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KEYWORDS ABSTRACT
Viable supply chain; This study aims to develop an integrated analytical framework for evaluating and ranking
Circular economy; distribution centers and sales channels within a viable supply chain in the lubricant industry (case
Industry 5.0; study: Behran Oil Company), with simultaneous emphasis on circular economy principles and the
Sales channels; requirements of Industry 5.0. The research adopts a multi-criteria decision-making approach
Lubricant industry. within a two-stage scenario-based model. In the first stage, evaluation criteria were identified

through literature review, industrial documents, and expert opinions, and categorized into six
dimensions. The criteria were then weighted using a stochastic fuzzy Best—Worst Method under
three scenarios: optimistic, most likely, and pessimistic. In the second stage, distribution centers
and sales channels were assessed and ranked using stochastic fuzzy TOPSIS. The results indicate
that resilience is the most significant dimension, followed by sustainability and agility, while
digitalization received the lowest weight. Among sub-criteria, distribution capacity flexibility and
operational recovery speed were the most influential factors. The ranking results show that Center
6 achieved the highest performance, whereas Center 3 demonstrated the weakest performance.
Comparative analysis with conventional methods confirmed the robustness and reliability of the
proposed approach. The framework provides a practical tool for strategic decision-making at the
mid-network level.

Extended Abstract

1. Introduction

pressure. Global crises, rapid technological changes, volatile demand patterns, and increasing sustainability requirements

have demonstrated that traditional supply chain management approaches focused solely on efficiency and cost minimization
are no longer sufficient. Consequently, the concept of the Viable Supply Chain (VSC) has emerged as a comprehensive
paradigm integrating resilience, sustainability, agility, and digitalization to ensure long-term survivability and competitiveness.
Simultaneously, the growing adoption of the Circular Economy (CE) paradigm has encouraged organizations to move away
from the traditional linear model of “take—make—dispose” toward resource conservation, waste reduction, reuse, recycling, and
lifecycle management. The integration of circular economy principles into supply chain operations contributes not only to
environmental sustainability but also to improved resource efficiency and long-term economic performance.

In recent years, supply chains have been exposed to unprecedented levels of uncertainty, disruption, and environmental
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Furthermore, the emergence of Industry 5.0 has expanded the scope of supply chain management beyond technological
advancement. Unlike Industry 4.0, which primarily focuses on automation and digital transformation, Industry 5.0 emphasizes
human-centricity, sustainability, resilience, and responsible use of advanced technologies. Therefore, modern supply chains
are expected to simultaneously satisfy economic, environmental, social, and technological requirements.

Distribution centers and sales channels represent critical intermediate nodes within supply chain networks. Their performance
directly affects customer service levels, logistics costs, responsiveness, resilience, and overall network effectiveness. Despite
their strategic importance, previous studies have largely concentrated on facility location, supplier selection, and network
optimization, while relatively limited attention has been paid to the comprehensive evaluation of distribution centers and sales
channels under the integrated perspectives of viable supply chains, circular economy, and Industry 5.0.

To address this research gap, this study develops a comprehensive analytical framework for evaluating and ranking distribution
centers and sales channels in a viable supply chain, incorporating circular economy dimensions and Industry 5.0 requirements.
The lubricant industry, specifically Behran Oil Company, is selected as the case study due to its extensive distribution network,
diverse product portfolio, and significant operational complexity.

2. Methodology

This research adopts a multi-criteria decision-making (MCDM) approach and proposes a two-stage scenario-based
evaluation framework.
In the first stage, evaluation criteria and sub-criteria were identified through an extensive review of the literature, industrial
reports, and expert opinions. The identified criteria were categorized into six major dimensions:
1. Sustainability

2. Resilience

3. Agility

4. Digitalization

5. Human-centricity
6. Circular Economy

A panel of industry experts participated in the evaluation process. To address uncertainty and ambiguity in expert
judgments, the Stochastic Fuzzy Best-Worst Method (SFBWM) was employed for criteria weighting. Three decision scenarios
were considered, including optimistic, most-likely, and pessimistic conditions. Expert assessments were represented using
fuzzy linguistic variables, and scenario probabilities were incorporated into the weighting process to generate robust and
reliable criteria weights.

In the second stage, the performance of distribution centers and sales channels was assessed using the Stochastic Fuzzy
TOPSIS (SFTOPSIS) method. The weighted evaluation matrix was constructed based on expert assessments, and alternatives
were ranked according to their relative closeness to the ideal solution. Similar to the weighting phase, uncertainty was
incorporated through fuzzy evaluations and multiple scenarios.

To validate the effectiveness of the proposed framework, the obtained results were compared with several conventional
MCDM approaches, including Traditional Best-Worst Method (TBWM), Fuzzy Best-Worst Method (FBWM), Fuzzy Analytic
Hierarchy Process (FAHP), Fuzzy TOPSIS, and Fuzzy VIKOR.

3. Results

The results of the stochastic fuzzy Best-Worst analysis reveal that resilience is the most important evaluation dimension,
followed by sustainability and agility. Digitalization received the lowest relative importance among the six dimensions. These
findings indicate that the ability of distribution centers to maintain operational continuity and recover from disruptions is more
critical than technological capabilities alone.

Among the resilience sub-criteria, distribution capacity flexibility and operational recovery speed received the highest
weights, highlighting the significance of adaptive capacity and rapid recovery in maintaining supply chain viability. In the
sustainability dimension, economic sustainability emerged as the most influential factor, emphasizing the importance of long-
term financial stability alongside environmental and social responsibilities.

Within the agility dimension, the ability to modify sales channel structures and rapidly adjust distribution plans were
identified as key determinants of superior performance. In the circular economy dimension, lifecycle traceability of products
and efficient reuse of distribution assets were found to be particularly important. Regarding human-centricity, occupational
health and safety obtained the highest weight, reflecting the increasing importance of workforce well-being under Industry 5.0
principles.

The results of the Stochastic Fuzzy TOPSIS evaluation demonstrate substantial differences among the evaluated
distribution centers. Distribution Center 6 achieved the highest overall performance score and ranked first among all
alternatives. Its superior performance can be attributed to balanced achievements across resilience, sustainability, agility,
circular economy, and human-centricity dimensions. Distribution Centers 2 and 7 occupied the second and third positions,
respectively, indicating acceptable performance with potential for further improvement.

Conversely, Distribution Center 3 exhibited the weakest performance and the greatest distance from the ideal solution. This
result suggests significant deficiencies in operational flexibility, resilience capabilities, and strategic alignment with circular
economy and Industry 5.0 requirements. Therefore, corrective actions and structural improvements are recommended for this
center.

The comparative analysis further confirms the effectiveness of the proposed framework. The stochastic fuzzy Best-Worst
method produced lower total deviation values than conventional weighting approaches, indicating greater consistency with
expert judgments. Similarly, the ranking outcomes generated by the stochastic fuzzy TOPSIS approach showed strong
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agreement with those obtained from alternative MCDM methods, demonstrating the robustness and reliability of the proposed
methodology.

4. Cocnlusion

This study presents a novel integrated framework for evaluating distribution centers and sales channels within a viable
supply chain by simultaneously considering circular economy principles and Industry 5.0 requirements. The proposed two-
stage framework combines the Stochastic Fuzzy Best-Worst Method and Stochastic Fuzzy TOPSIS to address uncertainty and
improve decision-making quality.

The findings indicate that resilience constitutes the most critical capability for distribution centers operating in uncertain
environments. Distribution capacity flexibility, operational recovery speed, and lifecycle traceability emerged as the most
influential sub-criteria. The results also demonstrate that successful supply chain performance requires a balanced combination
of resilience, sustainability, agility, human-centricity, and circular economy capabilities rather than focusing on a single
dimension.

From a managerial perspective, the proposed framework provides a practical decision-support tool for evaluating
distribution centers, prioritizing investments, improving operational performance, and enhancing long-term supply chain
viability. Moreover, the framework contributes to the academic literature by integrating viable supply chain theory, circular
economy concepts, and Industry 5.0 requirements within a unified evaluation structure.

Future studies may extend the proposed framework by incorporating optimization models, real-time operational data,
advanced artificial intelligence techniques, and dynamic network configurations. Additionally, applying the framework to other
industries and geographical contexts could further validate its generalizability and practical applicability.
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