [123]. The
research of [124] suggests that Al has the potential to replace manual jobs and tasks within
business processes thanks to recent advances in autonomous decision-making and algorith-
mic machine learning. Particularly for ambiguous activities, CP managers can capitalize on
Al to support decision-making processes. According to [125], the widespread adoption of
Al in supply chain activities, including procurement, has the potential to have a positive
impact on the environment by lowering pollution levels, reducing energy consumption,
and decreasing greenhouse gas emissions, all while boosting business profits. Increased
traceability and transparency throughout a product’s life cycle are made possible by the
usage of Al in CP. As a means of reducing pollution, firms can use Al in remanufacturing
operations by using data collected at the product’s end of life to inform the processing
of remanufacturing parameters [126]. Al also aids CP endeavors by facilitating activities,
enhancing workforce automation skills, and optimizing production planning [90,111].

CP data can be analyzed by Al techniques such as machine learning and deep learning
so that better pricing is set in order to discourage wasteful behavior and safeguard against
economic and ecological harms [87]. In addition, this information can be processed and
analyzed through the use of Al techniques to determine the possible options for all involved
parties and the environment, thereby revealing new avenues for improving environmental
sustainability. The authors of [127] indicate that Al can aid in pattern analysis, leading to a
deeper comprehension of particular supplier behaviors that, in turn, can aid CP managers
in identifying suitable potential suppliers. With the use of Al, the process of determining
pricing from various suppliers can be sped up and made more accurate by means of various
methods, such as multiple regression, metaheuristic algorithms, and case-based reasoning
models [123]. Al’s ability to learn from data and compare historical and real-time data
makes it a potent tool for solving several complicated issues in CP, including the estimation
of optimal prices in procurement contracts and bidding decisions. Finally, AI can be used
to eliminate service processing and ordering faults and improve service providers’ ex ante
and ex post performance. The technology can shorten the time it takes for engineers to
respond to the procurement hub and develop automated decision-making systems for
supplier risk management and supplier contract negotiations [128].

4.9. Cyber-Physical Systems

Cyber-physical systems (CPS) often involve several computational platforms that
interact through communication networks. These systems can solicit bids and notify the
procurement department when they are received. Based on the data that the system
provides, the procurement department can choose the best offer [129]. Incorporating cyber-
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Antecedents

physical systems in the firm can also improve production and maintenance planning and
allow the firm to more efficiently collect, manage, and use waste as a resource [130]. Because
of their ability to automate resource management, CPS can advance CP by helping firms
achieve cost savings and supporting their circular business models [5]. Similarly, CPS can
play a critical role in automating the demand-generation of CP systems [131]. For example,
CPS can establish the link between the real world and the virtual one by promoting the use
of devices like sensor-driven shelves and smart bins that detect when a stockpile of physical
objects is running low. Additionally, integrating services and suppliers can be made easier
with the introduction of CPS. Therefore, process and collaboration competencies—as well as
abilities in areas such as radio, network, and transmission technologies, rapid information
procurement, material control, and optimization—are likely to grow in significance in the
future of CP.

5. Discussion: Toward the Development of a Conceptual Framework

The implementation of Industry 4.0 in the transition toward CP offers an adaptive and
flexible capability that brings several benefits to the procurement function. This can help
overcome the challenging decisions about the ramifications of Industry 4.0 technologies by
demonstrating how they can add value to the procurement process of organizations. On
the basis of the literature assessment and the thematic analysis in the preceding sections,
the study suggests a conceptual framework for the interplay between Industry 4.0 and CP,
synthesizing four key themes for future research of this nexus: antecedents, Industry 4.0
technologies, enablers of Industry 4.0 for CP, and outcomes of Industry 4.0 implementation
in CP (see Figure 5). This framework is an effort to clarify the role of Industry 4.0 in the
CP transition and shed light on the relationship between the interrelated themes. The
framework depicts the requirements and expectations of incorporating Industry 4.0 in CP.

1a

Technological antecedents:
perceived usefulness, ease of use and
perceived compatibility

~

Organizational antecedents:
management support, infrastructure
support, skills and expertise, trust,
and absorptive capacity

Environmental antecedents:
government support, social
influence, and external support

Figure 5. Conceptual framework for the adoption of Industry 4.0 technologies in CP.
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Derived from the well-established technology—organization-environment framework,
the antecedents of adopting Industry 4.0 in CP are classified into three categories. Techno-
logical antecedents refer to a set of characteristics that describe how technological structures
and practices affect the adoption of emerging technologies [132-134]. As such, technolog-
ical aspects, including software and hardware, are required to adopt new technologies.
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Moreover, Industry 4.0 implementation in CP depends on ease of use, that is, managers’
expectations of how simple it will be to implement new technology into their procurement
operations [135,136]. In the context of CP, ease-of-use can improve the adoption of Industry
4.0 technologies since it lessens the mental strain placed on procurement managers. All
these factors point to the fact that Industry 4.0 technologies are likely to be adopted in CP
if they are simpler to use. During their transition toward Industry 4.0-enabled CP, firms
can encounter a number of compatibility difficulties, including those related to connecting
the new system with the current procurement infrastructure [137]. As a result, Industry
4.0 technologies should be congruent with the firm’s existing processes, structure, and
culture [138].

The organizational antecedents relate to the firm readiness to adopt Industry 4.0
technologies and their willingness to devote resources to their integration in CP. As a critical
antecedent, management support is crucial to mobilize resources when introducing new
technologies in CP. In addition, adopting Industry 4.0 requires new types of infrastructure
support. For example, the 10T, a building block of Industry 4.0, cannot function without
industrial sensors. The data generated by Industry 4.0 systems are substantial, necessitating
both ample storage space and the ability to use machine learning techniques to analyze
the information. Furthermore, skills and expertise are needed to perform reliable analyses
and exploit knowledge. Adopting Industry 4.0 also requires a high level of trust among
all parties involved because information flows more smoothly between trusted business
partners. In addition, firms with a high absorptive capacity can be better equipped to
absorb new information and spread it across employees. To be more precise, the adoption
of Industry 4.0 in CP can be correlated with the absorptive capacity of the firm.

The final category of antecedents concerns the factors external to the firm, including
government support, social influence, and external support. The assistance offered by
regulatory bodies to enable the adoption of Industry 4.0 technologies in CP is essential [101].
Similarly, the pressure put by suppliers and customers and other supply chain partners
can force the firm to adopt Industry 4.0 technologies in its CP [10,94]. For instance, if a
sizable portion of firms in a certain sector decide to invest in cutting-edge technologies in
their operations, it is eventually expected that all firms will implement the new technology.
Finally, the support that the firm receives from outside its walls is critical for the implemen-
tation of Industry 4.0 technologies in CP. When it comes to establishing an Industry 4.0
infrastructure, local universities and labs may aid in the cultivation of abilities and research
and development activities that boost the rate of learning [139].

Once the antecedents of Industry 4.0 implementation are recognized, organizations
can reap several benefits from embracing new technologies in their CP activities, including
better process integration [48], automation [140], and effective supplier selection strate-
gies [94]. These enablers can lead to several economic, social, and environmental outcomes
(see Figure 5).

6. Conclusions

The current study represents the first attempt to analyze the interplay between In-
dustry 4.0 and CP. A well-established research protocol was applied to collect relevant
studies from well-recognized databases, Scopus and Web of Science. As a result, the study’s
research question was answered by clarifying the role of Industry 4.0 technologies in CP.
The research profile includes analysis of the annual scholarly output, geographical cover-
age, publication sources, and research approaches applied. The thorough analysis of the
selected publications reveals ten themes. Research into the interplay between Industry
4.0 and CP is an important area of research, and the results of this study have important
implications for both academics and practitioners.

6.1. Future Research Agenda

As a result of this contribution, future researchers may examine several directions. For
instance, the impact of Industry-4.0-enabled CP on other circular supply chain processes
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(e.g., inventory management, transportation, logistics) can be studied. Although Industry
4.0 applications have been widely investigated, nothing is known about the role of some
technologies—such as augmented reality, virtual reality, and 5G telecommunications—in
advancing CP. Moreover, the degree of Industry 4.0 implementation in CP and its impact on
business processes and integration (taking into account all functions) have been ignored in
previous studies. Considering the identified enablers of Industry 4.0 for CP, it is advised that
further research is needed to determine how to evaluate circular manufacturing planning
in the era of Industry 4.0. The lack of empirical evidence for the impact of Industry 4.0
technologies on the optimization of CP processes may be attributable to the maturity level
of Industry 4.0 implementation; this should be kept in mind for future research.

6.2. Theoretical Implications

The concepts of Industry 4.0 and CP are essential not only for firms and their suppliers
but also for the whole circular supply chain, the environment, and society at large. This
review finds that big data analytics, blockchain technology, the IoT, and Al help firms
automate and improve CP processes, which in turn accelerates the smart transformation of
firms. Thus, organizations should set up an adequate internal environment to accommo-
date new technologies before rolling the results out of their supply chains. Additionally,
the research profile of the extant literature is provided in terms of yearly publication trends,
geographical distribution, publication sources, and research approaches applied to un-
cover the role of Industry 4.0 technology in the transition toward CP. This effort can help
researchers in the future to better understand the current state of knowledge and develop
novel research questions.

This study stands out among prior reviews since it explicitly focuses on the nexus of
Industry 4.0 and CP. While previous research has looked at the applications of Industry
4.0 in procurement [14,16], their limited focus only serves to highlight the need for a
more detailed understanding of the role of new technologies in fostering CE practices
in procurement activities. To fill this void, the authors conducted an extensive literature
analysis to identify and summarize the contributions of Industry 4.0 to CP. This systematic
review also captures the limited nature of research on the interplay between Industry
4.0 and CP, from the broad classification to the narrow insights. In addition, the study
provides researchers with several pending issues that deserve further attention to unlock the
potential of Industry 4.0 in CP. Finally, based on the prior, the authors provide a conceptual
framework for Industry 4.0 implementation in CP considering the antecedents, the enablers,
and the performance outcomes of Industry-4.0-enabled CP. The elements of the framework
provide future researchers with more avenues of inquiry into the necessary capabilities to
acquire, thus helping to further define the nature of the bond between Industry 4.0 and CP.

6.3. Practical Implications

Recently, procurement professionals have faced a deluge of information on emerging
technologies with varying degrees of relevance to their work. Practitioners in the field of
purchasing and supply management are motivated to embark on CP and Industry 4.0 to
generate more value. This review proposes a conceptual framework to assist practitioners
in determining the antecedents, enablers, and performance outcomes of Industry 4.0
technologies in CP. This framework identifies the main technologies contributing to the
advancement of CP. As a result, the practitioners should scrutinize how these technologies
can be applicable to areas beyond CP, such as circular manufacturing. Moreover, the
roadmap of managers in the CP field should address several questions, including: How
far along is the organization’s preparation for incorporating Industry 4.0 technologies in
CP?; How can Industry-4.0-enabled CP contribute to the development of circular supply
chains and the realization of the CE agenda?; Which of the Industry 4.0 technologies has
the most influence on CP, given the challenges faced by supply chain partners? From this
review, four major takeaways can be addressed by managers. First, it is the responsibility
of managers to invest in their organizations’ technology infrastructure to sustain their CP
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activities. Second, implementing Industry 4.0 technologies is a great way to boost operations
productivity and achieve higher circularity performance. Third, this review recommends
that organizations assess the technical and socio-economic feasibility of adopting Industry
4.0 technologies in CP. Managers should be equipped with the appropriate resources and
capabilities to facilitate the integration of emerging technologies and achieve CE goals.
Finally, practitioners must place emphasis on the adoption of Industry 4.0 in CP to balance
the power between the buying firm and its suppliers.

6.4. Limitations

This study acknowledges the transformative potential of Industry 4.0 technologies in
CP without focusing on a specific industrial context. Despite its contributions, the current
review has certain limitations. To begin, only two scientific databases were consulted for
the review, namely, Scopus and Web of Science. While these databases are known for their
widespread coverage, it is possible that certain publications not indexed in Scopus and
the Web of Science were omitted. Moreover, the analysis of interplay between Industry
4.0 and CP was confined by applying strict selection criteria for the relevant literature
without considering conference papers, books, and chapters. As a result, future studies can
include these potentially valuable knowledge sources and refine the keyword selection to
broaden the scope of their investigation. Finally, the conclusions of the present review need
empirical support, which can be supplied by future academics.
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