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Abstract

The transition toward sustainable industrial systems has
underscored the necessity of integrating Circular Economy (CE)
principles with Industry ¢, technologies. Despite expanding studies in
both fields, an integrated and process-oriented framework that explains
the systematic interaction of these approaches to enhance sustainable
performance remains absent in the existing literature. This research
aims to identify existing gaps and propose an integrated conceptual
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framework for improving sustainable performance based on the
synergy between CE and Industry ¢,-. Employing a systematic
literature review (SLR) following Sandelowski and Barroso's seven-
step approach, a systematic search was conducted across reputable
international databases for the period Y:)e-Y.Y1. After applying
inclusion and exclusion criteria, selected articles were analyzed. A total
of ¢.v initial codes were extracted and, following conceptual
refinement, organized into ¢4 indicators and YY criteria. These
indicators were categorized into five sustainable performance
improvement processes: procurement, design and development,
production and operations, distribution and use, and maintenance.
Findings reveal that the literature focuses predominantly on production
and operations, while upstream and midstream value chain processes
remain under-explored. The proposed framework demonstrates that
Industry ¢, technologies act as enablers for implementing the ten
principles of the Circular Economy. By rearranging five organizational
processes, these technologies simultaneously enhance the economic,
environmental, and social dimensions of sustainable performance. The
research's novelty lies in providing an integrated, process-oriented
model that elucidates the mechanisms for achieving practical
sustainable performance through the nexus of CE and Industry ¢, .

Keywords: Circular economy, Industry ¢+, Sustainable
performance, Process improvement, Systematic literature review

Introduction: The transition toward sustainable industrial
systems has highlighted the necessity of integrating Circular Economy
(CE) principles with Industry ¢.- technologies. Despite growing
research, an integrated process-oriented framework explaining their
systematic interaction to enhance sustainable performance remains
absent. This study addresses this gap by proposing a conceptual
framework demonstrating how the synergy between CE and Industry
¢,+ can improve sustainable performance through reorganizing five
supply chain processes: procurement, design and development,
production and operations, distribution, and use and maintenance. The
CE literature has evolved from YR approaches to comprehensive
frameworks such as the YR model (Potting et al., Y+ V). Industry ¢,
technologies—IoT, Al, big data analytics, blockchain, additive
manufacturing, and cyber-physical systems—are recognized as
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enablers for circular practices (Rajput & Singh, Y+14; Hanetal., Y- YY).
However, existing studies focus primarily on technological dimensions
or conceptual relationships, with limited attention to process-oriented
implementation frameworks (Rosa et al., Y:Y+; Patyal et al., Y:YY;
Alsaoudi et al., Y+ Ye). Most studies focus on macro-level relationships
or review technologies and principles, with less attention to practical
process-oriented frameworks. Many studies do not simultaneously
address all three sustainability dimensions, predominantly focusing on
environmental and economic aspects. A systemic approach explaining
the dynamic interaction of CE principles and Industry ¢, within supply
chain processes is rarely observed. Moreover, a study that
systematically extracts and classifies sustainable performance
indicators within a coherent framework is not available.

Methodology: This research employs a systematic literature
review (SLR) based on qualitative meta-synthesis. SLR serves as the
method for systematic search, screening, and selection of articles based
on a specific protocol to prevent selection bias and ensure transparency
and replicability (Kitchenham & Charters, Y. +V; Okoli & Schabram,
Y«V+). Meta-synthesis serves as the method for analyzing and
synthesizing qualitative findings, enabling extraction of codes,
concepts, and indicators into a new conceptual framework
(Sandelowski & Barroso, Y::V; Walsh & Downe, Y::¢). The study
followed Sandelowski and Barroso's seven-step approach (Y::Vv). A
systematic search was conducted across Scopus, Web of Science, and
ScienceDirect, and complementary Persian databases (Civilica,
Magiran, SID) for Y.Ye-v.Y1,  After applying inclusion/exclusion
criteria and CASP quality assessment, Y'Y articles were selected. Data
analysis employed open, axial, and selective coding, extracting ¢+v
initial codes, refined into ¢4 indicators and Y'Y criteria. Reliability was
assessed using Cohen's kappa (k = +,A£Y), indicating strong agreement.

Findings: Indicators were categorized into five processes: (V)
procurement, (Y) design and development, (¥) production and
operations, (¢) distribution, and (¢) use and maintenance. Quantitative
distribution shows production and operations with the highest share (11
indicators, YY,VvZ), followed by use and maintenance (1, YY,£7%), design
and development () +, Y+,£7%), distribution (v, Y¢,¥7%), and procurement
(e, Y+,Y%). This reveals a significant research imbalance, indicating
upstream and midstream processes have been underexplored. Industry
¢, technologies act as enablers for implementing Y +R principles across
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all five processes, simultaneously enhancing economic, environmental,
and social dimensions.

Discussion and Conclusion: Sustainable performance is
achieved through strategic alignment of CE and Industry ¢, within
organizational processes. The novelty lies in providing an integrated,
process-oriented model that operationalizes indicators within five
concrete processes and explains how technologies enable ‘'R
implementation. This alignment between methodology and findings
validates the framework as an outcome of analyzing scattered literature
data, not a predetermined model. Limitations include: () Framework
based on literature review lacking empirical testing; (Y) Selected
articles limited to specific databases; (¥) Time frame (Y:)e-Y:¥1) may
exclude key earlier studies; (¢) CASP assessment involves subjectivity;
(°) Implementation requires digital infrastructure and organizational
maturity. Future research should focus on: ()) empirical validation
using quantitative methods across industries; (¥) investigating
moderating variables including organizational size, digital maturity,
and institutional pressures; (¥) developing social dimensions of
sustainable performance; (¢) applying system dynamics to analyze
long-term behavior and feedback loops; (¢) conducting comparative
studies across industries and developed versus developing countries.
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