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e Development of a novel two-stage
model for supplier selection in a
viable closed-loop supply chain
considering uncertainty.

o Identification of key criteria for
evaluating sustainable suppliers and
weighting them using the SFBWM.

o Application of the SFTOPSIS method
for ranking and selecting optimal
suppliers under complex conditions.
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In recent years, advances in technology, increased business complexity,
and crises such as COVID-19 have highlighted the need to rethink supply
chain management. The resilient supply chain approach—emphasizing
resilience, sustainability, agility, and digitalization—offers a modern
pathway to long-term organizational efficiency. This study evaluates
and selects suppliers for a closed-loop supply chain under uncertainty.
Key criteria were identified through literature review and expert
consultation, then weighted using the fuzzy-stochastic Best-Worst
Method (BWM). Suppliers were subsequently assessed and ranked via
the fuzzy-stochastic TOPSIS method. Findings reveal that beyond
traditional factors such as cost and quality, aspects like backup supplier
availability, waste management, and fair labor compliance are critical. A
medical equipment industry case study validated the model’s
effectiveness in identifying top suppliers and enhancing supply chain
performance, underscoring the importance of sustainability-focused,
long-term strategies over purely economic ones. The study’s novelty lies
in a two-stage decision-making framework that integrates resilient
supply chain principles, closed-loop structures, and dual uncertainties
(fuzzy and stochastic), offering a robust tool for managing complex,
ambiguous procurement environments.
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1. Introduction

The recent growth in technology, business
complexity, and crises like the COVID-19 pandemic
have made it important to rethink supply chain
management. Traditional methods based on cost,
delivery time, and quality are not sufficient enough
to address new challenges like environmental
concerns, global disruptions, and sustainability
needs. This has led to the development of such ideas
as sustainable supply chains that emphasize
minimizing waste, judicious usage of resources,
greenhouse gas emissions, and product recycling.
These concepts have evolved into closed-loop supply
chains (CLSC), where reverse and forward logistics
are merged together to create end-to-end,
integrated, sustainable systems that add value while
fulfilling environmental and social responsibilities.
The COVID-19 pandemic greatly impacted global
supply chains, causing disruptions across multiple
industries and even the closure of businesses in other
sectors. It highlighted the importance of robust
organizational, informational, technological,
financial, and operational structures in preventing
market failure and ensuring operational stability. In
response to this, the idea of "viable supply chain"
(VSC) has grown more prominent with focus on the
ability of supply chains to maintain performance,
adapt to changing conditions, and remain effective in
spite of disruptions. VSC blends ideas of
sustainability, resilience, flexibility, and
digitalization to ensure long-term viability even in
volatile environments.

The medical equipment industry is a strategic and
key element in healthcare networks that involves the
prevention of diseases, diagnosis, and treatment. Its
supply chain is hard to manage due to the fact that
products are delicate, they have quality
requirements, legal frameworks, and safety
measures. Supplier analysis and selection within
sustainable CLSC under fuzzy-stochastic (hybrid)
uncertainty is examined here in the industry. Based
on literature review and experts' views, the most
significant criteria are obtained and weighed by the
stochastic-fuzzy Best-Worst Method (SFBWM). The
suppliers are then ranked using the stochastic-fuzzy
TOPSIS (SFTOPSIS). The contribution entails a two-
stage decision model that exploits VSC dimensions,
CLSC structures, and dual  uncertainties
simultaneously, thus providing an efficient tool for
fuzzy procurement contexts (Zahari et al., 2023;
Zekhnini et al., 2023).

The research aims: (1) Coordinate CLSC networks
based on viability criteria under uncertainty
conditions; (2) Identify and prioritize primary viable
supplier choosing criteria; (3) Rank suppliers based
on an empirical case study of medical equipment
according to VSC criteria. This provides theoretical
and practical contribution by bridging gaps
concerning overall models of viability, circularity,
and combined uncertainty.

2. Methodology

The method applies a two-stage multi-criteria
decision-making (MCDM) method to evaluate and
rank the suppliers in a sustainable CLSC with mixed
uncertainty.

Stage 1 requires the identification of criteria and sub-
criteria through the systematic literature review and
expert interviews. There are five main dimensions
created: general (cost reduction, delivery time,
quality level, service level); sustainability (fair labor
conditions, green design, waste management,
financial reliability, employee safety and health);
resilience (strategic reserves, risk management,
backup suppliers, robustness, information sharing);
agility (trust-building, response speed, service
flexibility, production flexibility, raw material
flexibility); and digitalization (smart warehousing,
digital competency, cybersecurity, technology
compatibility, digital relationships). These are
tailored to the medical equipment industry,
emphasizing sensitivity to disruptions and
regulatory compliance. Weights are calculated on
the basis of SFBWM, an extension of Best-Worst
Method (BWM) using fuzzy numbers to reflect
cognitive uncertainty and stochastic scenarios in
order to reflect random uncertainty. Most preferred
and least preferred criteria are identified by the
experts who then perform pairwise comparisons
using fuzzy linguistic descriptors (very important:
(3.5, 4, 4.5)) in optimistic, likely, and pessimistic
cases. The model minimizes inconsistency rates via
scenario-based mathematical programming:
Suppliers are ranked in Stage 2 with the assistance of
SFTOPSIS, an extension of TOPSIS to solve fuzzy-
stochastic data. A three-dimensional fuzzy decision
matrix (M x N x S) is formed with M as alternatives,
N as criteria, and S as scenarios. The matrix is
normalized relative to benefit/cost criteria,
weighted, and combined using expected values. Ideal
positive/negative  solutions are obtained and
calculated distances with Euclidean fuzzy metrics.
Relative closeness (Ci) ranks suppliers. The approach
is validated using comparison against standard
BWM, fuzzy BWM, fuzzy AHP for weights, and fuzzy
TOPSIS, VIKOR fuzzy, stochastic VIKOR for ranking,
on the basis of inconsistency rates and aggregate
deviation as criteria. Information collection was
through questionnaires from 10 case firm experts,
optimized in MATLAB.

3. Results and Discussion

The case study focuses on "Ebtekar Teb Yekta," a
leading Iranian medical device manufacturer. Five
main suppliers and three spares are examined.

With SFBWM, resilience is the most critical criterion
(weight 0.216), with the focus placed on risk
management in risky surroundings. The significant
sub-criteria include backup suppliers (0.04579),
emphasizing redundancy needs; information sharing
(0.04384) and strategic reserves (0.04276) come
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next and third, respectively, with a concern for
cooperation and preparedness. Sustainability is
ranked second (0.204), where waste management
(0.0444) takes the lead to signify environmental
concerns; fair labor (0.0426) highlights social
responsiveness. General criteria (0.201) give priority
to cost savings (0.04442), evidencing economic
constraint. Agility (0.194) stresses flexibility in
service (0.04171) and speed in response (0.0403) for
demand fluctuation adjustments. Digitalization
(0.185)  identifies  technology  compatibility
(0.03903), pointing to integration possibilities.

SFTOPSIS ranks the top suppliers: Supplier 2
(Ci=0.5), best in resilience and sustainability, first;
Supplier 1 (0.48) second; Supplier 4 (0.43) third;
Supplier 3 (0.3) fourth. As standby: Supplier 3 (0.62),
best in agility and digitalization, first; Supplier 1
(0.49) second; Supplier 2 (0.38) third. Validation
shows SFBWM having lowest total deviation (1.614)
compared to fuzzy BWM (1.989), classical BWM
(1.725), and fuzzy AHP (2.217), implying greater
consistency under uncertainty. Inconsistency rate
(0.047) is also competitive, outperforming fuzzy AHP
(0.080). For ranking, SFTOPSIS is consistent with
alternatives in  highest ranks with lower
computational complexity for large datasets.
Findings validate the model's effectiveness in
determining strong, sustainable suppliers, shifting
focus from cost-alone to long-term sustainability. In
medical equipment, resilience withstands pandemics
as disturbances and sustainability ensures
compliance. The innovation in the framework for
coping with mixed uncertainty generates resilient
choices better than single-uncertainty methods.

4. Conclusion

The research develops a new two-stage MCDM
model for supplier selection in viable CLSCs with
mixed uncertainty, and applies it to medical devices.
Main conclusions indicate resilience to be of primary
concern, then sustainability, and recommend backup
suppliers, waste treatment, and fair labor. Rankings
identify the optimal first-choice (Supplier 2) and
second-choice (Supplier 3) suppliers, which also
enhance chain performance. The approach merges
VSC principles (digitalization, agility, sustainability,
resilience) with CLSC and double uncertainties,
offering an instrument for complex settings.
Confirmation ensures excellence in consistency and
deviation. Backup and sharing to promote resilience
should be emphasized by managers, waste avoidance
for sustainability and ethics, response to agility, and
integration to digitalize. Policymakers can use results
to enact standards facilitating viable chains. Sector-
specific focus; reliance on expert opinions; un-
integrated emerging technology. Future studies:
Validate industry-wise; add  AlI/blockchain;
incorporate real-time data; look at organizational
drivers.
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Figure 1. General framework of the present

research.
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Table 6. Sustainability criteria
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Table 8. Agility metrics
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Table 9. Digitization criteria
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Table 10. Final weight of criteria and sub-criteria
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Table 12. Non-compliance rate and total deviation
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