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Introduction

Circular supply chains mark a fundamental transformation in industrial ecology, moving
beyond traditional models of production and consumption. This innovative approach integrates
the principles of circular economy into the management of the supply chain with the aim of
minimising waste and optimising resource efficiency through material recycling, reuse, and
refurbishment (Farooque et al., 2019; Vegter et al., 2020). This approach is in opposition to the
traditional linear model of the supply chain, which follows the “take, make, dispose” pattern
(Sopiani et al., 2020).

Circular supply chains offer promising potential for sustainable production and
consumption, yet the implementation process faces numerous challenges that need to be
overcome. In this context, many organisations are turning to innovative solutions such as digital
technologies that are increasingly recognised as essential for improving circular supply chains
(Romagnoli et al., 2023).

Digital technologies include basic, critical, and breakthrough technologies, which can help
transform an enterprise into a digital one (Obukhowva et al., 2020). These technologies facilitate the
transition from traditional linear models to circular models by enhancing transparency, traceability,
efficiency, and collaboration among supply chain entities (Farazi, 2024).

In the context of circular supply chains, these tools are integrated across supply chain stages
to facilitate circular economy practices such as reuse, recycling, remanufacturing, and waste
reduction (Liu et al., 2023).

However, to the best of our knowledge, despite a growing body of literature that discusses
digital technologies in circular supply chains, there is a lack of systematic, keyword-based syntheses
that quantify the relative prominence of specific digital technologies and map how these topics
cluster across the literature. This gap motivates the present study. Specifically, we provide a
quantified, exploratory mapping of technology topicality in the circular supply chain literature.

In this paper, we aim to explore the role of digital technologies in enhancing circular supply
chains. Specifically, we address the following research problem: which digital technologies are most
frequently associated with circular supply-chain practices in the academic literature, and do
technologies that improve transparency and traceability show stronger associations with circular
practices than general-purpose digital systems?

As exploratory expectations, we propose two provisional, descriptive hypotheses to guide
interpretation:

= H1: Keywords indicating greater topical prominence of digital technologies will more
frequently appear in articles that discuss circular supply-chain practices.

= H2: Keywords referring to traceability and transparency technologies will more frequently
appear in the same articles as terms describing circular practices than keywords for general
purpose digital systems.

We stress that H1 and H2 are interpretive expectations derived from prior literature and that
the analysis remains primarily descriptive. Empirical causal testing is beyond the scope of this
bibliometric study.

To examine the research question and the hypotheses, we performed a keyword-based
analysis of peer-reviewed articles to identify the most frequently occurring terms associated with
digital technologies in circular supply chains. Hence, this paper is structured as follows: first we
present the methodology deployed to collect and analyse the data, then we report our findings,
focusing on the most used technologies in circular supply chains. Finally, results are discussed while
examining their benefits and limitations.
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1. Methodology

In this paper, we adopt a keyword analysis methodology inspired by Fadlalla and Amani
(2015) to explore the key trends and emerging digital technologies in circular supply chains. The
essence of the research is captured through keywords, which reflect the researchers' perspectives
on the topic. Our approach aims to identify and discuss key themes while categorising them
according to their significance within the academic community.

Keywords are analysed based on two parameters: dominance, measured by the occurrence
of a concept as a keyword and its temporal persistence, determined by the continuity of its usage
over time. Dominance is quantified both in absolute numbers (based on article count) and relative
terms (percentage of articles), while persistence is assessed by the number of years or the percentage
of years a keyword appears. By applying average dominance and persistence values, we classify
keywords into four quadrants: core, trendy, intermittent, and emerging or phantom topics (Figure

i

Figure 1: The proposed framework
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Core topics refer to concepts with high persistence and dominance. This means that it is
dealt with repeatedly, over a long duration, and is present in a significant number of articles. They
represent the fundamental and structuring concepts of a research field, forming the stable core
around which scientific production is organised.

Trendy topics represent concepts with low persistence but high dominance. They receive
notable but brief attention, concentrated over specific time periods. Their sudden popularity may
reflect a temporary enthusiasm in the scientific community, typically associated with specific
contextual or technological issues. They are fashionable themes that have not yet acquired the
maturity or stability of core concepts.

Intermittent topics are keywords with high persistence but low dominance. Although they
are discussed over a long period, their frequency of appearance remains relatively low. They occur
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intermittently, suggesting that they correspond to topics that are still being debated, emerging or
cyclical, and whose interest may fluctuate according to specific research problems.

Emerging or phantom topics exhibit both low persistence and low dominance. They are
often the result of a research interest limited in time and in academic scope. When they appear
briefly without continuation, they are termed “phantoms”. When they represent new attempts still
under development or exploration, they are classified as “emergent”.

To conduct this analysis, we searched the Scopus and Web of Science databases with a
specific query: TITLE-ABS-KEY ("digital technolog*" AND ( ("citcular economy" AND "supply
chain" ) ) OR "circular supply chain" ) AND ( LIMIT-TO ( DOCTYPE , "at")).

The initial search, conducted in February 2025, yielded 379 results, which were filtered to
exclude documents without keywords, duplicate and irrelevant documents, resulting in a final
sample of 314 articles (Figure 2). Documents were evaluated based on titles, abstracts, and the
presence of authors' keywords to ensure alignment with the research theme.

The analysis then proceeded with a descriptive phase to understand the temporal scope and
key topics. The keywords were categorised into groups reflecting their dominance and persistence,
facilitating the identification of prominent and emerging themes.

Figure 2: Papers selection process
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Source: Authot’s elaboration
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2. Results

In this section we will begin by analysing papers along several dimensions, including period
time and source of publications. The proposed framework will thereafter be employed to present
the core, trendy, intermittent and emerging concepts.

The number of papers published between 2018 and 2024, relating to digital technologies
integration in circular supply chains, increased year on year, particularly between 2020 and 2022
(Figure 3). This remarkable fivefold increase can be explained by researchers' heightened interest
in digital technologies during and after the Covid 19 crisis (Liu et al., 2023).

Figure 3: Number of published articles per year
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Source: Authot’s elaboration

The analysis of the publication sources revealed a dominance of contribution from ““Business
Strategy and the Environment” and “Journal of Cleaner Production”, which emerged as the most prominent
sources of digital technologies integration in circular supply chains articles published during 2018-
2024. Both journals averaged over four publications per year. The “Sustainability” journal took the
third place averaging more than two publications annually. Taken together, these three journals
accounted for over 22% of the publications included in this analysis.
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Figure 3: top journals by number of published articles: 2018-2024
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The reviewed papers identified a total of 1825 keywords, of which 742 are unique. The
keywords used to retrieve data from Scopus and Web of Science, ie. “digital technologies”,
"circular economy", "supply chain", "supply chain management", "circular supply chain”, were not
retained in the analysed dataset as they were likely to yield significantly high dominance and
persistence values, compromising the validity of the findings. In addition, some refinements were
conducted; for example, manual changes and adjustments to remove variation in letter cases,
abbreviations, or variation in singular/plural forms.

An initial examination of the results reveals that the keyword 'Barriers' was the only term to
demonstrate continuous presence throughout the entire seven-year period under review. In
contrast, two other keywords (“Sustainability” and “Sustainable Development”) appeared
consistently over a span of six years, while ten keywords maintained their presence for five years
(Table 1).

Table 1 Number of keywords per persistence count

Persistence Count Number of keywords
1 600

82

34

12

10

2

1

Source: Author’s elaboration

~N & O
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While the persistence of a keyword over time is an important indicator, it is not the only
metric to consider. Accordingly, Table 2 presents the distribution of keywords based on their
frequency of occurrence within the article dataset. For instance, the keyword 'Sustainability' appeats
55 times while ‘Industry 4.0’ appears and 41 times, as shown in Table 2.

Table 2 Number of keywords per dominance count

Dominance Count Number of keywords
1 568
2 87
3 27
4 17
5 18
6 5
7 3
8 6

10 2
1 2
18 1
19 1
20 1
26 1
41 1
55 1

Source: Author’s elaboration

To assess the significance of a keyword, the average dominance count (ADC) and the average
persistence count (APC) values were calculated, filtering out values equal to 1, in order to be more
efficient (Fadlalla and Amani, 2015). We selected APC/ADC because they directly quantify two
properties that are central to our research questions. Persistence asks whether a technology is
discussed consistently across the literature, and dominance asks whether it is a leading topic within
selected papers. These measures therefore map cleanly onto our aim to identify which digital
technologies are most strongly associated with circular supply chain practices in the literature.

Compared with other commonly used bibliometric approaches, APC/ADC present two
main practical advantages for this study. Firstly, they operate directly on keyword frequencies and
presence, making them particularly suitable for a keyword-based analysis that focuses on
technologies rather than citation structure. Secondly, they are computationally light and robust for
corpora of our size (314 papers and 1825 keywords), simplifying reproducibility and transparency.

By contrast, citation-based clustering methods such as co-citation or bibliographic coupling
(Song et al., 2022) emphasize epistemic ties and historical citation structure but can under-represent
emergent terminology, whereas co-word analysis (Soriano-Pinar et al., 2023) highlights term co-
occurrence patterns but do not directly quantify persistence across papers.

In our analysis, the ADC is 4,24 and the APC is 2,72 (Figure 5).
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Figure 4: Keywords classification based on their dominance and persistence
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3. Discussions

3.1. Core topics

A closer exploration of the dominance-persistence charting in figure 5 shows core fopics
located in the quadrant characterised by a dominance value higher than the ADC 4,24 and the
persistence value higher than the APC 2,72. These topics, including ‘sustainability’, ‘industry 4.0’
‘blockchain’, ‘barriers’, ‘sustainable development’, ToT", ‘circular business model’, ‘closed-loop
supply chain’ and ‘big data’, are pertinent and established keywords in the literature.

Blockchain is a technology that securely records transactions in a decentralised, tamper-proof
ledger. Blockchain is increasingly used in circular supply chains in order to improve transparency
and traceability helping companies track products and materials throughout their lifecycle and
support circular economy goals (Khan et al., 2021).

The Internet of Things (IoT), defined as a network of connected physical devices—ranging
from embedded sensors to industrial machinery—enables the continuous exchange and analysis of
data in real time (Jum’a et al., 2024). In theory, such connectivity holds promise for circular supply
chains: by offering greater visibility across the product lifecycle, IoT may facilitate smarter resource
allocation and more sustainable operational practices (Liu et al., 2023; Farazi, 2024).

Alongside 10T, big data has emerged as another pillar of digital transformation. Typically
characterised by its volume, velocity, and variety, big data defies traditional processing methods
and necessitates more sophisticated approaches—advanced analytics, Al, machine learning, and
the like (Tiwari et al., 2018; Cheng et al., 2021). When applied judiciously, big data can enhance
circular supply chains by enabling real-time data generation, resource efficiency, and adaptive
decision-making (Patil et al., 2023).

The dominance and persistence of blockchain and IoT reflect their functional role as
traceability and trust enablers. This mechanism directly facilitates reverse flows and is consistent
with H2’s descriptive expectation that keywords referring to traceability and transparency
technologies (blockchain and IoT) will more frequently appear in the same articles as terms

describing circular practices than keywords for general-purpose digital systems (Kouhizadeh &
Sarkis, 2018).

3.2. Trendy topics

Trendy keywords are those falling into the quadrant associated with a dominance value
higher than the ADC and the persistence value lower than the APC. Although these keywords have
appeared in the literature recently, they have attracted significant research interest. These keywords
include: ‘digitalisation’, ‘artificial intelligence’ and ‘digital supply chain’.

Artificial Intelligence (Al) refers to computer systems that can perform tasks typically
requiring human intelligence, such as learning, reasoning, and decision-making (Wu et al., 2025).
In fact, the integration of Al-based analytics in circular supply chains supports closed-loop flows
(Lodar-Miculeac et al., 2025). AI’s application in circular supply chains is newer compared to IoT
and blockchain, which have established roles in traceability and real-time monitoring (Liu et al.,
2023; Farazi, 2024). In addition, Al is often positioned as an enabler that amplifies the benefits of
IoT, big data, and blockchain, rather than replacing them (Priyanshu et al., 2024; Sah et al., 2024).

The rising prominence of Al is consistent with the idea that analytics tools strengthen firms’
ability to detect and operationalise circular opportunities (Zamani et al., 2023). This pattern is
consistent with H1’s descriptive expectation that keywords indicating greater topical prominence
of digital technologies will more frequently appear in articles discussing circular supply-chain

91



AGGOUR A. (2025) * IIDAM « Vol.2 (2), 2025 « eISSN: 2976-0453

practices, particularly in contexts where firms report routines to transform data into operational
decisions.

3.3. Emerging or Phantom topics

The third quadrant with a dominance value lower than the ADC and the persistence value
lower than the APC represents the emerging topics. The topics includes, but not limited to, 3D
printing’, ‘Industry 5.0°, ‘robots’, ‘digital twins’, etc. These keywords have been used for a short
time in academic studies (phantom) or are just beginning to gain interest from researchers
(emerging).

3D printing, also known as additive manufacturing, is a process that builds objects layer by
layer from digital designs, allowing for rapid prototyping, customisation, and the creation of
complex shapes that are difficult or impossible with traditional methods (Shree et al., 2020; Bhalla
et al.,, 2021). 3D printing offers significant benefits for circular supply chains by enabling waste
reduction, local production, and material recycling (Thomas & Mishra, 2022; Garmulewicz et al.,
2018).

Digital twins are virtual representations of physical assets, processes, or systems that are
continuously updated with real-time data, enabling monitoring, simulation, and optimisation
throughout the product lifecycle (Kamble et al., 2022; Nathany, 2025). In the context of circular
supply chains, digital twins offer significant benefits by enabling tracking of products for reuse,
remanufacturing, and recycling (Islam, 2024). In addition, digital twins facilitate reverse logistics
and resource recovery, aligning with circular economy goals (Chen & Huang, 2021).

Emerging technologies such as 3D printing and digital twins align with circular business
model innovation. Their status as emerging or phantom in the literature likely reflects
implementation, scalability and institutional barriers rather than lack of potential to support circular
practices (Despeisse et al., 2017).

Thus, the results discussed in the previous subsections highlight the different digital
technologies used in the context of circular supply chains. The table below summarises the different
technologies with their benefits for circular supply chains as well as the barriers that limit their
integration (Table 3).

Table 3 Benefits and barriers of digital technologies in the context of circular supply chain

Digital
Identified benefits Barriers to implementation
Technologies
Enhance traceability of materials and Inconsistent regulations, lack of
products, supporting closed-loop = standardisation, and insufficient
Blockchain systems and compliance  with = policy support

environmental standards (Kouhizadeh &
Sarkis, 2018)

Support real-time monitoring, predictive = High implementation costs, lack of

maintenance, and optimal allocation of = interoperability, — data  security
ToT

resources, reducing waste and improving = concerns, and technological

efficiency (Jum'a et al., 2024) complexity
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Support predictive analytics, demand Require significant digital skills and
Big Data forecasting, and  decision-making data management capabilities

(Zamani et al., 2023)

Predictive analytics, automation, resource = High implementation COSsts,
Al optimisation, and  decision-making technical complexity, and the need

support (Zamani et al., 2023) for organisational change

Facilitate  product remanufacturing, Limited financial resources,

3D printing /
reuse, and recycling, extending product inadequate infrastructure, and high

Additive ) ] ) ) ]
. lifecycles and  supporting  circular = upfront investment requirements
manufacturing ‘ .
strategies (Despeisse et al., 2017)
Real-time  data sharing  reduces Lack of standardisation, data
Digital twins information — asymmetry, supporting integration issues, and the need for
better material circulation (Islam, 2024)  significant I'T infrastructure
Source: Authot’s elaboration
Conclusion

Digital technologies are transforming circular supply chains by enabling more efficient
resource use, waste reduction, and improved sustainability. Technologies such as the Internet of
Things, artificial intelligence, blockchain, big data analytics, and digital twins support real-time
monitoring, traceability, and data-driven decision-making across product life cycles, from design to
end-of-life management. These technologies help companies optimise resource distribution,
enhance transparency, and extend product lifespans through remanufacturing, recycling, and reuse.

The keyword analysis positions our findings within the key research streams on digital
technologies and circular supply chains. Previous reviews and empirical studies have emphasised
the central role of blockchain and IoT for enabling provenance, trust and reverse-flow contracts.
Our analysis results confirm this emphasis by showing that these technologies occupy the most
persistent and dominant topical positions in the literature. Analytics technologies such as big data
and Al are recognised as enablers of adaptive and predictive circular operations. We find these
topics to be increasingly prominent, which extends the literature by documenting a shift from
proof-of-concept studies toward growing research attention on data-driven decision support. The
literature has identified 3D printing and digital twins as promising but under-tested avenues. Our
mapping aligns with that claim by identifying these technologies as emerging topics and
underscores the need for more firm level and sectoral empirical studies.

However, despite the promise of digital technologies in advancing circular supply chains,
empirical evidence of their impact remains limited. Their large-scale deployment is often
constrained by unreliable IoT data, weak interoperability, and fragmented governance structures.
In addition, high implementation costs, technological complexity, and regulatory constraints
continue to present significant challenges.

As with other academic studies, this paper has limitations. The reliance on Scopus and Web
of Science restricts coverage mainly to peer-reviewed and English-language publications, thereby
excluding grey literature such as industry reports and limiting access to non-English perspectives.
Furthermore, the dataset analysed in this study covers publications up to 2024, which means that
the most recent advances may not yet be reflected.

Future research on digital technologies in circular supply chains should move toward
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integrated frameworks that combine multiple tools, supported by quantitative methods and clear
performance metrics to assess economic, environmental, and social outcomes. Future studies
should also explicitly incorporate diverse evidence sources, such as grey literature and industry
reports, and multilingual approaches to capture regional and practice-based variation while
extending the time coverage beyond 2024 to reflect the most recent developments. Further
investigation of technology-specific applications, as well as sectoral contexts, will be essential to
tully capture the potential of digital technologies in advancing supply chain circularity.
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