System Engineering and Productivity/ 2027/ Vol.7/ No.1/ 171-199

QV? System Engineering and Productivity
®

Journal of
System Engineering
and Productivity

DOI: 10.22034/sep.2026.2093461.1521

OCIETY

>

0
IRAN LOGESTICS

Chalsiunalyasl

A Scenario-based Decision-Making Model for Green and Agile Supplier

Selection in the Industry 4.0 Context Considering Crisis Conditions: A Case

Study of Healthcare Systems

Amirhossein Younesi®'’, Mohammad Akhshabi>"">", Hossein Amoozadkhalili*
Mohamad Ebrahim Tayebi Araghi®

! Department of Management, Ro.C., Islamic Azad University, Roudehen, Iran
> Department of Industrial Engineering, To.C., Islamic Azad University, Tonekabon, Iran
® Department of Industrial Engineering, Sar.C., Islamic Azad University, Sari, Iran

* Department of Industrial Engineering, Arv.C., Islamic Azad University, Abadan, Iran

HIGHLIGHTS

GRAPHICAL ABSTRACT

e Incorporating the green and agile and
Industry 4.0 indicators in healthcare
supplier selection problem.

e Considering supplier selection
problem in crisis conditions.

e Developing a hybrid scenario-based
decision framework to investigate the

research problem.

Identifying key
green, agile, and

Identifying
f:?i‘izrsitary for fhg Calculating potential
i criterion weights suppliers, X
S| [ e | W | e | W) |
roblem in stochastic Best- using the
ﬁealthcare Worst method stochastic
TOPSIS method

systems under
crisis

ARTICLE INFO

ABSTRACT

Article history:

Article Type: Research paper

Received: 7 July 2026

Revised: 31]July 2026

Accepted: 10 August 2026

Available online: 10 August 2026
“Correspondence: m.akhshabi@iau.ac.ir

How to cite this article:

Younesi, A, Akhshabi, M,
Amoozadkhalili, H., & Araghi, M. E. T.
(2027). A scenario-based decision-
making model for green and agile
supplier selection in the Industry 4.0
context considering crisis conditions: a
case study of healthcare systems. System
Engineering and Productivity, 7 (1), 171-
199.

Keywords:

Supplier Selection
Healthcare Systems
Green Supply Chain
Agile Supply Chain
Industry 4.0

Supplier selection in healthcare systems, particularly under crisis conditions
such as war, economic sanctions, and pandemics, is a highly sensitive and
complex issue. Any disruption in the supply of critical equipment, such as
dialysis machines, can directly impact the quality of healthcare services and
patient safety. With the advent of Industry 4.0 and the proliferation of
digital technologies, criteria related to digitalization and smart capabilities
have become essential dimensions in supplier evaluation. However, few
studies have addressed supplier selection using an integrated approach that
encompasses green, agile, and Industry 4.0 dimensions under uncertainty.
This research proposes a stochastic decision-making model for selecting
medical equipment suppliers, simultaneously considering greenness,
agility, and Industry 4.0 aspects under three scenarios: pessimistic,
probable, and optimistic. To achieve this, criterion weights were first
calculated using the Stochastic Best-Worst Method (BWM), followed by
ranking the suppliers via the Stochastic TOPSIS method. The weighting
results indicated that “quality,” “service level,” and “robustness” hold the
highest priority under crisis conditions. Furthermore, the supplier ranking
results demonstrated the superiority of the first selected supplier.
Comparing the results with Stochastic VIKOR and Stochastic COPRAS
methods confirmed the high convergence and robustness of the proposed
approach. The findings of this study can serve as a practical guide for
healthcare managers in designing resilient and agile supplier evaluation and
selection strategies to navigate crises effectively.
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1. Introduction

Supplier selection represents a critical strategic
decision in supply chain management (Becerra &
Diaz, 2025). This decision significantly impacts not
only operational costs and efficiency but also the
quality, reliability, and sustainability of the entire
supply chain. In today’s complex and competitive
business environment, organizations can no longer
evaluate suppliers solely based on price or supply
capacity; rather, they must incorporate a set of
multifaceted criteria into their decision-making
process (Kashanian Monfared et al., 2025; Avazpour
et al., 2025; Moslemi & Safaie, 2026). This issue is of
paramount importance in the healthcare sector,
where any deficiency in supplier performance can
directly affect the quality of healthcare services,
continuity of care, and even patient safety (Naser et
al., 2026; Hemmasian Etefagh, 2022).

In recent years, increasing social and institutional
sensitivity toward environmental issues has elevated
the concept of “Green Supply Chain Management”
(GSCM) to a prominent position in supply chain
literature (Cui et al., 2023). In this approach, supplier
selection extends beyond traditional economic and
operational criteria to include indicators such as
pollution control, reduction of greenhouse gas
emissions, waste management, optimal resource
consumption, and the use of eco-friendly raw
materials (Li & Zhong, 2024). This evolution
highlights the necessity for organizations—
particularly in sensitive public sectors—to strike a
balance between operational efficiency and
environmental responsibility.

Alongside environmental considerations, “Agility”
has emerged as a key element of supply chain success
(Sahoo et al., 2025; Rashidi et al., 2025). Agility refers
to the ability of an organization and its suppliers to
respond rapidly, flexibly, and effectively to
environmental changes, demand fluctuations, supply
disruptions, and unforeseen conditions. In the
healthcare  system, which faces frequent
uncertainties, high time pressure, and critical human
consequences, having agile suppliers is a decisive
factor in maintaining operational continuity and
reducing vulnerability. This capacity for rapid
response becomes even more vital during crises, such
as pandemics, resource shortages, transportation
disruptions, or sudden market shocks.

Furthermore, Industry 4.0 has opened new horizons
for supply chain management. Technologies such as
the Internet of Things (IoT), Big Data, Artificial
Intelligence (AI), cloud computing, and blockchain
have provided tools to significantly enhance
transparency, traceability, coordination, and
decision-making speed (Hosseini Dolatabad et al.,
2023). The integration of these technologies into
healthcare supply chains, particularly regarding
information management, item tracking, inter-
departmental coordination, and data exchange
security, can substantially improve system reliability

(Beltran-Salomon et al, 2025). Consequently,
considering indicators such as information
technology, cybersecurity, and digital capabilities has
become an inevitable necessity in supplier
evaluation.

Despite the proliferation of studies on supplier
selection, green supply chains, agility, and Industry
4.0, the majority of existing research has examined
these dimensions in isolation. Moreover, most
available models are designed based on deterministic
and static assumptions, largely overlooking the
realities of crisis-prone and uncertain environments.
Given that decision-making in healthcare systems,
especially during crises, is influenced by severe
fluctuations, incomplete information, resource
limitations, and rapidly changing environmental
conditions, the absence of a comprehensive
framework that simultaneously integrates green,
agile, and technological dimensions within a
stochastic, scenario-based model constitutes a
significant research gap.

Accordingly, this study aims to provide a stochastic
decision-making model for selecting green and agile
suppliers within the context of Industry 4.0, while
accounting for crisis conditions in healthcare
systems. By integrating key criteria from all three
domains, this model offers a coherent and practical
framework for evaluating and ranking suppliers,
enabling healthcare organizations to make more
precise, flexible, and resilient decisions in the face of
crises.

2. Methodology

The current study is applied in nature and falls under
the category of Multi-Criteria Decision-Making
(MCDM) research in stochastic environments. The
designed framework aims to model the supplier
selection process in one of the most complex and
sensitive decision-making contexts: healthcare
systems under crisis. Since data, preferences,
evaluations, and operational conditions are not fully
deterministic or stable in such environments,
traditional deterministic approaches fail to provide a
realistic representation of the problem. Therefore, by
adopting a scenario-based and stochastic approach,
this study seeks to design a supplier evaluation
process that is better aligned with the reality of the
decision-making environment.

In the first step, the research problem was defined
with a focus on selecting suppliers of equipment and
materials required in healthcare systems.
Subsequently, based on theoretical foundations,
literature review, and expert judgment, a set of 16
final evaluation criteria was extracted and organized.
These criteria encompass a spectrum of economic,
functional, environmental, agility-related, and
technology-oriented  indicators, providing a
comprehensive  representation  of  supplier
competence. The rationale for selecting these criteria
is that during crises, healthcare organizations require
suppliers who not only demonstrate high levels of
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quality and service but also possess operational
flexibility, rapid response capabilities, data exchange
proficiency, information traceability, and alignment
with environmental requirements.

Given that determining the relative importance
(weighting) of criteria is a major challenge in MCDM,
this study utilized the Stochastic Best-Worst Method
(BWM) to weight the criteria. This method is an
advanced version of BWM that enables the modeling
of uncertainty and volatility in decision-makers’
judgments. The primary advantage of this approach
is that, rather than assuming complete certainty in
expert preferences, it allows for a range of possible
states to be considered, leading to more consistent
and realistic criterion weights. In environments like
healthcare supply chains, where market conditions,
inventory status, delivery times, and resource
availability may fluctuate over short periods, such an
approach offers superior analytical validity compared
to deterministic methods.

After determining the criteria weights, the supplier
ranking phase was conducted using the Stochastic
TOPSIS (Technique for Order of Preference by
Similarity to Ideal Solution) method. This approach,
relying on the logic of distance from the positive and
negative ideal solutions, allows for the ranking of
alternatives in a space where parameters and
evaluations are stochastic in nature. Essentially, this
study assumes that managers’ decisions in supplier
selection should be based on evaluating alternatives
against criteria whose importance and values may
fluctuate under various crisis scenarios. Thus, the use
of Stochastic TOPSIS has enabled a ranking based on
amore dynamic and realistic perspective.

To reflect crisis conditions and examine the model’s
behavior under different environmental states, three
main scenarios were considered: pessimistic (25%
probability), probable (50% probability), and
optimistic (25% probability). The pessimistic
scenario reflects a situation where the crisis intensity
is high, supply limitations are increased, and
uncertainty is high. The probable scenario depicts a
more moderate and realistic state where some
limitations exist but conditions are manageable. The
optimistic scenario represents conditions where the
crisis intensity is lower and the supply chain
possesses relatively greater stability. Designing these
three scenarios ensures that the proposed model is
not limited to a static state but rather possesses the
analytical power to evaluate alternatives across a
spectrum of possible conditions.

Furthermore, to evaluate the robustness and
reliability of the results, the outputs of the proposed
method were compared with those of two other
methods: Stochastic VIKOR and Stochastic COPRAS.
This comparison is critical; if the ranking obtained
from the proposed method demonstrates significant
consistency with other valid methods, greater
confidence can be placed in the stability and validity
of the results. Additionally, this cross-method
comparison allows for the assessment of result
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sensitivity to the choice of decision-making
technique. In sum, the methodology of this study is
based on a multi-layered framework that aims to
cover modern, multifaceted supplier selection criteria
while utilizing a stochastic, scenario-based approach
to address the complexities and uncertainties
inherent in healthcare systems.

3. Results and Discussion

The computational findings from implementing the
Stochastic BWM model indicate that, under crisis
conditions, the prioritization of supplier evaluation
criteria in  healthcare supply chains shifts
significantly toward performance and resilience
indicators. Based on the extracted final weights,
“Quality” (weight: 0.06475), “Service Level” (weight:
0.06445), and “Robustness” (weight: 0.06415) were
ranked first through third, respectively. This finding
demonstrates that in crisis environments, healthcare
organizations prioritize suppliers capable of
providing stable, precise, and reliable services above
all else.

Subsequently, “Flexibility in Product Manufacturing”
(weight: 0.06385) and “Cost” (weight: 0.06355) hold
the following ranks, indicating that while cost
remains important, its relative weight decreases
during crises compared to operational and quality
performance metrics. Furthermore, Industry 4.0 and
agility-related criteria, including “Cybersecurity”
(weight: 0.06325) and “Flexibility in Delivery Time”
(weight: 0.06295), occupy significant weights in the
intermediate priority range. This confirms that the
current study correctly incorporates technological
and operational dimensions into the decision-
making process, as information security and timely
delivery are critical components of resilience in
digital supply chains.

At lower levels of priority, “Pollution Control”
(weight:  0.06265), “Flexibility in Production
Volume”  (weight:  0.06235), and “Green
Warehousing” (weight: 0.06205) are located.
Similarly, “Eco-friendly Raw Materials” (weight:
0.06115) and “Greenhouse Gas Emissions” (weight:
0.06085) are among the environmental criteria
included in the model. In the technological domain,
“Information Technology” (weight: 0.06055) and
“Digital Customer Relationship Management”
(weight: 0.06025) appear at the end of the list. This
distribution suggests that in the analyzed crisis
scenario, functional and resilience criteria outweigh
green and digital criteria, although the latter still play
ameaningful role in the model.

Regarding supplier ranking, the results demonstrate
that “Supplier A1” performed the best and ranked
first, while “Supplier A2” was placed at the bottom.
The superior performance of the top-ranked supplier
across a set of core criteria including quality, service
level, robustness, and adaptive capabilities suggests
that the proposed model is not dependent on any
single criterion. Instead, by considering multiple
weights and various scenarios, it selects the
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alternative that, in aggregate, best aligns with the
healthcare system’s needs during a crisis.

The discussion of the results also highlights the
significant managerial implications of this approach.
First, it confirms that in crisis conditions, traditional
criteria such as cost should not be the sole basis for
selection. Second, the high importance of quality and
service level indicates that in healthcare, service
continuity and supplier reliability outweigh short-
term price advantages. Third, the inclusion of criteria
such as cybersecurity and information technology
demonstrates that supplier selection in the new era is
incomplete without considering digital
infrastructure and information security.

From a comparative perspective, the study
demonstrates that the results of the proposed model
are consistent with Stochastic VIKOR and Stochastic
COPRAS. This consistency reinforces the validity,
robustness, and stability of the rankings. In other
words, when three valid decision-making methods
confirm similar results, one can judge the suitability
of the top-ranked alternative with greater
confidence. Overall, the findings show that the
designed  framework  successfully  balances
environmental, operational, and technological
requirements, even if quality and resilience indices
remain the priority in crisis scenarios. This is vital for
healthcare managers, as it indicates that supplier
selection must simultaneously address sustainability,
flexibility, digital transparency, and environmental
compliance to make the supply chain more resistant
to crises.

4. Conclusions

This study aimed to provide a comprehensive
decision-making framework for selecting green and
agile suppliers within the context of Industry 4.0 and
crisis conditions, addressing one of the most critical
and timely issues in healthcare systems. The research
findings demonstrated that in such environments,
the supplier selection process must transcend
traditional evaluation boundaries and integrate a
multifaceted set of criteria, including quality, service
level, performance  stability, environmental
indicators, agility components, and technological
capabilities. The use of a stochastic, scenario-based
decision-making approach allowed the problem to be
analyzed in a context closer to reality, accounting for
environmental fluctuations and uncertainties.

Theoretically, the primary innovation of this study
lies in the integration of three important yet often
disparate fields—Green Supply Chain, Agile Supply
Chain, and Industry 4.0—into a stochastic multi-
criteria decision-making model. This integration,
particularly in the context of healthcare systems and
crisis management, contributes significantly to the
research literature in supply chain management,
MCDM, and crisis management. Methodologically,
the simultaneous application of Stochastic BWM and
Stochastic TOPSIS, alongside validation against
Stochastic VIKOR and Stochastic COPRAS, has

provided a robust and reliable framework for
analysis.

Practically, the findings offer substantial benefits to
hospital managers, healthcare centers, healthcare
support organizations, and decision-makers in
medical equipment procurement. The research
indicates that supplier selection during crises must
be conducted with a strategic, forward-looking, and
resilience-based perspective. To maintain service
continuity and reduce vulnerability to disruptions,
healthcare organizations must select suppliers who,
beyond economic advantages, possess high levels of
quality, response speed, adaptability, sustainability,
and technological readiness. Such an approach can
reduce the risk of critical supply interruptions,
enhance organizational response capacity, and
ultimately improve the sustainable performance of
the healthcare system.

These findings also highlight the importance of
developing long-term supplier relationships based
on continuous performance monitoring,
technological  collaboration, and joint risk
management. Such collaborative relationships can
strengthen supply chain resilience and enable
healthcare organizations to respond more effectively
to future  disruptions while maintaining
sustainability and service quality.

In summary, the model proposed in this study
provides an appropriate platform for more precise,
realistic, and resilient decision-making in supplier
selection. This framework helps elevate the supplier
evaluation process from a limited, cost-centric view
to a comprehensive, intelligent, crisis-aware, and
multi-criteria perspective. For future research, it is
recommended that this model be applied in other
industries and broader healthcare service supply
chains to evaluate its generalizability. Additionally,
future studies could incorporate further criteria such
as supply risk, social sustainability, digital
interoperability, and resilience. Exploring the
problem under hybrid uncertainty (Fuzzy-Scenario
integration) also represents a promising avenue for
future research.
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! Step-wise Weight Assessment Ratio Analysis (SWARA)

2 Rank Order Centroid (ROC)

® Fuzzy Analytic Hierarchy Process (FAHP)

4 Fuzzy Multi-Objective Optimization on the Basis of
Ratio Analysis (Fuzzy MOORA)

® Fuzzy Best-Worst Method (FBWM)

¢ Fuzzy Data Envelopment Analysis (FDEA)
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! Method based on the Removal Effects of Criteria
(MEREC)

2 Combined Compromise Solution (CoCoSo)

3 Combinative Distance-based Assessment (CODAS)

* Full Consistency Method (FUCOM)

* Multi-Objective Optimization by Ratio Analysis plus the
Full Multiplicative Form (MULTIMOORA)

¢ Fuzzy Measurement of Alternatives and Ranking
according to Compromise Solution (FMARCOS)

7 VIseKriterijumska Optimizacija I Kompromisno Resenje
(VIKOR)

8 Goal Programming-based Fuzzy Best—-Worst Method
(GP-FBWM)
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Figure 1. The dialysis machine and its components.

Table 1. Profile of experts
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Table 3. A sample of questionnaire for the stochastic best-worst method (best-to-other vector)
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Table 4. A sample of questionnaire for the stochastic best-worst method (other-to-worst vector)
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Table 5. Random decision matrix
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Table 6. Calculated weights for each criterion
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Table 7. Stochastic decision matrix
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Table 9. Values of index ¢
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Table 10. Final ranking of suppliers
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Table 11. Comparison of different methods
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Table 12. Results of sensitivity analysis
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Table 13. Results of sensitivity analysis about the change in the probability of scenarios
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Table 14. Comparing the results of ranking based on different weighting methods
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