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In today’s highly competitive business environment, integrating smart transformation
objectives—such as the adoption of the Internet of Things and artificial intelligence—
with environmental, social, and economic sustainability goals is essential for achieving
sustainable competitive advantage. The literature indicates that previous studies have
often examined these dimensions separately or have exhibited considerable
methodological gaps in addressing uncertainty and prioritizing strategies. Against this
background, the present study aims to identify and evaluate key strategies for
transitioning toward a smart and sustainable supply chain in the home appliance
industry. Using fuzzy-stochastic multi-criteria decision-making methods, the study
identifies and assesses a set of influential strategies and criteria. First, the principal
criteria associated with the research problem were weighted using the fuzzy—stochastic
Best-Worst Method. Subsequently, the identified strategies were ranked under
different uncertainty scenarios—pessimistic, most likely, and optimistic—using the
fuzzy—stochastic Complex Proportional Assessment method. The required data were
collected through a survey of five groups of experts with relevant expertise in the field
under investigation. The study was conducted as a case study in the home appliance
industry. The findings indicate that flexibility, operational feasibility, investment cost,
safety, scalability, and global warming were identified as the most important criteria.
Furthermore, the results showed that smart circular economy and the application of
advanced technologies in production processes were the highest-ranked strategies.
These findings provide valuable managerial insights that can assist managers in
allocating resources more effectively and making more informed strategic decisions to
achieve smart transformation and sustainability objectives.

Keywords: supply chain management, smart supply chain, sustainable supply chain,
home appliance industry.
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Extended Abstract
Introduction

Supply chain management has become a strategic organizational capability because business
competitiveness increasingly depends on coordination among suppliers, manufacturing units, distributors,
retailers, and customers. Effective supply chain integration can improve logistics performance, reduce
operating costs, increase responsiveness, and strengthen competitive advantage, particularly in markets
characterized by demand volatility and operational complexity (Dagdeviren & Erturgut, 2024; Jahed et
al., 2022). Nevertheless, conventional supply chains often lack the visibility, flexibility, and analytical
capacity required to respond effectively to product diversity, rapidly changing customer expectations,
technological disruptions, and unexpected interruptions.

The emergence of Industry 4.0 has accelerated the transition toward smart supply chains. In such
systems, technologies including the Internet of Things, artificial intelligence, big-data analytics,
blockchain, and cyber-physical systems support real-time monitoring, predictive decision-making,
process automation, and interorganizational coordination (Baj-Rogowska & Nozari, 2024; Zhang et al.,
2023). These technologies can enhance transparency, resource efficiency, agility, and responsiveness
throughout the supply chain. Digital technologies can also facilitate circular supply chain practices by
enabling product tracking, lifecycle monitoring, reverse logistics, recovery planning, and the intelligent
management of returned products and materials (Morshedi et al., 2026). In the home appliance sector, the
application of the Internet of Things in reverse logistics can improve information flows and increase the
value recovered from collected products (Cortés-Pellicer et al., 2025).

At the same time, environmental degradation, resource scarcity, social expectations, and regulatory
pressures have transformed sustainable supply chain management from an operational concern into a
strategic priority. A sustainable supply chain seeks to maintain economic viability while reducing
environmental impacts and supporting social responsibility. Sustainability performance can be
strengthened when green practices, governance mechanisms, service innovation, and Industry 4.0
capabilities are implemented in an integrated rather than fragmented manner (Alkaraan et al., 2025).
Previous research in the home appliance industry has similarly emphasized the importance of resilient,
agile, low-carbon, and closed-loop supply chain networks and has identified insufficient managerial
commitment and limited research and development capacity as major barriers to sustainability (Dehkordi
& Ardali, 2025; Pathak et al., 2025).

Despite these advances, smart supply chain development and sustainability have frequently been
investigated as separate domains. Moreover, many available evaluation approaches rely on deterministic
information and cannot adequately represent the ambiguity of expert judgments and the stochastic nature
of environmental conditions. Accordingly, the present study aimed to identify and prioritize strategies for
transitioning toward a smart and sustainable supply chain in the home appliance industry. The study
integrated the fuzzy-stochastic Best-Worst Method with the fuzzy-stochastic Complex Proportional
Assessment method to determine the relative importance of evaluation criteria and rank strategic
alternatives under pessimistic, most-likely, and optimistic scenarios.

Materials and Methods

This applied research was conducted as a case study in the home appliance industry using a multi-
criteria decision-making framework. The research procedure consisted of four principal stages: identifying
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potential evaluation criteria and strategies, validating the identified factors through expert judgment,
calculating the relative weights of the criteria, and ranking the strategic alternatives under uncertainty.

The initial criteria and strategies were extracted through a structured review of studies on smart
supply chains, sustainable supply chains, circular economy practices, digital transformation, and supply
chain strategy. The preliminary factors were subsequently reviewed by experts to ensure their
compatibility with the specific characteristics of the home appliance industry. These characteristics
included substantial product diversity, relatively short product lifecycles, changing customer preferences,
the need for flexible production, considerable energy consumption, environmental requirements, complex
supplier networks, and the increasing importance of digitalization.

Because of the specialized nature of the research, purposive sampling was used to select five
expert-group leaders representing academic, technical, and executive perspectives. The panel included a
home appliance supply chain consultant, an information technology specialist, two university academics
in industrial management and industrial engineering, and a production manager from the home appliance
industry. The experts had between 7 and 12 years of relevant professional or research experience.

Ten evaluation criteria were retained: investment cost, global warming, pollution control and
prevention, local development, social acceptance, operational feasibility, safety, smart information
management, scalability, and flexibility. Four strategic alternatives were evaluated: the application of
advanced technologies in production processes (Al), blockchain-based supply chain transparency and
traceability (A2), green and smart warehousing (A3), and smart circular economy practices (A4).

Criterion weights were calculated using the fuzzy-stochastic Best-Worst Method. Expert
comparisons were represented by triangular fuzzy numbers. Three scenarios were defined: pessimistic,
most likely, and optimistic, with occurrence probabilities of 0.25, 0.50, and 0.25, respectively.
Defuzzification was performed using the graded mean integration representation approach, and the
consistency of expert comparisons was examined.

The strategies were then evaluated using fuzzy-stochastic Complex Proportional Assessment. A
fuzzy decision matrix was developed for each scenario using linguistic assessments ranging from very
low to very high. The decision matrices were normalized and multiplied by the calculated criterion
weights. Beneficial and non-beneficial criterion values were aggregated separately, and the scenario-
specific performance values were defuzzified. The expected performance criterion was subsequently
calculated by combining scenario performance with the probability of each scenario. The robustness of
the findings was assessed by comparing criterion weights with fuzzy analytic hierarchy process results
and comparing strategy rankings with fuzzy-stochastic TOPSIS and fuzzy-stochastic VIKOR results.

Findings

The fuzzy-stochastic Best—Worst Method produced a relatively balanced distribution of weights
across the ten evaluation criteria. The criterion weights ranged from 0.09852 to 0.10135, indicating that
all economic, operational, environmental, technological, and social dimensions contributed meaningfully
to the assessment.

Flexibility received the highest weight, at 0.10135. Investment cost ranked second with a weight
of 0.10109, followed by operational feasibility at 0.10096, scalability at 0.10092, safety at 0.10075, and
global warming at 0.10038. These results identified flexibility, financial requirements, implementation



capability, expansion potential, safety, and climate-related impacts as the most influential considerations
in selecting smart and sustainable supply chain strategies.

Smart information management received a weight of 0.09886, while social acceptance obtained a
weight of 0.09865. Pollution control and prevention and local development each received a weight of
0.09852. Although these criteria were ranked below the other dimensions, their weights remained close to
those of the highest-ranked criteria. The limited variation among the weights demonstrated that the
transition toward a smart and sustainable supply chain requires a multidimensional evaluation rather than
an exclusive focus on technology, cost, or environmental performance.

The fuzzy-stochastic Complex Proportional Assessment results clearly differentiated the four
strategic alternatives. Smart circular economy practices achieved the highest expected performance
criterion score, at 112.90, and were ranked first. The application of advanced technologies in production
processes received a score of 108.50 and ranked second. Blockchain-based supply chain transparency and
traceability ranked third with a score of 95.27, while green and smart warehousing ranked fourth with a
score of 92.17.

The scenario-specific proportional performance values further supported the superiority of smart
circular economy practices. This strategy obtained performance scores of 100.00 under the pessimistic
scenario, 106.80 under the most-likely scenario, and 137.80 under the optimistic scenario. Advanced
production technologies obtained corresponding values of 87.31, 107.00, and 132.90. Although the
performance of the alternatives varied across scenarios, the aggregation of scenario probabilities resulted
in stable first- and second-place rankings.

The validation analysis supported the robustness of the findings. Criterion weights obtained
through the fuzzy-stochastic Best-Worst Method were broadly consistent with those generated through
the fuzzy analytic hierarchy process. However, the fuzzy-stochastic Best-Worst Method demonstrated a
lower inconsistency rate. Furthermore, fuzzy-stochastic COPRAS, TOPSIS, and VIKOR produced
identical results for the two highest-ranked strategies. Smart circular economy practices ranked first, and
advanced production technologies ranked second across all three methods. Only the third and fourth
positions differed between blockchain-based traceability and green and smart warehousing.

Discussion and Conclusion

The findings demonstrate that transitioning toward a smart and sustainable supply chain in the
home appliance industry requires simultaneous attention to adaptability, affordability, implementation
capability, scalability, safety, and environmental performance. Flexibility emerged as the most important
criterion because home appliance manufacturers operate in an environment characterized by substantial
product diversity, fluctuating demand, rapidly changing consumer preferences, and continuous
technological development. Nevertheless, the weight of flexibility was only slightly higher than those of
the other criteria. Therefore, technological transformation cannot be successful unless it is also financially
feasible, operationally implementable, scalable, safe, and environmentally responsible.

The first-place ranking of smart circular economy practices indicates that the most desirable
strategy is one that integrates digital intelligence with product and material circularity. Smart circular
economy initiatives can combine lifecycle data, connected products, predictive analytics, reverse logistics,
repair, reuse, remanufacturing, recycling, and intelligent waste separation. Such a strategy can reduce raw-
material consumption and environmental impacts while creating opportunities for cost recovery, after-
sales services, and improved control over products after their initial use.
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The second-place ranking of advanced production technologies highlights the strategic importance
of automation, intelligent machinery, data-driven production control, and digitally integrated
manufacturing. These technologies can improve productivity, reduce defects and waste, enhance energy
management, and enable faster responses to market changes. Smart circular economy practices and
advanced manufacturing technologies should therefore not be considered competing alternatives.
Advanced manufacturing infrastructure can generate the data, traceability, and process control required
for effective circular economy implementation.

Blockchain-based traceability and green and smart warehousing remained valuable strategies
despite their lower rankings. Their positions do not indicate that they are unnecessary. Rather, these
strategies may generate greater value when implemented as enabling components of a broader supply
chain transformation program. Blockchain implementation requires digital maturity, standardized data,
partner participation, and appropriate governance mechanisms. Similarly, smart warehousing can improve
inventory visibility, energy efficiency, storage operations, and material handling, but its organizational
impact may remain limited unless it is integrated with procurement, production, distribution, and reverse
logistics.

Managers should adopt a phased resource-allocation approach. Smart circular economy initiatives
and advanced production technologies should receive priority, while blockchain and smart warehousing
capabilities should be introduced according to organizational readiness and operational requirements.
Strategic decisions should also be evaluated under multiple uncertainty scenarios rather than being based
on a single forecast.

In conclusion, the study provides an integrated and uncertainty-sensitive framework for evaluating
smart and sustainable supply chain strategies in the home appliance industry. Smart circular economy
practices were identified as the most desirable strategic direction, followed by advanced technologies in
production processes. The balanced distribution of criterion weights further confirms that successful
transformation depends on coordinated economic, operational, environmental, technological, and social
decisions. A phased and portfolio-based implementation of these strategies can improve resource
efficiency, adaptability, competitiveness, and long-term sustainability while reducing the risks associated
with fragmented or poorly prioritized investments.
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