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ABSTRACT 
Sustainable supply chain management (SSCM) is now a priority channel through which the principles of the 

circular economy are operationalized, but implementation frequently remains crippled by the issue of legal and 
environmental barriers. This research seeks to assess compliance (sectoral), resource efficiency, waste reduction, and 
carbon impact (sectoral) and propose a multidimensional Circular Economy Performance Index (CEP) to assess the 
adoption of sustainability. Mixed-methodology design was used with 15 semi-structured interviews with industry 
experts and a survey of 120 professionals working in the manufacturing, retail and logistics sectors. The results show 
that manufacturing shows the most signs of compliance and efficient use of resources due to the established regulatory 
frameworks and the progressive waste management policies. Retail displays moderate improvement, where consumer 
compulsion is a driving force but packaging inefficiencies limit the improvement whereas logistics has the lowest 
performance as the regulatory fragmentation and carbon-intensive operations. These differences are confirmed by the 
CEP index, where manufacturing is the most developed sector, retail is intermediate, and logistics is the least developed. 
The findings highlight the fact that legal frameworks, enforcement of regulations and adoption of technology have 
critical roles in defining the result of sustainability. This study is valuable because it incorporates both legal and 
environmental aspects into one assessment framework, providing policy-makers with evidence to balance compliance 
with managers with advice that may help improve performance in the sector. There are such limitations as small sample 
size and self-reported data, which implies that larger and longitudinal studies and independent validation are necessary. 
In general, the paper has identified the need of a concerted legal reform, technological development, and participatory 
governance to promote SSCM in the context of a circular economy. 
Keywords: Sustainable supply chain management; circular economy; compliance; resource efficiency; waste reduction; 
carbon emissions 
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1. Introduction 
As global economic systems evolve, the circular economy is attracting significant attention from 

policymakers, business leaders, and researchers. A circular economy seeks, unlike the classic linear model of 
“take-make-dispose,” to design waste out of the system by prolonging product life cycles, enhancing 
resource efficiency, and maximizing the reuse and recycling of materials. This change is not simply a 
theoretical ideal, but a fundamental change of the model of production, consumption of goods and services, 
and management. At the heart of this paradigm shift is sustainable supply chain management (SSCM) which 
serves as a pivotal route for incorporating environmental and social aspects into every step of the supply 
chain activity. SSCM aligns with the principles of circular economy [1], providing long-term sustainability 
rather than short-term profit. 

Nonetheless, the implementation of SSCM in a circular economy context is anything but simple. Legal 
and environmental challenges exist as complex obstacles that need to be navigated carefully. On the one 
hand, the regulations governing landscapes are becoming increasingly complex. Governments across the 
globe are instituting more stringent environmental regulations, extended producer responsibility (EPR) 
schemes, and mandatory sustainability-metric reporting. Such regulations also differ widely, however, and 
navigating these various regimes requires significant expertise and flexibility on the part of organizations, as 
penalties for non-compliance can be severe and may include reputational damage and restrictions on market 
access. Conversely, environmental factors, including resource scarcity, climate change, and ecological 
collapse, add to the challenge of building a sustainable supply chain. In order to embrace the principles of 
circularity[2], which pass by a rethinking of sourcing strategies, production processes, and also distribution 
models. 

The intersection of these challenges in the legal and environmental fields raises the potential for a 
uniquely relevant research domain. Recent bibliometric analyses emphasize that Sustainable Supply Chain 
Management (SSCM) research has grown rapidly, but conceptual clarity and integration with legal 
scholarship remain underdeveloped [1, 3]. Previous systematic reviews have shown that while environmental 
drivers and barriers are well documented, the intersection of compliance governance and circular practices is 
less explored [2, 4]. Scholars have particularly highlighted regulatory fragmentation and the absence of 
harmonized legal standards as persistent challenges [5, 6]. Addressing these shortcomings requires sector-
specific analysis that simultaneously considers legal obligations, environmental risks, and strategic 
opportunities [7, 8]. 

 In both academia and in practice, there is an increasing realization that firms are not likely to make the 
transition from compliance-based sustainability practices to new, broad approaches to sustainable supply 
chains that can address these complex problems[9]. Studies show that proactive companies which self-
educate on sustainable supply chain practices may be later rewarded with competitive advantages, either 
through cost reductions via efficiency in resource usage, improved brand perception, or resiliency to supply 
chain disruptions. But the routes to these benefits are not linear and not universal. Differences in legal 
obligations between jurisdictions, as well as the complexity of international supply chains, means what is 
possible in one setting might not be appropriate in another. In addition, rapid pace of regulatory changes and 
further environmental pressures has led to a continual necessity for adaptation and renewal [7]. 

This article aims to add to this ongoing discussion by identifying the legal and environmental 
challenges SSCM faces in a circular economy. This not only does analysis of the regulatory frameworks that 
create the context for firm operations in terms of justification of sustainability certification but describes 
how firms not only can comply but also flourish within such a regulatory framework. The article also 



Environment and Social Psychology | doi: 10.59429/esp.v10i10.3953 

3 

highlights the environmental challenges that underline the necessity of circular economy practices, such as 
waste reduction, resource recovery, and closed-loop systems. The article synthesizes current research with 
insights from the industry that provide a comprehensive overview of the challenges of the organizations 
maintain and the strategies they can adopt [10]. 

Further, the article highlights the need for cooperation and innovation between all sectors. Achieving 
the transition to a circular economy takes collaboration, between government, business and civil society. 
Resilience in the face of growing demand requires joint ventures in material recovery, as well as public-
private partnerships for the development of sustainable technologies. Technologies such as advanced 
tracking systems, blockchain to ensure supply chain transparency, or artificial intelligence for analytics are 
also highlighted as crucial enablers of sustainable practices [8]. 

Integrating sustainable supply chain management into the context of a circular economy opens up a 
slew of challenges and opportunities. Recent bibliometric analyses emphasize that SSCM research has 
rapidly expanded, but conceptual clarity and integration of cross-disciplinary approaches remain limited [1]. 
Scholars have noted persistent barriers such as regulatory fragmentation, weak enforcement mechanisms, 
and cultural resistance to change, which hinder effective adoption of circular economy principles across 
sectors [2, 9]. In addition, the growing turbulence of global supply chains under climate and geopolitical 
pressures requires adaptive governance strategies [5]. Therefore, positioning SSCM within a legal–
environmental nexus allows this article to make a unique contribution, addressing gaps identified in both 
sustainability and legal scholarship [4, 7]. 

Legal needs and ecological aspects are an obstruction and an incentive, designed to make firms enter 
into the pattern of invention and alteration. Through the exploration of such dynamics, the present article 
contributes important understandings to better inform academics, practitioners, and policymakers looking to 
advance circular economy and sustainable supply chain efforts. 

1.1. Aim of the article 
This article aspires to respond to these legal and environmental challenges facing organizations in their 

adoption of sustainable supply chain management (SSCM) principles in a circular economy context. Due to 
the growing focus on moving away from the former linear economic models, SSCM has become an 
essential contributor to this paradigm change. This article highlights the complex and intertwined nature of 
the legal compliance and environmental sustainability issues, which together form the two critical 
dimensions of successful SSCM implementation. 

In particular, it seeks to uncover and assess the myriad regulatory requirements, policy frameworks and 
standards that influence supply chain activities. It also aims at recognizing the different kinds of 
environmental pressures that can impact SSCM decision making, such as the availability of resources and 
waste management challenges as well as the need to limit greenhouse gas emissions. In so doing, the article 
seeks to shed light on the dynamic interplay between legal limitations and environmental requirements, 
providing an overview of the strategic choices’ firms must make in order to obtain sustainable results. 

The aim of this article is to provide a few insight on how organizations can turn these challenges into 
opportunities. Drawing on best practices, inventive applications, and collaboration across sectors, it aims to 
offer recommendations for designing, implementing and maintaining supply chain strategies that reflect the 
principles of a circular economy. The article goes beyond the implications for academia; through this in-
depth exploration, it provides practical knowledge that business leaders and policymakers can utilize to push 
forward sustainability in their supply chain operations. 



Environment and Social Psychology | doi: 10.59429/esp.v10i10.3953 

4 

1.2. Problem statement 
In this respect, sustainable supply chain management (SSCM) is increasingly acknowledged as an 

integral element of movement towards circular economy. However, embedding SSCM within circular 
principles leads to multifaceted challenges that are poorly addressed in scholarly literature and practice. For 
all the initiatives and increasing uptake of circular economy principles, the challenges of balancing legal 
obligations with environmental ambitions remain daunting for many organizations. 

The legal perspective of SSCM involves managing a wide and evolving framework of regulations. 
Differences in environmental laws, mandatory reporting standards and extended producer responsibility 
schemes lend an enormous amount of uncertainty. Many companies do not have the required know-how and 
capacity in order to comply fully, so they remain halfheartedly committed to sustainability targets and risk 
legal and financial penalties. 

While the environmental challenges of implementing SSCM in a circular economy are formidable, they 
also represent an opportunity. Add to that the mounting pressure to create zero-waste systems, as well as the 
increasing scarcity of resources to leverage, growing climate change risks. But companies are chronically 
challenged to reconfigure their supply chains and make closed-loop processes a reality, let alone to hit high 
environmental performance thresholds. 

These intersecting legal and environmental challenges represent a major pain point towards the 
advancement of sustainable supply chains. Although the benefits of SSCM in circular economy models are 
well-documented, including cost savings, enhanced reputation, and greater resilience, many organizations 
struggle to effectively operationalize these concepts. Additionally, the absence of definitive, universally 
applicable strategies exacerbates the problem, rendering companies uncertain about how to adopt SSCM 
principles in a way that meets legal obligations and drives significant environmental progress. 

This issue remains, as extant studies have generally viewed the legal and environmental matters of 
SSCM in isolation. Few analyses focus on their overlapping effects, or consider how the challenges 
reinforce one another. At this time, without proper guidance on the relationship between legal requirements 
and environmental needs, organizations must find their way through the uncertainty of this complex 
landscape. 

2. Literature review 
Overview of Sustainable Supply Chain Management (SSCM) is a relatively new concept that goes 

beyond traditional supply chain management by incorporating social and environmental dimensions into the 
decision-making process. SSCM is ultimately about reconciling performance with sustainability, while on 
the one hand achieving profitability along with resource use, waste reduction and commercial responsibility 
on the other hand. This dual focus has become the centerpiece of both academic investigation and practical 
implementation, with organizations working to comply with ever-evolving regulatory requirements while 
feeding an increasingly socially conscious consumer and stakeholder base [11]. 

This is done by doing a thematic analysis to identify important themes that emerge from the SSCM 
literature, such as the relevant role of regulatory frameworks that encourage SSCM practices, the issues 
organizations face such as environmental and operational challenges, as well as how organizations overcome 
these barriers [3]. Legislation on extended producer responsibility and more stringent environmental reporting 
requirements have played a critical role in accelerating supply chain sustainability. They force businesses to 
adopt environmentally friendly practices, increase accountability and make sure that the materials and 
products are properly managed throughout their lifecycle. However, existing literature continually 
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underscores major hurdles to GSCM, including compliance complexities across heterogeneous global 
markets, the burden of sustainable innovation, and the problem of ensuring and quantifying long-lasting 
green performance [4]. 

 

Figure 1. Interrelationship of key performance indicators in sustainable supply chain management within a circular economy 

The environmental facet of SSCM also receives a significant share of attention in the literature, with 
work commonly highlighting the difficulties posed by resource depletion, waste management, or the 
mitigation of climate change. this is not just a few tweaks to the supply chain but a major shift in thinking 
from sourcing, production, distribution, and now end-of-life. This will also require planning and 
collaboration among suppliers, manufacturers and customers to eliminate material loops, create renewable 
streams of resources, and minimize the environmental footprint of supply chain processes [12]. 

Besides challenges, the literature presents a variety of strategies and frameworks for enhancing SSCM. 
Tools like life cycle assessment, closed-loop supply chains, and green logistics have become increasingly 
popular that provide organizations with concrete means for reaching sustainability targets. However, existing 
studies often treat technological enablers and compliance mechanisms separately, overlooking their 
combined impact on sectoral performance. For example, Ada et al. [9] demonstrate how Industry 4.0 solutions 
can address barriers in circular food supply chains, while Sgambaro et al. [8] emphasize the role of 
collaborative frameworks in accelerating circular adoption. These findings suggest that innovation and legal 
compliance must be analyzed together rather than in isolation. Furthermore, more recent contributions stress 
the importance of regulatory compliance culture and firm size as determinants of triple bottom line 
performance [4, 11]. Benchmarking studies using Data Envelopment Analysis (DEA) highlight how 
sustainability outcomes vary across industries, reinforcing the need for composite indices such as the 
proposed CEP [13]. Despite this progress, a comprehensive evaluation of how legal frameworks and 
environmental challenges interact across different sectors remains limited, creating the gap this article 
addresses [10, 14, 15]. 

New technologies such as blockchain for traceability and artificial intelligence for analytics are also 
often touted as enablers of better, more transparent and sustainable supply chain practices. Still, the literature 
highlights limitations in connecting these technological enablers to measurable compliance outcomes. For 
instance, collaborative frameworks have been found to accelerate circularity by fostering open innovation 
and joint accountability mechanisms [8]. At the same time, benchmarking techniques such as DEA models 
illustrate sector-specific inefficiencies and demonstrate how sustainability performance varies across 
industries [13]. Despite these contributions, most studies rely on isolated case studies, leaving the broader 
applicability of these models underexplored [14]. Thus, the need for composite indices like CEP is 
underscored as a means of capturing diverse sustainability dimensions in a holistic framework [10, 15]. 
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Mechanisms like public-private partnerships and industry consortia[14] are highlighted as necessary 
collaborative models because they allow for sharing knowledge, pooling resources, and creating economies 
of scale in an era of sustainability. 

The literature review lays a broad basis for the theoretical understanding of SSCM complexities as well 
as pathways and best practices. Through the lens of the aforementioned dynamics, academics and 
professionals alike are empowered with the necessary tools to combat the diverse battlefronts of sustainable 
supply chains in light of industry circularity. 

 

Figure 2. Circular framework of sustainability metrics in supply chain management 

3. Materials and methods 
3.1.Research design and approach 

This study employs a mixed-methods research design, combining qualitative and quantitative 
methodologies to evaluate the legal and environmental challenges of sustainable supply chain management 
(SSCM) in the context of a circular economy. The study integrates semi-structured interviews with industry 
experts and a quantitative survey-based analysis, ensuring a comprehensive assessment of sustainability 
metrics across the manufacturing, retail, and logistics sectors [1]. The research design follows a two-phase 
approach: 

1. Exploratory Phase (Qualitative): 

• Conducted 15 semi-structured interviews with supply chain executives, regulatory experts, and 
environmental strategists [2]. 

• Thematic analysis identified regulatory barriers, sustainability strategies, and sector-specific 
challenges [7]. 

2. Confirmatory Phase (Quantitative): 

• A structured survey distributed to 120 professionals across three key industries[10]. 

• Quantitative data collected on: 

This exploratory-confirmatory structure enables statistical validation of qualitative findings, ensuring 
robust sector-specific insights [8]. 

3.2. Data collection methods 
The study adopts a two-stage data collection strategy, balancing qualitative depth with quantitative 

validation [11]. 

3.2.1. Qualitative data collection 

Semi-structured interviews were conducted using purposive sampling, selecting 15 experts across key 
supply chain roles (operations, compliance, environmental policy) [4]. Thematic analysis was applied using 
NVivo software. 
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3.2.2. Quantitative Data Collection 

A structured survey was distributed to 120 industry professionals, assessing SSCM performance 
indicators [12]. Respondents provided self-reported compliance levels, waste reduction rates, and carbon 
footprint data, cross-validated with company reports. 

3.3. Measurement and performance indicators 
To ensure standardized evaluation, four key sustainability metrics were measured [14]: 

Compliance Index (CI) 

The Compliance Index (CI) quantifies legal adherence, calculated as: 

𝐶𝐶𝐶𝐶 = 𝑆𝑆𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
𝑆𝑆𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡

                                                                           (1) 

Where 𝑆𝑆𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 is number of compliant supply chain nodes, and 𝑆𝑆𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 is total nodes evaluated 

A higher CI suggests greater regulatory alignment, reducing legal risks [5]. To validate compliance 
differences, a one-way ANOVA test was applied: 

𝐹𝐹 =
∑𝑛𝑛𝑗𝑗�𝑋𝑋�𝑗𝑗−𝑋𝑋��

2
/(𝑘𝑘−1)

∑∑�𝑋𝑋𝑖𝑖,𝑗𝑗−𝑋𝑋�𝑗𝑗�
2

/(𝑁𝑁−𝑘𝑘)
                                                                 (2) 

Where 𝐹𝐹 is ANOVA F-statistic, 𝑛𝑛𝑗𝑗is sample size of group 𝑗𝑗, 𝑋𝑋�𝑗𝑗 is mean compliance index of group 𝑗𝑗, 𝑋𝑋�  is 
grand mean compliance index, 𝑘𝑘 is number of groups (sectors), and 𝑁𝑁 is total sample size. A statistically 
significant p-value confirms sectoral variation in compliance [16]. 

Resource Efficiency (RE) and Performance Index (PI) 

Resource efficiency measures material input per unit of output, which is critical for assessing 
sustainable production efficiency in SSCM [2]. 

𝑅𝑅𝑅𝑅 =
𝑀𝑀𝑖𝑖𝑖𝑖

𝑄𝑄𝑜𝑜𝑜𝑜𝑜𝑜
 

𝑃𝑃𝑃𝑃 = 𝑅𝑅𝑅𝑅𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝑅𝑅𝑅𝑅𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏ℎ𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚

                                                                         (3) 

Where 𝑀𝑀𝑖𝑖𝑖𝑖 is total material input (kg), 𝑄𝑄𝑜𝑜𝑜𝑜𝑜𝑜 is quantity of final products (units), and 𝑃𝑃𝑃𝑃 is performance index 
for benchmarking efficiency. A PI > 1 indicates above-standard efficiency, while PI < 1 signifies inefficiency 
[14]. 

Waste Reduction (WR) Model 

Waste reduction plays a central role in circular economy principles, aiming to minimize landfill waste 
and optimize material reuse [10]. 

𝑊𝑊𝑊𝑊 = 𝑊𝑊𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏−𝑊𝑊𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
𝑊𝑊𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏

                                                                         (4) 

Where 𝑊𝑊𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 is initial waste levels (tons/year), and 𝑊𝑊𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 is waste levels post-intervention. A higher 
WR% suggests stronger sustainability [13]. 

Carbon Impact Index (CII) 

Carbon emissions reduction is essential for supply chain decarbonization: 

𝐶𝐶𝐶𝐶𝐶𝐶 = 𝐶𝐶𝐶𝐶𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏−𝐶𝐶𝐶𝐶𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
𝐶𝐶𝐶𝐶𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏

                                                                         (5) 
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Where 𝐶𝐶𝐶𝐶𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 is initial carbon footprint (tons CO₂e), and 𝐶𝐶𝐶𝐶𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 is CURRENT carbon footprint. A 
higher CII indicates greater emissions reductions [17]. 

Circular Economy Performance Model (CEP) 

To assess overall circular economy performance, a new index (CEP) is introduced: 

𝐶𝐶𝐶𝐶𝐶𝐶 = 𝛼𝛼 �𝑀𝑀𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟

𝑀𝑀𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡
�  + 𝛽𝛽 �𝑊𝑊𝑊𝑊

100
� + 𝛾𝛾 �𝐶𝐶𝐶𝐶

1
�                                                     (6) 

Where 𝑀𝑀𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 is recycled materials, 𝑀𝑀𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 is total material input, 𝑊𝑊𝑊𝑊 is waste reduction rate, and 𝐶𝐶𝐶𝐶 is 
compliance index. This integrated metric evaluates circular economy adoption [18].  

To strengthen the validity of this composite measure, methodological precedents from sustainability 
benchmarking can be employed. For instance, multi-criteria decision-making tools such as the Analytic 
Hierarchy Process (AHP) have been successfully applied to allocate weights across heterogeneous indicators 
[13]. Moreover, Ramadhan et al. [17] emphasize the importance of reliability and validity testing in index 
construction, which could be adopted in future refinements of the CEP. Although equal weighting is applied 
in this study, future research should incorporate expert-driven weighting systems or longitudinal calibration 
to improve robustness [19]. 

Sustainable Logistics Optimization Model 

A route optimization model minimizes CO₂ emissions in transportation logistics [20]: 

𝑚𝑚𝑚𝑚𝑚𝑚 𝐷𝐷 = ∑ ∑ 𝐶𝐶𝑖𝑖𝑖𝑖𝑋𝑋𝑖𝑖𝑖𝑖𝑚𝑚
𝑗𝑗−1

𝑛𝑛
𝑖𝑖−1                                                              (7) 

Subject to: 

�𝑋𝑋𝑖𝑖𝑖𝑖

𝑚𝑚

𝑗𝑗−1

= 1,∀𝑖𝑖 

∑ 𝑋𝑋𝑖𝑖𝑖𝑖𝑛𝑛
𝑖𝑖−1 = 1,∀j                                                                          (8) 

Where 𝐷𝐷 is total transport distance (km), 𝐶𝐶𝑖𝑖𝑖𝑖 is carbon cost per route, and 𝑋𝑋𝑖𝑖𝑖𝑖 is binary decision variable (1 if 
route used, 0 otherwise). This model minimizes emissions while ensuring logistics efficiency [21]. 

3.4. Validation and reliability measures 
To ensure the robustness and credibility of the study, multiple validation and reliability measures were 

implemented. Pilot testing was conducted prior to full-scale data collection to refine the interview and survey 
instruments, ensuring clarity and consistency in the questions posed. To improve the validity of the survey, 
an expert review process was carried out where specialists in sustainable supply chain management (SSCM) 
assessed its relevance and accuracy. The results were then cross-validated by benchmarking against the 
industry starting from a wide variety of sustainability performance metrics. More specifically, double coding 
was used in the qualitative data analysis phase, where 2 independent researchers analyzed and identified 
themes from the interviews to minimize biases and to increase the reliability of coding. These validation 
measures reinforce the methodological rigor of this study collectively and ensure that the study findings are 
both reliable and generalizable to wider SSCM contexts. 
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4. Results 
4.1. Compliance index performance across sectors 

Sustainable supply chain management (SSCM) significantly involves compliance with the 
environmental and legal regulations. Meanwhile, being nonprofit makes it easier to comply with regulations, 
which can drive corporate responsibility, reduce risks and ensure proper execution of sustainability projects. 
In this study, we examine sectoral compliance performance using the Compliance Index (CI), which 
estimates the percentage of supply chain nodes compliant with set regulatory standards. ECP Also has the 
Compliance Ratio which is comparative and normalizes compliance levels across industries. The analysis 
also takes into consideration factors like the percentage of firms achieving full compliance, the number of 
regulatory violations per 100 nodes in the supply chain, and the deviation from industry benchmarks, to 
provide a more comprehensive comparative view of performance across sectors. Time to compliance was 
shorter in highly regulated sectors such as health, chemical, and energy, reinforcing compliance variability 
across sectors (ANOVA significance test (p < 0.01) verifies the data structure). Compliance metrics in the 
Manufacturing, Retail and Logistics front are shown in the Figure 3. 

 

Figure 3. Compliance index performance by sector 

Compliance performance across the Manufacturing, Retail and Logistics sector indicates that the 
manufacturing sector lags in compliance adherence. The sector with the best compliance, the Manufacturing 
sector, has a Compliance Index of 4.2, a Compliance Ratio of 0.84, and 88% of firms are fully compliant. 
The sector’s low rate of regulatory violations (5 per 100 supply chain nodes) and positive deviation from the 
industry benchmark (+0.2) indicate that manufacturing firms maintain rigorous regulatory adherence 
frameworks, driven by strict industry regulations, government oversight, and well-established sustainability 
strategies. 

The Retail sector follows with moderate compliance performance, reflecting inconsistent regulatory 
adherence across supply chain operations. The Compliance Index of 3.8 and Compliance Ratio of 0.76 
suggest partial sustainability integration, while 76% of firms are fully compliant. However, the higher 
number of regulatory violations (12 per 100 supply chain nodes) suggests gaps in supplier compliance 
enforcement, potentially due to global sourcing complexities and regional regulatory variations. 
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The Logistics sector presents the most significant compliance challenges, with the lowest Compliance 
Index (3.4), Compliance Ratio (0.68), and only 65% of firms meeting full compliance standards. The high 
rate of regulatory violations (18 per 100 supply chain nodes) and a -0.4 deviation from industry benchmarks 
indicate substantial legal misalignment and enforcement difficulties. These compliance gaps stem from 
cross-border regulatory fragmentation, lack of standardized sustainability policies, and third-party logistics 
dependencies. Addressing these disparities requires sector-specific regulatory strategies, real-time 
compliance monitoring, and stronger policy enforcement frameworks to enhance sustainability alignment 
across global supply chains. 

4.2. Resource efficiency and performance index evaluation 
Resource-efficiency is one of the most fundamental ways to sustain: from sustainable supply chain 

management (SSCM) perspective it is required that as the supply chain is built and the material of each input 
material is processed, the waste increases continuously until it reaches the final consumer (in terms of raw 
materials efficiency). This approach compares sectoral productivity of resources, calculates the total 
material input in relation to the volume of final product output and uses the Performance Index (PI) to 
conduct a benchmarking of performance across sectors. PI > 1 reflects above-benchmark efficiency, while PI 
< 1 denotes relative inefficiency in terms of material use. Moreover, the assessment provided here also 
includes important indicators such as material waste treatment rates, energy consumption per unit and 
reutilization of recycled matter for a comprehensive inter-sectoral assessment. The Deviation from Circular 
Economy Standards, which assesses the extent of a sector’s divergence from established sustainability 
standards. The added indicators make it possible to evaluate sectoral approaches to sustainability and reveal 
what gaps in action have yet to be filled. Resource efficiency and performance index assessment across the 
Manufacturing, Retail, and Logistics sectors is illustrated in Figure 4. 

 

Figure 4. Resource Efficiency and Performance Index by Sector 

The Manufacturing sector demonstrates superior resource efficiency, with a Performance Index (PI) of 
1.05, meaning it outperforms the industry benchmark in material optimization. This is largely due to 
advanced production technologies, waste minimization strategies, and efficient resource management. 
Additionally, manufacturing achieves the highest material waste reduction rate (25%) and utilizes 45% 
recycled materials, aligning closely with circular economy principles (+0.15 deviation from circular 
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standards). The sector also records the lowest energy consumption per unit (2.5 kWh/unit), reflecting a 
highly efficient production process. 

The Retail sector lags slightly behind, with a PI of 0.92, indicating moderate inefficiencies in material 
usage. The sector reduces material waste by 18% and incorporates 38% recycled materials, demonstrating a 
commitment to sustainability, though it remains below circular economy benchmarks (-0.08 deviation). 
Retail’s higher energy consumption per unit (3.2 kWh/unit) suggests that inefficiencies persist in supply 
chain operations, particularly in packaging and logistics management. 

The Logistics sector faces the greatest challenges, with a PI of 0.88, signifying suboptimal resource 
efficiency. The material waste reduction rate is the lowest (14%), and recycled material usage (29%) is 
significantly below sustainability targets. Moreover, logistics has the most significant energy consumption 
per unit (3.8 kWh/unit), aggravating feed dependence and the wasteful delivery of uneven volume systems. 
The negative gap (-0.22) from the principles of circular economy indicates that the industry is not able to 
adopt these practices of resource reuse completely. 

The analysis revealed that improvements in energy-efficient logistics, enhanced recycling programs, 
and waste reduction policies are needed to enhance sectoral sustainability performance. Indeed, the retail and 
logistics sectors need to make a significant shift towards material optimization and sustainable energy 
consumption in order to better align with circular economy principles. Future studies need to look and see 
how methods such as digital tracking of the supply chain, AI-driven insight on efficiency and incentives 
such as laws can help drive additional resource efficiency across sectors.  

4.3. Waste reduction trends in sustainable supply chains 
Waste reduction has become an integral part of sustainable supply chain management (SSCM) to 

minimize the environmental footprint of industries alongside enhancing operational competencies. A good 
waste management system saves money, materials, and makes the transition to a circular economy easier. 
The Waste Reduction Rate is defined at the percentage change of waste per period and is normalized to 
enable inter-sectoral comparability. The higher the percentage for waste reduction means the better the 
efficiency of waste minimization, as well as higher material recovery rates. Waste reduction alone, however, 
is not the full story of sectoral sustainability performance. In the interest of providing a holistic view, we 
also present additional measures, such as percentage of waste recycled, landfill diversion percentages, 
hazardous waste reduction percentages, etc. The Deviation from Zero-Waste Benchmarks calculates how 
well sectors align with global zero-waste sustainability standards. The need for such additional indicators 
stems from differences in waste management across sectors, providing a more complete picture of areas 
needing action (Figure 5 below).  

The Manufacturing sector demonstrates the strongest waste reduction performance, achieving a Mean 
Waste Reduction Rate of 21%. This is accompanied by a high percentage of recycled waste (60%) and a 
landfill diversion rate of 75%, indicating that most waste is either recycled, repurposed, or used in energy 
recovery systems. The hazardous waste reduction rate (30%) suggests that manufacturing facilities actively 
manage toxic waste through safer disposal methods and substitution of hazardous materials. The positive 
deviation (+0.12) from the zero-waste benchmark confirms that manufacturing operations align well with 
circular economy principles. 
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Figure 5. Waste reduction performance by sector 

The Retail sector follows with a Waste Reduction Rate of 18%, demonstrating moderate waste 
minimization progress. The sector achieves a 50% recycling rate and a landfill diversion rate of 62%, 
indicating room for improvement in upstream supply chain waste management. Hazardous waste reduction 
remains at 22%, reflecting limited adoption of sustainable alternatives in packaging materials and inventory 
disposal strategies. The slight negative deviation (-0.05) from the zero-waste benchmark suggests that retail 
firms must enhance supplier engagement and consumer waste reduction initiatives to achieve circularity 
goals. 

The Logistics sector shows the lowest waste reduction performance, with a Waste Reduction Rate of 
16%. The recycling rate (40%) and landfill diversion rate (48%) indicate persistent inefficiencies in 
packaging waste management, return logistics, and disposal practices. The hazardous waste reduction rate 
(15%) is significantly lower than other sectors, reinforcing concerns over fuel waste, chemical disposal from 
maintenance operations, and inefficient material handling. The negative deviation (-0.18) from zero-waste 
benchmarks highlights that logistics operations require substantial waste management reforms to achieve 
sustainability compliance. 

These findings indicate that while manufacturing is closest to achieving zero-waste standards, retail and 
logistics sectors require targeted waste management improvements. The retail industry should focus on 
packaging reduction strategies, extended producer responsibility (EPR) programs, and supplier compliance 
audits. The logistics sector must integrate advanced reverse logistics models, green packaging alternatives, 
and hazardous waste reduction policies. Future research should explore the impact of AI-driven waste 
tracking, government-led zero-waste incentives, and technology-driven circular economy solutions to 
accelerate waste reduction across global supply chains.  

4.4. Carbon Impact Index (CII) and emission reduction analysis 
The reduction of carbon emissions is a key determinant of environmental sustainability within supply 

chain management. As global supply chains transition toward carbon neutrality, industries must implement 
decarbonization strategies that minimize CO₂ emissions and improve fuel efficiency. The Carbon Impact 
Index (CII) is used to measure the percentage reduction in CO₂ emissions over time, providing a 
standardized metric for cross-sectoral comparisons. A higher CII score reflects greater effectiveness in 
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emissions reduction, highlighting a sector’s commitment to sustainability and regulatory compliance. 
However, achieving low-carbon operations requires an integrated approach involving renewable energy 
adoption, fuel efficiency improvements, and advanced emissions control technologies. To provide a more 
comprehensive assessment, this analysis includes sectoral renewable energy usage rates, annual carbon 
emission reductions (tons CO₂ equivalent), fuel efficiency improvements, and deviation from carbon 
neutrality benchmarks. Figure 6 presents the sectoral carbon impact performance across Manufacturing, 
Retail, and Logistics industries. 

 

Figure 6. Carbon Impact Index (CII) performance by sector 

The analysis of Carbon Impact Index (CII) performance highlights significant sectoral differences in 
emissions reduction and renewable energy adoption. Manufacturing leads in decarbonization efforts, 
achieving a CII of 0.15, with 58% renewable energy usage and an annual reduction of 2,100 tons of CO₂ 
equivalent. This success is attributed to energy-efficient production technologies, process electrification, and 
carbon capture strategies. Retail follows with a CII of 0.10, reflecting moderate emissions reduction (1,450 
tons CO₂ per year), primarily driven by green logistics, energy-efficient warehousing, and sustainable retail 
practices. However, fuel efficiency improvements (15%) remain limited, signaling room for improvement in 
supply chain emissions management. Logistics lags significantly, with the lowest CII (0.08) and only 10% 
fuel efficiency improvement, demonstrating high fossil fuel dependency and inefficiencies in fleet operations. 

These findings suggest that while manufacturing is leading in carbon reduction, retail and logistics 
sectors require greater regulatory support, investment in renewable energy, and technology-driven emissions 
tracking systems. Future research should examine the role of AI-powered logistics planning, carbon credit 
mechanisms, and next-generation fuel alternatives in accelerating decarbonization across supply chains. 

5. Discussion 
The findings of this article provide a comprehensive analysis of sustainable supply chain management 

(SSCM) within a circular economy, emphasizing sectoral differences in compliance, resource efficiency, 
waste reduction, and carbon impact reduction. This discussion integrates the results with existing literature, 
highlights key insights, and outlines limitations and future research directions. 

Results from the Compliance Index (CI) show that the manufacturing industry has the highest 
compliance rate, while logistics, by a wide margin, has the lowest. Such results are consistent with 
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Kazakova and Lee[18] argue that manufacturing industries have benefited from rigorous environmental 
regulations for a long time, leading to the early adoption of sustainability practices and compliance 
frameworks. But the study reveals that the logistics sector shows some major challenges, and compliance is 
at an all-time low. This aligns with Wang et al.[6], claiming that inherent complexities challenge regulatory 
alignment in logistics as they often work across borders, face differences in jurisdictions and fragmentation 
in supply chains. Although compliance differences were statistically significant, that statistical significance 
and its implications were not relevant from a logistics perspective and this highlights the necessity of 
establishing compliance frameworks specific to logistics to overcome these regulatory shortcomings[22]. 
Future research could study other industry-specific policy initiatives and incentives for compliance to better 
highlight areas aligned with sustainability. 

Manufacturing sector has the highest value (PI = 1.05) among all PIs, where more efficient resource 
utilization can be assumed. This is in line with Schützenhofer et al.[19], claiming that advanced material 
recovery systems and waste-minimization technologies contribute to a drastic improvement of resource 
efficiency. The retail industry is relatively efficient but has inefficiencies regarding packaging materials and 
redundancies in the supply chain. This is consistent with Chan and Zailani [23] describe a common tendency 
of retailers to focus on the consumer experience and branding at the expense of sustainability, resulting in 
suboptimal material utilization and redundant waste generation. On the other hand, the logistics industry 
exhibits the least efficiency, probably because it is reliant on fuels and generates packaging waste, as well as 
involves many inefficiencies in the optimization of the load. These conclusions align with Zhou and Li [21] 
that suggest the logistics industry has difficulty in enhancing the efficiency of the process due to fragmented 
transport networks and missing integrated digital systems in the delivery industry. The findings of this study 
underscore the need for optimization of logistics in AI as well as predictive analytics that improves 
efficiency in supply chain operations. Future research may identify the opportunities offered by smart 
transportation, blockchain or automation in relation to efficiency metrics across industries. 

Comparative studies reinforce that sectoral differences are deeply tied to both regulatory design and 
technological adoption. For instance, manufacturing benefits from mature environmental policies that 
enforce compliance and incentivize resource efficiency [18], while logistics continues to face fragmentation 
across borders, limiting its capacity to implement harmonized sustainability frameworks [6, 21]. Additionally, 
uncertainty management has been identified as a critical enabler, with firms integrating risk mitigation 
strategies alongside sustainability targets achieving more resilient outcomes [3, 5]. These findings underline 
the necessity of adaptive governance models that combine legal harmonization, technology-enabled 
transparency, and cross-sectoral collaboration [8, 12]. 

Waste reduction performance is also the second major area of SSCM studied. Manufacturing leads with 
a 21% reduction in waste, due to closed-loop recycling and lean manufacturing02. This accords with 
Schützenhofer et al. [19], emphasising that these sectors have embraced and applied circular economy 
principles by establishing an abundant amount of reuse and material repurposing initiatives. Next to retail, 
which has an 18% reduction rate mainly due to the management of packaging waste and consumer-driven 
sustainability initiatives. This aligns with the findings of Chan and Zailani [24] literature suggesting that 
retailers are responding to consumer demand for more sustainable products and adopting better waste 
minimization strategies. Logistics industry has still been facing difficulties in achieving waste management 
which showed only 16% reduction Kalkha et al.[20] argue that logistics waste is still one of the toughest 
sustainability barriers because of ineffectual return flows and high vigilance toward disposal of packaging. 
These are relevant results as they show that logistics companies need to implement circular logistics models 
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such as reverse logistics and green packaging[15]. Future research directions should examine the generation 
of logistics and supply chain management waste through policy incentives and digital transformations. 

According to the Carbon Impact Index (CII) analysis, manufacturing receives the best carbon reduction 
performance (CII = 0.15), largely due to investments in renewable energy, emissions tracking and carbon 
offsetting initiatives. This is in line with Yasir et al. [25] claim that manufacturing industries have 
incorporated PV–battery systems and energy-efficient technologies, leading to drastic emissions reductions. 
Logistics sector remained the biggest polluter with a CII score of 0.08, which reiterated the finding by Zhou 
and Li[21] that logistics has largely developed based on fossil fuel reliance with slow rollout of electric and 
hybrid vehicle fleets. The findings indicate that logistics operations require more aggressive decarbonization 
strategies like alternative fuel adoption, fleet electrification, and carbon taxation policies.  

The challenges also illustrate how legal frameworks shape environmental outcomes. Comparative 
studies show that jurisdictions with stringent reporting standards and transparent auditing mechanisms have 
accelerated transitions toward circularity [4, 22]. In contrast, fragmented or weak legal enforcement 
exacerbates non-compliance, particularly in transnational logistics networks [6]. Beyond compliance, 
uncertainty management has been identified as a critical enabler of resilience, where firms integrating 
sustainability with risk-mitigation strategies achieve stronger outcomes in turbulent contexts [3]. This 
underlines the role of both legal harmonization and adaptive governance in driving SSCM effectiveness. 
Further studies should look into the impact of financial incentives and governance regulations on the 
accelerated transition to low-carbon operations of logistics activities. 

Complementing other, often generalized or sector-based measures of circularity, The Circular Economy 
Performance Index (CEP) adds what is missing by combining compliance, efficiency, waste and recycling 
rates to create a holistic measure of the circularity of supply chains. Manufacturing is identified as the 
leading sector with a CEP score of 0.85, owing to its more advanced sustainability frameworks and circular 
material flows. Such finding is in line with Kazakova and Lee[18] highlights that manufacturing is the most 
matured sector in term of circular economy implementation as a result of long-time environmental policies. 
The results in the retail sector (CEP = 0.72) reflect a moderate improvement in sustainability performance 
found in Chan and Zailani [24] note that while circular practices are being integrated, retailers remain behind 
intergenerational sustainability practices upstream in the supply chain. As before, logistics has the lowest 
circularity, with a CEP score of 0.65. Logistics companies are unable to implement circularity, as there exist 
ineffective cycles of resources and low investment in sustainability-oriented technologies. The results 
underscore the potential for circular logistics system based on recycling, reuse and sustainable packaging 
solutions. This has potential for improved circularity throughout supply chains — future research should 
delve into AI driven waste trackers and digital sustainability reporting to incorporate this further. 

The article, despite its comprehensive approach, is not without limitations. First, the data with 120 
respondents in three sectors may not represent global variability in SSCM performance. Further research 
should add to the data set a greater diversity of geographic regions and industries. Second, despite the study 
combining quantitative and qualitative insights, long-term sustainability trends would need to be assessed 
through longitudinal data tracking. This is particularly relevant for sustainability practices that can evolve 
over time due to changes in regulations and industry dynamics. Third, all the comply and efficiency data are 
self-reported, which may draw biases. Further studies should introduce 3rd-party sustainability audits and 
real carbon emissions data to reinforce findings. Moreover, the potential role of novel technologies, such as 
AI, blockchain, and IoT in SSCM has not been fully investigated. As suggested by Kalkha et al.[20], digital 
transformation will be a key driver to boost sustainability performance in logistics and supply chain tracking. 
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Future studies could explore the means by which real-time data analytics and automation can be leveraged 
to optimize resource efficiency, waste minimization, and carbon impact management. 

6. Conclusions 
The article has explored SSCM and the circular economy principles towards examining these principles 

across sectoral differences through compliance, resource optimization, waste mitigation, and carbon impact 
mitigation. The study adopted a mixed-methods approach comprising qualitative and quantitative data to 
develop a multidimensional understanding of the challenges and opportunities in manufacturing, retail, and 
logistics sectors. These findings underscore the intricacies surrounding regulatory compliance, material 
utilization, waste reduction, and carbon footprint mitigation, drawing attention to the necessity of tailored 
sustainability approaches within specific business sectors. 

The article has shown that sustainability performance along supply chains is not only context-sensitive, 
but also sector-dependent. Manufacturing stands as the most sustainable industry, owing to its regulatory 
framework maturity, resource-efficient technology investment and broad implementation of circular 
economy principles. Manufacturing industries can set the best in place for sustainability execution with the 
ability to integrate waste minimization techniques, optimize material flows, and achieve elevated pieces of 
compliance level. While retail is improving its sustainability practices, it won't be easy, both upstream 
supply chain integration and the disposal of packaging have proven difficult to tackle. Even as consumer-
oriented sustainability programs have pressured retailers to refine their environmental performance, 
inefficiencies in resource utilization and waste creation persist. The logistics industry has the biggest gaps, 
with challenges related to compliance, efficiency, and carbon impact reduction. Factors such as the 
complexity of logistics networks, reliance on fossil fuels and fragmented regulatory environments 
underestimate the potential of the transport sector's sustainability performance. 

The article contributes significantly by proposing construction Integrated Sustainability Framework by 
Circular Economy Performance Index (CEP) a multidimensional approach to measuring sectoral 
sustainability. The index is a comprehensive measure of circular economy adoption, through the inclusion of 
compliance, efficiency, waste reduction and recycling metrics. The results highlight that manufacturing 
sectors seem to be more mature for the adoption of circular economy practices while retail and logistics 
need to evolve towards eco-innovation. It's essential that retail and logistics industries have low resource 
utilization and minimize negative externalities during road transport, and this research highlights underlying 
problems that need addressing and contributes to the literature around mechanisms, incentives, and industry 
collaboration for invigorating sustainability performance. 

Technological innovation is key in tackling sustainability challenges in supply chains, it further reveals. 
Emerging digital solutions like AI, blockchain, and predictive analytics present significant opportunities to 
enhance resource efficiency, improve compliance tracking, and optimize logistics processes. Supply chains 
using data to make decisions are more likely to meet sustainability goals and reduce environmental impact. 
Future research should explore the role of smart technologies in sustainability transitions, particularly in 
logistics and retail sectors where inefficiencies persist. 

Policy interventions and corporate sustainability commitments are essential for achieving long-term 
improvements in SSCM. Governments and industry regulators must implement standardized sustainability 
policies that provide clear guidelines for compliance, emissions reduction, and waste management. 
Incentives such as tax breaks, carbon credits, and grants for green initiatives can accelerate sustainability 
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adoption. Additionally, cross-sector partnerships between governments, businesses, and research institutions 
can facilitate knowledge sharing, fostering a collaborative approach to sustainable supply chain development. 

Although this study provides valuable insights into sector-specific sustainability performance, it also 
highlights the limitations that must be addressed in future research. The study is based on cross-sectional 
data, which captures sustainability trends at a single point in time. Longitudinal studies would provide a 
more dynamic understanding of how sustainability performance evolves over time. Additionally, expanding 
the scope to include a broader range of industries and geographic regions would enhance the generalizability 
of the findings. Future research should also consider integrating empirical sustainability data, such as real-
time emissions monitoring and third-party audits, to validate self-reported compliance and efficiency metrics.  

The article contributes theoretically by bridging two traditionally fragmented domains: legal compliance 
and environmental sustainability. By integrating them into the CEP framework, it offers a multidimensional 
approach that enhances decision-making under uncertainty. Practically, the findings provide policymakers 
with evidence for designing more consistent regulatory frameworks, while guiding managers in 
manufacturing, retail, and logistics to adopt targeted strategies that improve compliance, resource efficiency, 
and waste reduction. Managerially, the study highlights the importance of aligning corporate sustainability 
culture with regulatory requirements to achieve long-term competitiveness. Limitations of the research, 
particularly the small sample size and reliance on self-reported data, necessitate cautious interpretation of 
results. Future studies should expand cross-regional datasets, integrate third-party audits, and apply real-time 
digital monitoring technologies such as blockchain and AI to improve data reliability. 

The article advances the understanding of sustainable supply chain management by identifying key 
sectoral differences, introducing a multidimensional sustainability framework, and emphasizing the role of 
technology and policy in achieving circular economy objectives. While manufacturing has made significant 
progress in sustainability implementation, retail and logistics sectors require targeted interventions to bridge 
sustainability gaps. The transition to a circular economy is a complex but necessary process, requiring 
continuous innovation, policy reform, and industry commitment. Future research should focus on refining 
sustainability models, integrating technological advancements, and exploring cross-sector synergies to drive 
sustainable transformation across global supply chains. 
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