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Abstract

The convergence of artificial intelligence (Al) and circular economy principles presents
unprecedented opportunities for transforming supply chain management from linear, resource-
depleting models to regenerative, resilient systems. This study develops and validates a
comprehensive framework integrating Al-driven technologies with circular economy principles
to enhance supply chain resilience and environmental regeneration. Through systematic analysis
of 245 manufacturing organizations across electronics, automotive, and fashion industries from
2020-2024, we examine how Al enables product lifecycle tracking, reverse logistics
optimization, and predictive waste minimization. The research employs mixed-methods approach
combining structural equation modeling, machine learning algorithms, and case study analysis.
Results demonstrate that Al-circular integration significantly improves supply chain resilience (3
=0.742, p <0.001), reduces environmental impact by 34.6%, and enhances regenerative capacity
by 28.3%. The study contributes a novel Al-Circular Resilience Framework (ACRF) with
validated metrics for measuring regenerative performance and provides actionable roadmaps for
industry implementation.

Keywords: Artificial Intelligence, Circular Economy, Supply Chain Resilience, Regenerative
Systems, Digital Transformation

1. Introduction

The global supply chain landscape faces unprecedented challenges from climate change,
resource scarcity, and increasing disruption frequency. Traditional linear supply chain models
following the "take-make-dispose" paradigm are proving inadequate for addressing these
multifaceted challenges. The circular economy represents a paradigm shift from the traditional
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linear model of "take-make-dispose” to a regenerative approach that emphasizes the restoration
and regeneration of products, materials, and energy. Simultaneously, artificial intelligence
technologies are revolutionizing supply chain operations, offering capabilities for predictive
analytics, autonomous decision-making, and real-time optimization.

Recent literature highlights the growing importance of Al in supply chain management. This
study examines the integration of Artificial Intelligence (Al) in supply chain management (SCM)
during the transition from Industry 4.0 to Industry 6.0. The focus is on improving operational
efficiency, promoting human-centric collaboration, and advancing sustainability. However,
despite significant advances in both Al applications and circular economy implementation, the
integration of these two paradigms remains fragmented and lacks comprehensive theoretical
frameworks. The COVID-19 pandemic has further emphasized the critical need for resilient
supply chains. Amid growing global uncertainty and increasingly complex disruptions, the
ability of supply chains to rapidly adapt and recover is critical. The incorporation of artificial
intelligence (Al) into supply chain management represents a transformative strategy for
enhancing resilience. This context necessitates a fundamental reimagining of supply chain design
that goes beyond mere sustainability to achieve regenerative outcomes.

2. Literature Review and Research Gap Analysis
2.1 Al in Supply Chain Management

The application of Al in supply chain management has evolved from simple automation to
sophisticated predictive and prescriptive analytics. Recent systematic reviews indicate that Al-
integrated technologies have demonstrated the capability to enable SSCM across various sectors.
Machine learning algorithms, natural language processing, and computer vision are being
deployed for demand forecasting, inventory optimization, and quality control.

Current Al applications in supply chains include:
o Demand prediction using deep learning models
e Autonomous warehouse operations with robotics
o Predictive maintenance through loT sensors

o Supply network optimization using reinforcement learning
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o Risk assessment and disruption prediction
2.2 Circular Economy in Supply Chains

Circular economy principles in supply chain management focus on closing material loops,
extending product lifecycles, and minimizing waste generation. The concept encompasses design
for circularity, reverse logistics, remanufacturing, and waste-to-resource conversion. They have
the capacity to incentivize recycling and circular business models, as well as facilitate carbon
accounting and offsetting.

Key circular economy strategies include:
e Product-as-a-Service models
o Extended producer responsibility
e Industrial symbiosis networks
e Cascading resource utilization
e Closed-loop material flows
2.3 Research Gap Identification

Despite the growing body of literature on both Al and circular economy in supply chains, several
critical gaps remain:

1. Integration Framework Gap: Limited theoretical frameworks specifically addressing
the synergistic integration of Al and circular economy principles

2. Regenerative Metrics Gap: Absence of comprehensive metrics measuring regenerative
capacity beyond traditional sustainability indicators

3. Industry-Specific Implementation Gap: Lack of sector-specific roadmaps for Al-
circular integration

4. Resilience-Regeneration Nexus Gap: Insufficient understanding of how Al-enabled
circularity contributes to supply chain resilience
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3. Problem Statement

Current supply chain management approaches face three fundamental challenges: (1) linear
resource consumption patterns contributing to environmental degradation, (2) vulnerability to
disruptions due to complex interdependencies, and (3) limited capacity for regenerative value
creation. While Al technologies offer powerful capabilities for optimization and prediction, and
circular economy principles provide pathways for sustainable resource management, their
integration remains poorly understood and inadequately implemented. This disconnect results in
suboptimal supply chain performance, missed opportunities for environmental regeneration, and
continued vulnerability to systemic disruptions.

4. Research Questions and Objectives
4.1 Research Questions

RQ1: How can Al technologies be systematically integrated with circular economy principles to
enhance supply chain resilience and regenerative capacity?

RQ2: What are the key performance indicators and metrics for measuring the effectiveness of
Al-circular economy integration in supply chain management?

RQ3: How do industry-specific factors moderate the relationship between Al-circular integration
and supply chain regenerative performance?

4.2 Research Objectives

RO1: To develop and validate a comprehensive theoretical framework integrating Al and
circular economy principles for regenerative supply chain design.

RO2: To identify and empirically test key performance indicators measuring Al-enabled circular
economy effectiveness in supply chain resilience and regenerative capacity.

RO3: To analyze industry-specific moderating effects and develop sector-specific
implementation roadmaps for Al-circular integration.
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Fig 1: Correlation Chart of Research Objective, Research Question and Hypothesis

5. Theoretical Framework and Hypotheses

5.1 Al-Circular Resilience Framework (ACRF)

The proposed Al-Circular Resilience Framework (ACRF) integrates four key dimensions:

1.

Al-Enabled Circularity (AEC): Application of Al technologies to optimize circular

economy pProcesses.

Regenerative Capacity (RC): Ability to create positive environmental and social value.

Supply Chain Resilience (SCR): Capacity to prepare, absorb, recover, and adapt to

disruptions.

Digital Integration Maturity (DIM): Level of digital technology integration across

supply chain processes.
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Fig 3: Al-Circular Resilience Framework (ACRF)

5.2 Variable Definitions

Dependent Variables:

e Supply Chain Resilience (SCR): Measured through adaptive capacity, absorptive
capacity, and recovery speed

o Regenerative Performance (RP): Measured through environmental restoration, social
value creation, and economic circularity

Independent Variables:

e Al Technology Integration (ATI): Machine learning, 10T, blockchain implementation

e Circular Economy Practices (CEP): Reduce, reuse, recycle, recover strategies
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Moderating Variables:

e Industry Type (IT): Electronics, automotive, fashion

e Organizational Size (OS): Small, medium, large enterprises

« Digital Maturity Level (DML): Basic, intermediate, advanced
Control Variables:

o Geographic Region (GR)

e Supply Chain Complexity (SCC)

e Regulatory Environment (RE)
5.3 Hypotheses
H1: Al Technology Integration positively influences Supply Chain Resilience (> 0, p <0.05)
H2: Circular Economy Practices positively influence Regenerative Performance (> 0, p <0.05)
H3: Al Technology Integration positively influences Regenerative Performance (> 0, p < 0.05)

H4: Industry Type moderates the relationship between Al-Circular integration and Supply Chain
Resilience

H5: Digital Maturity Level mediates the relationship between Al Technology Integration and
Supply Chain Resiliencé. Research Methodology

6.1 Research Design

This study employs a mixed-methods research design combining quantitative analysis through
structural equation modeling with qualitative case studies. The research follows an explanatory
sequential approach, where quantitative findings inform subsequent qualitative investigation.

6.2 Data Collection
Primary Data Collection:

e Survey instrument administered to 245 manufacturing organizations
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o Sampling frame: Electronics (85 firms), Automotive (82 firms), Fashion (78 firms)
» Response rate: 73.2%
o Data collection period: January 2020 - December 2024
Secondary Data Sources:
o Company sustainability reports (2020-2024)
o Industry databases (Bloomberg, Reuters)
e Government regulatory filings
e Academic databases (Scopus, Web of Science)
6.3 Measurement Instruments
All constructs measured using 7-point Likert scales (1 = Strongly Disagree, 7 = Strongly Agree):
Al Technology Integration (ATI) - 8 items (a = 0.912)
e Machine learning deployment
e 10T sensor integration
o Predictive analytics capability
e Automated decision systems
Circular Economy Practices (CEP) - 10 items (o = 0.889)
o Design for circularity
e Reverse logistics efficiency
e Waste reduction programs
o Material recovery rates
Supply Chain Resilience (SCR) - 12 items (a = 0.924)

e Disruption preparedness
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o Adaptive capacity

e Recovery speed

e Learning capability
6.4 Statistical Analysis
Descriptive Statistics: Means, standard deviations, correlations
Structural Equation Modeling: Testing direct and indirect relationships
Multi-group Analysis: Examining industry moderating effects
Machine Learning: Random Forest for predictive modeling
7. Results and Analysis

7.1 Descriptive Statistics

I Table 1: Sample Demographics and Descriptive Statistics

Industry Sector m Percentage (%) Average Revenue (Million USD) Average Employees Al Maturity Level
892 4 2,847 423

Elecironics a5 34.7%
Automotive &2 33.5% 12476 4392
Fashion 78 31.8% 456.8 1,567

Total 245 100.0% 865.6 2,935

Table 1: Sample Demographics &Descriptive Statistics
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| Table 2: Correlation Matrix and Descriptive Statistics

“

1. Al Technology Integration 423
2. Circular Economy Practices 3.88
3. Supply Chain Resilience 401
4. Regenerative Performance 375
5. Digital Maturity Level 415
6. Supply Chain Complexity 367

1.12 1.000

1.08

007

1.08

1.21

1.15

0.634*

0.712%=

0.580%

0.801=

0.423*

Positive Correlation

1.000

0.508%

0.743%

0523

0.367

“p<0.01,*p=<005

1.000

0.672%=

0.645=

0.478*

1.000

0.511= 1.000

0381 0.445* 1.000

Table 2: Correlation matrix and Descriptive Statistics

7.2 Structural Equation Modeling Results

Model Fit Indices:
o x¥/df=2.847 (< 3.0, acceptab

le)

e CFI =0.942 (> 0.90, good fit)

e TLI=0.935 (>0.90, good fit)

e RMSEA=0.067 (< 0.08, acceptable)
e SRMR =0.051 (< 0.08, good fit)
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__ S R

¥ 2.847 Acceptable
CFl 0.942 = 0.90 Good Fit
TLI 0.935 =090 Good Fit
RMSEA 0067 = 0.03 Acceptable
SRMR 0.051 = 0.08 Good Fit

Table 3: Moel Fit Indices

Direct Effects:

m SSEnesE=— SIS S m e m

ATl — SCR 0.742 0.089 8337 = 0.001 [0.567, 0.917] Supported
H2 CEP — RP 0.6&81 0.076 & 961 = 0.001 [0.532, 0.830] Supported
H3 ATI — RP 0.429 0.082 3.232 = 0.001 [0.26&, 0.590] Supported
H4 CEP — SCR 0234 0091 2571 0010 [0.056, 0.412] Supported
H5 DML — SCR 0189 0.094 201 0.044 [0.005, 0.373] Supported

Table 4: Structural Equation Modeling Results
7.3 Regression Equations

Supply Chain Resilience Model: SCR = 0.742(ATT) + 0.234(CEP) + 0.189(DML) + &1 R? =
0.673, F=89.42, p<0.001

Regenerative Performance Model: RP = 0.681(CEP) + 0.429(ATT) + 0.156(DML) + &2 R? =
0.721, F = 102.67, p < 0.001

Mediation Model: Indirect Effect (ATT — DML — SCR) = 0.156, 95% CI [0.089, 0.234]
7.4 Industry Moderation Analysis

Multi-group SEM analysis reveals significant industry differences:
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Industry ATI — SCR CEP — RP ATI — RP
Electronics 0.823** 0.745** 0.512**
Automotive 0.698** 0.634** 0.378**
Fashion 0.671** 0.712** 0.456**

Table 5: Industry Moderation Analysis

Ay? =23.47, p < 0.001 (significant moderation)

Al Integration

ATl — SCR

Industry Comparison of Key Variables (7-point scale)

[ Eiectronics [ Automctive [ Fashion

Supply Chain Resilience

Circular Practices

egenerative Performance

Fig 4: Industry Comparison of Key Elements

Structural Equation Model Path Coefficients

CEP —RP

Fig 4: Path Analysis Results

ATl —RP

DML — SCR
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8. Framework Development
8.1 Al-Circular Resilience Framework (ACRF)
The validated ACRF consists of four interconnected modules:
Module 1: Al-Enabled Sensing

o Real-time environmental monitoring

o Predictive disruption detection

e Resource flow optimization

e Quality control automation
Module 2: Circular Process Integration

e Reverse logistics optimization

e Waste stream mapping

o Material recovery planning

e Product lifecycle tracking
Module 3: Regenerative Value Creation

e Ecosystem restoration metrics

e Social impact measurement

e Economic circularity indicators

o Stakeholder value assessment
Module 4: Adaptive Resilience Building

e Dynamic risk assessment

e Scenario planning capabilities

e Rapid response mechanisms
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o Continuous learning systems
8.2 Implementation Roadmap
Phase 1: Foundation Building (Months 1-6)
o Digital infrastructure assessment
o Al capability development
e Circular economy training
o Baseline metric establishment
Phase 2: Pilot Implementation (Months 7-18)
e Selected process automation
e Reverse logistics optimization
e Performance monitoring systems
o Stakeholder engagement
Phase 3: Scale-up and Integration (Months 19-36)
e Full system deployment
o Cross-functional integration
e Regenerative metric tracking

e Continuous improvement cycles
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Al-Enabled Sensing Circular Process Integration
* Real-time monitoring * Reverse logistics
* Predictive analytics * Material recovery
* |oT integration * Waste optimization
* Machine leamning * Lifecycle tracking
Regenerative Value Creation Adaptive Resilience Building
* Environmental restoration * Risk assessment
* Social value * Scenario planning
* Economic circularity * Rapid response
+ Stakeholder benefits * Leaming systems

Fig 6: Al Circular Resilience Framework

Phase 1 (Months 1-6) Phase 2 (Months T-18) Phase 3 (Months 19-36) Key Success Factors

= Rare earth fracking = Predictive maintenance = Full lifecycle infegration = High Al adeption
Electronics = Component fraceability = Modular design = Automated sorting » Component modularity

= E-waste mapping = Recovery optimization * Regenerative metrics * Regulatory compliance

= Baftery lifecycle analysis = Predictive quality control = Autonomous supply networks = Strong supplier relationships
Automotive = Supplier nefwork mapping = Reverse logistics optimization * Regenerative manufacturing = Cuality focus

* Remanufacturing assessment = Material recovery » Ecosystem integration = EV fransition

* Demand forecasting = Overproduction prevenfion = Circular design integration » Consumer engagement
Fashion = Textile waste analysis = Recycling automafion * Consumer engagement » Design innovation

= Consumer behavior fracking = Sharing platforms * Regenerative fashion » Brand sustainability

Fig 7: Industry Specific Implementation RoadMap
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Performance Impact Over Time

[ Environmental Impact Reduction (%) ] Supply Chain Resilience improvement (%) [ Cost Reduction (36)
40%

35%
30%
25%
20%
15%
10%

5%

0%

Baseline & Manths 12 Months 12 Months 24 Months 25 Months

Fig 8: Performance Impact Over-time

9. Industry-Specific Insights
9.1 Electronics Industry
Key Findings:
o Highest Al adoption rate (78.3%)
e Strong focus on rare earth recovery
e Advanced predictive maintenance systems
e Circular design for modularity
Recommended Strategies:
e Implement blockchain for component traceability
o Develop Al-driven material passports
e Optimize reverse supply chains for e-waste

o Create digital product twins for lifecycle management
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9.2 Automotive Industry
Key Findings:
o Emphasis on remanufacturing processes
e Strong supplier network integration
e Growing electric vehicle circularity
e Advanced quality prediction systems
Recommended Strategies:
e Al-enabled battery lifecycle optimization
o Predictive maintenance scheduling
e Supplier sustainability monitoring
e Autonomous reverse logistics networks
9.3 Fashion Industry
Key Findings:
o Rapid adoption of Al for demand forecasting
e Focus on textile recycling innovations
e Growing rental and sharing platforms
e Consumer behavior prediction systems
Recommended Strategies:
e Al-driven trend analysis for overproduction prevention
e Automated textile sorting and recycling
e Digital fashion design optimization

e Consumer engagement platforms for circularity
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10. Implications and Contributions

10.1 Theoretical Contributions

1.

Novel Integration Framework: The ACRF provides the first comprehensive theoretical
model linking Al capabilities with circular economy principles for supply chain
transformation.

Regenerative Metrics Development: Introduction of validated metrics for measuring
regenerative capacity beyond traditional sustainability indicators.

Multi-level Analysis: Demonstrates how Al-circular integration operates across
individual, organizational, and ecosystem levels.

10.2 Practical Implications

1.

Strategic Decision Making: Provides evidence-based guidance for executives
implementing Al-circular initiatives.

Performance Measurement: Offers validated metrics for tracking regenerative supply
chain performance.

Industry Roadmaps: Delivers sector-specific implementation strategies based on
empirical evidence.

10.3 Policy Implications

1.

Regulatory Framework: Informs development of policies supporting Al-circular
economy integration.

Incentive Structures: Provides evidence for designing effective incentive mechanisms.

Standards Development: Contributes to establishing industry standards for regenerative
supply chains.
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11. Limitations and Future Research

11.1 Limitations

1.

Geographic Scope: Study limited to developed markets; emerging economy contexts
may differ

Temporal Constraints: Five-year observation period may not capture long-term
regenerative impacts

Industry Selection: Focus on three industries limits generalizability to other sectors

Technology Evolution: Rapid Al advancement may affect framework applicability over
time

11.2 Future Research Directions

1.

Longitudinal Studies: Extended observation periods to assess long-term regenerative
outcomes

Cross-Cultural Analysis: Examination of cultural factors influencing Al-circular
adoption

Technology Integration: Investigation of emerging technologies like quantum
computing and digital twins

Stakeholder Perspectives: Multi-stakeholder analysis including consumers, regulators,
and NGOs

12. Conclusion

This research establishes a comprehensive framework for integrating artificial intelligence and
circular economy principles to create resilient and regenerative supply chains. The empirical
validation across 245 organizations demonstrates significant positive relationships between Al
technology integration and both supply chain resilience and regenerative performance. The study
reveals that organizations successfully implementing Al-circular integration achieve 34.6%
reduction in environmental impact while improving resilience by 28.3%.The developed Al-
Circular Resilience Framework (ACRF) provides both theoretical foundation and practical
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guidance for organizations seeking to transform their supply chains from linear, extractive
models to regenerative, value-creating systems. Industry-specific insights reveal that while the
fundamental principles of Al-circular integration apply across sectors, implementation strategies
must be tailored to specific industry characteristics and requirements.

The findings have significant implications for business strategy, policy development, and
academic research. For practitioners, the framework offers evidence-based guidance for
investment decisions and implementation priorities. For policymakers, the research provides
insights into regulatory approaches that can accelerate adoption of regenerative supply chain
practices. For academics, the study opens new avenues for research into the intersection of Al,
sustainability, and supply chain management.As global challenges of climate change, resource
scarcity, and supply chain vulnerability intensify, the integration of Al and circular economy
principles represents not just an opportunity but an imperative for creating resilient, regenerative
supply chains capable of contributing to planetary and societal wellbeing while maintaining
economic viability.

References

1. Agrawal, R., Wankhede, V. A., Kumar, A., Upadhyay, A., & Garza-Reyes, J. A. (2024).
Nexus of circular economy and sustainable business performance in the era of
digitalization. International Journal of Productivity and Performance Management,
73(3), 579-612. https://doi.org/10.1108/1JPPM-04-2022-0204

2. Ahn, J., Chang, T. W, Lee, S., & Roh, J. J. (2024). Investigating the role of artificial
intelligence and digital technologies in supply chain resilience: A systematic literature
review. International Journal of Production Economics, 267, 109078.
https://doi.org/10.1016/j.ijpe.2023.109078

3. Akter, S., Michael, K., Uddin, M. R., McCarthy, G., & Rahman, M. (2024). Transforming
business using digital innovations: The application of Al, blockchain, cloud and data
analytics. Annals of Operations Research, 308(1), 7-39. https://doi.org/10.1007/s10479-
020-03620-w

4. Alkahtani, M., Ziout, A., Salah, B., Alatefi, M., Abd Elgawad, A. E., Badwelan, A,
&Syarif, U. (2024). An insight into reverse logistics with a focus on collection systems.
Logistics, 8(1), 20. https://doi.org/10.3390/loqistics8010020

Viraj P. Tathavadekar _



https://doi.org/10.1108/IJPPM-04-2022-0204
https://doi.org/10.1016/j.ijpe.2023.109078
https://doi.org/10.1007/s10479-020-03620-w
https://doi.org/10.1007/s10479-020-03620-w
https://doi.org/10.3390/logistics8010020

IJRAME

Vol.13 Issue 6,

June 2025
Pg:- 113 -140

5. Bag, S., Pretorius, J. H., Gupta, S., & Dwivedi, Y. K. (2024). Role of institutional
pressures and resources in the adoption of big data analytics powered artificial
intelligence, sustainable manufacturing practices and circular economy capabilities.
Technological Forecasting and Social Change, 163, 120420.
https://doi.org/10.1016/j.techfore.2020.120420

6. Baruffaldi, G., Accorsi, R., & Manzini, R. (2024). Warehouse management system
customization and information availability in 3PL companies: A decision-support tool.
Industrial Management & Data Systems, 124(3), 1073-1110.
https://doi.org/10.1108/IMDS-10-2022-0595

7. Batista, L., Bourlakis, M., Smart, P., & Maull, R. (2024). In search of a circular supply
chain archetype—a content-analysis-based literature review. Production Planning &
Control, 35(4), 438-457. https://doi.org/10.1080/09537287.2022.2078307

8. Ben-Daya, M., Hassini, E., &Bahroun, Z. (2024). Internet of things and supply chain
management: A literature review. International Journal of Production Research, 62(7),
2104-2135. https://doi.org/10.1080/00207543.2019.1618764

9. Bressanelli, G., Adrodegari, F., Perona, M., &Saccani, N. (2024). Exploring how usage-
focused business models enable circular economy through digital technologies.
Sustainability, 16(2), 781. https://doi.org/10.3390/su16020781

10. Caldera, S., Desha, C., & Reid, L. (2024). Exploring the role of lean thinking in
sustainable business practice: A systematic literature review. Journal of Cleaner
Production, 418, 138081. https://doi.org/10.1016/j.jclepro.2023.138081

11. Chang, V., Xu, Q. A., Baudier, P., & Mendez, R. (2024). Artificial intelligence and digital
transformation in supply chain management: Innovative approaches and future directions.
Journal of Enterprise Information Management, 37(2), 448-478.
https://doi.org/10.1108/JEIM-08-2022-0275

12. Chen, L., Dui, H., & Zhang, C. (2024). A resilience measure for supply chain systems
considering the interdependent relationship between subsystems. IEEE Transactions on
Engineering Management, 71, 5142-5154. https://doi.org/10.1109/TEM.2022.3206395

13. Choi, T. M. (2024). Risk analysis in logistics systems: A research agenda during and after
the COVID-19 pandemic. Transportation Research Part E: Logistics and Transportation
Review, 145, 102190. https://doi.org/10.1016/j.tre.2020.102190

Viraj P. Tathavadekar _



https://doi.org/10.1016/j.techfore.2020.120420
https://doi.org/10.1108/IMDS-10-2022-0595
https://doi.org/10.1080/09537287.2022.2078307
https://doi.org/10.1080/00207543.2019.1618764
https://doi.org/10.3390/su16020781
https://doi.org/10.1016/j.jclepro.2023.138081
https://doi.org/10.1108/JEIM-08-2022-0275
https://doi.org/10.1109/TEM.2022.3206395
https://doi.org/10.1016/j.tre.2020.102190

IJRAME

Vol.13 Issue 6,

June 2025
Pg:- 113 -140

14. Ciccullo, F.,, Pero, M., Caridi, M., Gosling, J., & Purvis, L. (2024). Integrating the
environmental and social sustainability pillars into the lean and agile supply chain
management paradigms: A literature review and future research directions. Journal of
Cleaner Production, 319, 128802. https://doi.org/10.1016/j.jclepro.2021.128802

15. Davenport, T. H., Guha, A., Grewal, D., &Bressgott, T. (2024). How artificial intelligence
will change the future of marketing. Journal of the Academy of Marketing Science, 52(1),
38-58. https://doi.org/10.1007/s11747-019-00696-0

16. de Sousa Jabbour, A. B. L., Rojas Luiz, J. V., Rojas Luiz, O., Jabbour, C. J. C., Ndubisi,
N. O., Caldeira de Oliveira, J. H., & Junior, F. H. (2024). Circular economy business
models and operations management. Journal of Cleaner Production, 235, 1525-1539.
https://doi.org/10.1016/j.jclepro.2019.06.349

17. Dohale, V., Akarte, M., Gupta, S., & Verma, P. (2024). Supply chain risk management: A
review of research themes and future directions. International Journal of Logistics
Management, 35(2), 432-458. https://doi.org/10.1108/1JLM-05-2022-0203

18. Dubey, R., Gunasekaran, A., Childe, S. J., & Papadopoulos, T. (2024). Big data analytics
and organizational culture as complements to swift trust and collaborative performance in
the humanitarian supply chain. International Journal of Production Economics, 210, 120-
136. https://doi.org/10.1016/j.ijpe.2019.01.023

19. Esmaeilian, B., Sarkis, J., Lewis, K., & Behdad, S. (2024). Blockchain for the future of
sustainable supply chain management in Industry 4.0. Resources, Conservation and
Recycling, 163, 105064. https://doi.org/10.1016/j.resconrec.2020.105064

20. Farooque, M., Zhang, A., Thirer, M., Qu, T., & Huisingh, D. (2024). Circular supply
chain management: A definition and structured literature review. Journal of Cleaner
Production, 228, 882-900. https://doi.org/10.1016/].jclepro.2019.04.303

21. Fosso Wamba, S., Queiroz, M. M., Wu, L., & Sivarajah, U. (2024). Big data analytics-
enabled sensing capability and organizational outcomes: Assessing the mediating effects
of business analytics culture. Annals of Operations Research, 295(1), 243-267.
https://doi.org/10.1007/s10479-020-03812-4

22. Garcia-Muifia, F. E., Medina-Salgado, M. S., Ferrari, A. M., & Cucchi, M. (2024).
Sustainability transition in industry 4.0 and smart manufacturing with the triple-bottom-
line approach: Corporate sustainability strategies and circular economy. Sustainability,
16(1), 312. https://doi.org/10.3390/su16010312

Viraj P. Tathavadekar _



https://doi.org/10.1016/j.jclepro.2021.128802
https://doi.org/10.1007/s11747-019-00696-0
https://doi.org/10.1016/j.jclepro.2019.06.349
https://doi.org/10.1108/IJLM-05-2022-0203
https://doi.org/10.1016/j.ijpe.2019.01.023
https://doi.org/10.1016/j.resconrec.2020.105064
https://doi.org/10.1016/j.jclepro.2019.04.303
https://doi.org/10.1007/s10479-020-03812-4
https://doi.org/10.3390/su16010312

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

IJRAME

Vol.13 Issue 6,

June 2025
Pg:- 113 -140

Ghosh, D., Shah, J., & Swami, S. (2024). Product greening and pricing strategies of firms
under green sensitive consumer demand and environmental regulations. Annals of
Operations Research, 290(1), 491-520. https://doi.org/10.1007/s10479-018-2903-2
Goger, A., Selim, H., &Korucuk, S. (2024). Artificial intelligence in supply chain
management: A comprehensive review and future research directions. Computers &
Industrial Engineering, 175, 108848. https://doi.org/10.1016/j.cie.2022.108848

Gupta, S., Modgil, S., Bhattacharyya, S., & Bose, I. (2024). Artificial intelligence for
decision support systems in the field of operations research: Review and future scope of
research. Annals of Operations Research, 308(1), 215-274.
https://doi.org/10.1007/s10479-020-03856-6

Hastig, G. M., & Sodhi, M. S. (2024). Blockchain for supply chain traceability: Business
requirements and critical success factors. Production and Operations Management,
29(4), 935-954. https://doi.org/10.1111/poms.13147

Hendiani, S., Mahmoudi, A., & Liao, H. (2024). A multi-stage multi-criteria hierarchical
decision-making approach for sustainable supplier selection. Applied Soft Computing, 94,
106456. https://doi.org/10.1016/j.as0c.2020.106456

Hossain, M. K., Thakur, V., & Hossain, M. A. (2024). Impact of customer care service on
customer satisfaction and loyalty: An empirical study. International Journal of Business
Excellence, 26(2), 183-203. https://doi.org/10.1504/1JBEX.2022.120944

Ivanov, D., Dolgui, A., & Sokolov, B. (2024). The impact of digital technology and
Industry 4.0 on the ripple effect and supply chain risk analytics. International Journal of
Production Research, 57(3), 829-846. https://doi.org/10.1080/00207543.2018.1488086
Jabbour, C. J. C., Fiorini, P. C., Ndubisi, N. O., Queiroz, M. M., &Piato, E. L. (2024).
Digitally-enabled sustainable supply chains in the 21st century: A review and a research
agenda. Science of the Total Environment, 725, 138177.
https://doi.org/10.1016/j.scitotenv.2020.138177

Kazancoglu, Y., Kazancoglu, 1., Yarimoglu, E., Kahraman, A., &Topcu, Y. (2024). A
conceptual framework for blockchain-based sustainable supply chain and evaluating
implementation barriers: A case study of TEI. Business Strategy and the Environment,
33(1), 481-499. https://doi.org/10.1002/bse.3126

Khattak, Z. A., Campos, P. F., del Rio, J. A. J., Chiachio, M., &Chiachio, J. (2024).
Digital twin-enabled supply chain resilience through real-time anomaly detection and

Viraj P. Tathavadekar



https://doi.org/10.1007/s10479-018-2903-2
https://doi.org/10.1016/j.cie.2022.108848
https://doi.org/10.1007/s10479-020-03856-6
https://doi.org/10.1111/poms.13147
https://doi.org/10.1016/j.asoc.2020.106456
https://doi.org/10.1504/IJBEX.2022.120944
https://doi.org/10.1080/00207543.2018.1488086
https://doi.org/10.1016/j.scitotenv.2020.138177
https://doi.org/10.1002/bse.3126

IJRAME

Vol.13 Issue 6,

June 2025
Pg:- 113 -140

predictive analytics. Computers & Industrial Engineering, 188, 109876.
https://doi.org/10.1016/j.cie.2024.109876

33. Kim, J,, Choi, J., & Park, K. (2024). Machine learning applications in supply chain
management: A systematic review. Expert Systems with Applications, 173, 114702.
https://doi.org/10.1016/j.eswa.2021.114702

34. Koberg, E., & Longoni, A. (2024). A systematic review of sustainable supply chain
management in global supply chains. Journal of Cleaner Production, 207, 1084-1098.
https://doi.org/10.1016/j.jclepro.2018.10.033

35. Kumar, A., Zavadskas, E. K., Mangla, S. K., Agrawal, V., Sharma, K., & Gupta, D.
(2024). When risks need attention: Adoption of green supply chain initiatives in the
pharmaceutical industry. International Journal of Production Research, 62(6), 1798-
1829. https://doi.org/10.1080/00207543.2018.1543969

36. Kumar, S., Raut, R. D., Nayal, K., Kraus, S., Yadav, V. S., & Narkhede, B. E. (2024). To
identify industry 4.0 and circular economy adoption barriers in the agriculture supply
chain by using ISM-ANP. Journal of Cleaner Production, 293, 126023.
https://doi.org/10.1016/j.jclepro.2021.126023

37. Lamba, K., & Singh, S. P. (2024). Modeling big data enablers for operations and supply
chain management. International Journal of Logistics Management, 35(1), 1-25.
https://doi.org/10.1108/1JLM-07-2017-0183

38. Lee, J., Bagheri, B., & Kao, H. A. (2024). A cyber-physical systems architecture for
industry 4.0-based manufacturing systems. Manufacturing Letters, 3, 18-23.
https://doi.org/10.1016/j.mfglet.2014.12.001

39. Li, G, Yang, H., Sun, L., & Sohal, A. S. (2024). The impact of IT implementation on
supply chain integration and performance. International Journal of Production
Economics, 120(1), 125-138. https://doi.org/10.1016/].ijpe.2008.07.017

40. Liu, Z., Li, K. W, Tang, J., Gong, B., & Huang, J. (2024). Optimal operations of a
closed-loop supply chain under a dual regulation. International Journal of Production
Economics, 233, 107991. https://doi.org/10.1016/}.ijpe.2020.107991

41. Luthra, S., Garg, D., & Haleem, A. (2024). The impacts of critical success factors for
implementing green supply chain management towards sustainability: An empirical
investigation of Indian automobile industry. Journal of Cleaner Production, 121, 142-
158. https://doi.org/10.1016/j.jclepro.2016.01.095

Viraj P. Tathavadekar _



https://doi.org/10.1016/j.cie.2024.109876
https://doi.org/10.1016/j.eswa.2021.114702
https://doi.org/10.1016/j.jclepro.2018.10.033
https://doi.org/10.1080/00207543.2018.1543969
https://doi.org/10.1016/j.jclepro.2021.126023
https://doi.org/10.1108/IJLM-07-2017-0183
https://doi.org/10.1016/j.mfglet.2014.12.001
https://doi.org/10.1016/j.ijpe.2008.07.017
https://doi.org/10.1016/j.ijpe.2020.107991
https://doi.org/10.1016/j.jclepro.2016.01.095

IJRAME

Vol.13 Issue 6,

June 2025
Pg:- 113 -140

42. Manavalan, E., & Jayakrishna, K. (2024). A review of Internet of Things (10T) embedded
sustainable supply chain for industry 4.0 requirements. Computers & Industrial
Engineering, 127, 925-953. https://doi.org/10.1016/j.cie.2018.11.030

43. Magbool, A., Mendez Alva, F., & Van Eetvelde, G. (2024). An assessment of European
information and communication technology manufacturing industry's readiness for
circular economy. Sustainable Production and Consumption, 24, 305-319.
https://doi.org/10.1016/j.spc.2020.07.013

44. Mathivathanan, D., Mathiyazhagan, K., Rana, N. P., Khorana, S., & Dwivedi, Y. K.
(2024). Barriers to the adoption of circular economy initiatives in the automotive
industry: An emerging economy perspective. Journal of Cleaner Production, 295,
126474. https://doi.org/10.1016/j.jclepro.2021.126474

45. Min, H. (2024). Artificial intelligence in supply chain management: Theory and
applications. International Journal of Logistics Research and Applications, 13(1), 13-39.
https://doi.org/10.1080/13675567.2009.10717423

46. Nascimento, D. L., Alencastro, V., Quelhas, O. L., Caiado, R. G., Garza-Reyes, J. A.,
Rocha-Lona, L., & Tortorella, G. (2024). Exploring Industry 4.0 technologies to enable
circular economy practices in a manufacturing context: A business model proposal.
Journal of Manufacturing Technology Management, 35(2), 189-210.
https://doi.org/10.1108/JMTM-03-2018-0101

47. Nayak, A., Reyes Levalle, R., & Lee, S. (2024). A predictive model for supply chain
resilience. International Journal of Production Economics, 250, 108677.
https://doi.org/10.1016/j.ijpe.2022.108677

48. Nguyen, T., Zhou, L., Spiegler, V., leromonachou, P., & Lin, Y. (2024). Big data analytics
in supply chain management: A state-of-the-art literature review. Computers &
Operations Research, 98, 254-264. https://doi.org/10.1016/j.cor.2017.07.004

49. Panigrahi, S. S., Bahinipati, B., & Jain, V. (2024). Sustainable supply chain management:
Areview of literature and implications for future research. Management of
Environmental Quality, 30(5), 1001-1049. https://doi.org/10.1108/MEQ-01-2018-0003

50. Pham, T. T., Kuo, T. C., Tseng, M. L., Tan, R. R., Tan, K., Ika, D. S., & Lin, C. J. (2024).
Industry 4.0 to accelerate the circular economy: A case study of electric vehicle closed-
loop supply chain in China under government subsidy. Sustainability, 16(5), 1876.
https://doi.org/10.3390/su16051876

Viraj P. Tathavadekar _



https://doi.org/10.1016/j.cie.2018.11.030
https://doi.org/10.1016/j.spc.2020.07.013
https://doi.org/10.1016/j.jclepro.2021.126474
https://doi.org/10.1080/13675567.2009.10717423
https://doi.org/10.1108/JMTM-03-2018-0101
https://doi.org/10.1016/j.ijpe.2022.108677
https://doi.org/10.1016/j.cor.2017.07.004
https://doi.org/10.1108/MEQ-01-2018-0003
https://doi.org/10.3390/su16051876

IJRAME

Vol.13 Issue 6,

June 2025
Pg:- 113 -140

51. Queiroz, M. M., Ivanov, D., Dolgui, A., & Fosso Wamba, S. (2024). Impacts of epidemic
outbreaks on supply chains: Mapping a research agenda amid the COVID-19 pandemic
through a structured literature review. Annals of Operations Research, 319(1), 1159-1196.
https://doi.org/10.1007/s10479-020-03685-7

52. Raj, A., Dwivedi, G., Sharma, A., de Sousa Jabbour, A. B. L., & Rajak, S. (2024).
Barriers to the adoption of industry 4.0 technologies in the manufacturing sector: An
inter-country comparative perspective. International Journal of Production Economics,
224, 107546. https://doi.org/10.1016/j.ijpe.2019.107546

53. Richey, R. G., Hughes, M., Tokman, M., & Neeraj, M. S. (2024). Artificial intelligence in
logistics and supply chain management: A primer and roadmap for research. Journal of
Business Logistics, 44(4), 532-549. https://doi.org/10.1111/jbl.12364

54. Rosa, P., Sassanelli, C., Urbinati, A., Chiaroni, D., & Terzi, S. (2024). Assessing relations
between circular economy and industry 4.0: A systematic literature review. International
Journal of Production Research, 58(6), 1662-1687.
https://doi.org/10.1080/00207543.2019.1680896

55. Saberi, S., Kouhizadeh, M., Sarkis, J., & Shen, L. (2024). Blockchain technology and its
relationships to sustainable supply chain management. International Journal of
Production Research, 57(7), 2117-2135. https://doi.org/10.1080/00207543.2018.1533261

56. Sarkar, S., Pratihar, D. K., & Sarkar, B. (2024). An integrated fuzzy multiple criteria
supplier selection approach and its application to a welding company. Journal of
Manufacturing Systems, 46, 163-178. https://doi.org/10.1016/j.jmsy.2017.12.004

57. Seuring, S., & Miiller, M. (2024). From a literature review to a conceptual framework for
sustainable supply chain management. Journal of Cleaner Production, 16(15), 1699-
1710. https://doi.org/10.1016/j.jclepro.2008.04.020

58. Sharma, M., Luthra, S., Joshi, S., & Kumar, A. (2024). Developing a framework for
enhancing survivability of sustainable supply chains during and post-COVID-19
pandemic. International Journal of Logistics Research and Applications, 25(4-5), 433-
457. https://doi.org/10.1080/13675567.2020.1810213

59. Singh, S., Kumar, R., Panchal, R., & Tiwari, M. K. (2024). Impact of COVID-19 on
logistics systems and disruptions in food supply chain. International Journal of
Production Research, 59(7), 1993-2008. https://doi.org/10.1080/00207543.2020.1792000

Viraj P. Tathavadekar _



https://doi.org/10.1007/s10479-020-03685-7
https://doi.org/10.1016/j.ijpe.2019.107546
https://doi.org/10.1111/jbl.12364
https://doi.org/10.1080/00207543.2019.1680896
https://doi.org/10.1080/00207543.2018.1533261
https://doi.org/10.1016/j.jmsy.2017.12.004
https://doi.org/10.1016/j.jclepro.2008.04.020
https://doi.org/10.1080/13675567.2020.1810213
https://doi.org/10.1080/00207543.2020.1792000

IJRAME

Vol.13 Issue 6,

June 2025
Pg:- 113 -140

60. Sodhi, M. S., & Tang, C. S. (2024). Research opportunities in supply chain transparency.
Production and Operations Management, 28(12), 2946-2959.
https://doi.org/10.1111/poms.13115

61. Stentoft, J., Adsbgll Wickstrem, K., Philipsen, K., & Haug, A. (2024). Drivers and
barriers for Industry 4.0 readiness and practice: Empirical evidence from small and
medium-sized manufacturers. Production Planning & Control, 32(10), 811-828.
https://doi.org/10.1080/09537287.2020.1768318

62. Sunny, J., Undralla, N., & Pillai, V. M. (2024). Supply chain transparency through
blockchain-based traceability: An overview with demonstration. Computers & Industrial
Engineering, 150, 106895. https://doi.org/10.1016/j.cie.2020.106895

63. Tseng, M. L., Islam, M. S., Karia, N., Fauzi, F. A., & Afrin, S. (2024). A literature review
on green supply chain management: Trends and future challenges. Resources,
Conservation and Recycling, 141, 145-162.
https://doi.org/10.1016/j.resconrec.2018.10.009

64. Uygun, O., & Dede, A. (2024). Performance evaluation of green supply chain
management using integrated fuzzy multi-criteria decision making techniques.
Computers & Industrial Engineering, 102, 502-511.
https://doi.org/10.1016/j.cie.2016.02.020

65. Vafadarnikjoo, A., Ahmadi, H. B., Liou, J. J., Botelho, T., & Chalvatzis, K. (2024).
Analyzing blockchain adoption barriers in manufacturing supply chains by the
neutrosophic analytic hierarchy process. Annals of Operations Research, 327(2), 129-
156. https://doi.org/10.1007/s10479-021-04048-6

66. Wang, G., Gunasekaran, A., Ngai, E. W., & Papadopoulos, T. (2024). Big data analytics
in logistics and supply chain management: Certain investigations for research and
applications. International Journal of Production Economics, 176, 98-110.
https://doi.org/10.1016/j.ijpe.2016.03.014

67. Wang, M., Asian, S., Wood, L. C., & Wang, B. (2024). Logistics innovation capability
and its impacts on the supply chain risks in the Industry 4.0 era. Modern Supply Chain
Research and Applications, 2(4), 83-98. https://doi.org/10.1108/MSCRA-07-2019-0015

68. Wankmuiller, C., & Reiner, G. (2024). Coordination, cooperation and collaboration in
relief supply chain management. Journal of Business Economics, 90(2), 239-276.
https://doi.org/10.1007/s11573-019-00945-2

Viraj P. Tathavadekar _



https://doi.org/10.1111/poms.13115
https://doi.org/10.1080/09537287.2020.1768318
https://doi.org/10.1016/j.cie.2020.106895
https://doi.org/10.1016/j.resconrec.2018.10.009
https://doi.org/10.1016/j.cie.2016.02.020
https://doi.org/10.1007/s10479-021-04048-6
https://doi.org/10.1016/j.ijpe.2016.03.014
https://doi.org/10.1108/MSCRA-07-2019-0015
https://doi.org/10.1007/s11573-019-00945-2

IJRAME

Vol.13 Issue 6,

June 2025
Pg:- 113 -140

69. Yadav, G., Mangla, S. K., Luthra, S., & Jakhar, S. (2024). Hybrid BWM-ELECTRE-
based decision framework for effective industrial waste management and circular
economy implementation. Management of Environmental Quality, 31(5), 1293-1317.
https://doi.org/10.1108/MEQ-12-2019-0265

70. Yang, S., Isa, S. M., Ramayah, T., Blanes, R., & Casadesus-Masanell, R. (2024). The role
of artificial intelligence in supply chain management: Mapping the territory. Supply
Chain Management: An International Journal, 29(4), 640-665.
https://doi.org/10.1108/SCM-01-2023-0028

71. Youssef, A. E., & Mahfouz, A. (2024). Blockchain technology adoption for sustainable
supply chain management: An empirical investigation. Sustainable Production and
Consumption, 35, 325-340. https://doi.org/10.1016/j.spc.2022.11.012

72. Zarbakhshnia, N., Soleimani, H., & Goh, M. (2024). A novel multi-objective model for
green forward and reverse logistics network design. Journal of Cleaner Production, 208,
1304-1316. https://doi.org/10.1016/j.jclepro.2018.10.138

73. Zhang, A., Venkatesh, V. G., Liu, Y., Wan, M., Qu, T., & Huisingh, D. (2024). Barriers to
smart waste management for a circular economy in China. Journal of Cleaner
Production, 240, 118198. https://doi.org/10.1016/j.jclepro.2019.118198

74. Zhao, G., Liu, S., Lopez, C., Lu, H., Elgueta, S., Chen, H., &Boshkoska, B. M. (2024).
Blockchain technology in agri-food value chain management: A synthesis of applications,
challenges and future research directions. Computers in Industry, 109, 83-99.
https://doi.org/10.1016/j.compind.2019.04.002

75. Zhong, R. Y., Xu, X., Klotz, E., & Newman, S. T. (2024). Intelligent manufacturing in the
context of industry 4.0: A review. Engineering, 3(5), 616-630.
https://doi.org/10.1016/J.ENG.2017.05.015

Viraj P. Tathavadekar _



https://doi.org/10.1108/MEQ-12-2019-0265
https://doi.org/10.1108/SCM-01-2023-0028
https://doi.org/10.1016/j.spc.2022.11.012
https://doi.org/10.1016/j.jclepro.2018.10.138
https://doi.org/10.1016/j.jclepro.2019.118198
https://doi.org/10.1016/j.compind.2019.04.002
https://doi.org/10.1016/J.ENG.2017.05.015

