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CrossMark

Supply chain management in manufacturing industries, particularly the construction
industry and its related products, such as uPVVC windows, faces numerous challenges.
Owing to market dynamics and the qualitative nature of the relevant variables, these
challenges are often characterized by ambiguity and uncertainty. This study aimed to
identify, screen, and prioritize the key challenges and problems associated with supply
chain management in the uPVC window industry. For this purpose, following a
comprehensive review of the research literature and consultation with industry experts,
the identified challenges were classified into six overarching evaluation criteria. In the
first stage, the main criteria were weighted using the fuzzy Step-wise Weight
Assessment Ratio Analysis (SWARA) method. Subsequently, the 20 identified
challenges were ranked using the fuzzy Weighted Aggregated Sum Product
Assessment (WASPAS) method. The findings indicate that, among the evaluation
criteria, “resistance to change and adaptation to innovation” has the highest level of
importance. Furthermore, according to the results of the fuzzy WASPAS model, “lack
of market demand” was identified as the most important and critical challenge facing
the uPVC window supply chain. The results of this study can assist managers and
decision-makers in this industry in optimizing resource allocation and mitigating
operational risks.

Keywords: supply chain, challenges, multi-criteria decision-making techniques,
uncertain environment, fuzzy SWARA, fuzzy WASPAS.
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Extended Abstract
Introduction

The construction industry is a major driver of economic activity and depends on supply chains
capable of coordinating materials, financial resources, information, technologies, and operational
activities across multiple organizational boundaries. Within this industry, the production of unplasticized
polyvinyl chloride (UPVC) windows constitutes a technically specialized supply chain involving
petrochemical raw-material suppliers, profile manufacturers, hardware and glass suppliers, assembly
workshops, distributors, contractors, and final customers. The performance of this chain is strongly
affected by changes in construction activity, fluctuations in raw-material prices, technological
developments, customer awareness, regulatory conditions, and market demand. Consequently, supply
chain management in the UPVC window industry requires an integrated approach to procurement,
production planning, logistics, information sharing, distribution, and market development.

Effective supply chain management can reduce procurement costs, improve product quality,
shorten lead times, enhance service levels, and support the optimal allocation of orders among suppliers.
Supplier evaluation and order allocation are therefore strategic decision-making activities rather than
merely operational functions. Such decisions ordinarily involve several quantitative and qualitative
criteria that may conflict with one another, making them appropriate applications of multi-criteria
decision-making methods (Amid et al., 2011; Ho et al., 2010). Conventional evaluation models, however,
may not adequately represent the ambiguity of expert judgments or the instability of market conditions.
Decision-makers frequently rely on incomplete information, linguistic assessments, and uncertain
predictions, particularly when evaluating emerging industries or supply chains exposed to economic
volatility.

Fuzzy-set theory provides an appropriate analytical framework for representing imprecise
judgments and converting linguistic assessments into computable values. Fuzzy multi-criteria models can
simultaneously incorporate qualitative evaluations, uncertain information, and differing levels of criterion
importance (Shaw et al., 2012). This capability is particularly relevant to supply chains in which financial,
operational, technological, and market conditions change over time. Fuzzy order-allocation models have
also demonstrated that criterion weights and supplier priorities should be adjusted according to market
conditions and planning horizons rather than treated as fixed or equally important parameters (Haleh &
Hamidi, 2011).

Previous research has identified numerous barriers to effective and sustainable supply chain
management. In the construction industry, managerial limitations, implementation problems, and
weaknesses in sustainable design have been recognized as important obstacles to green supply chain
development (Banihashemi et al., 2023). Studies of other specialized supply chains have highlighted
difficulties associated with demand—supply coordination, information technology limitations, material
management, and cross-functional collaboration (Akkerman et al., 2023). In the electronics sector,
inadequate managerial commitment, limited awareness, weak performance standards, and insufficient
sustainability capabilities have been identified as interconnected barriers that can prevent supply chain
transformation (Menon & Ravi, 2021).

Digitalization and innovation add another dimension to supply chain challenges. Traditional
organizational structures may resist digital transformation because new technologies require process
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redesign, employee training, information integration, and changes in established managerial practices
(Rodriguez et al., 2020). Technology can strengthen visibility, traceability, agility, and resilience, but its
effectiveness depends on organizational readiness and the willingness of managers and supply chain
partners to adopt new methods (Odimarha et al., 2024). Market-oriented communication and digital sales
capabilities can also improve competitive intelligence and adaptive selling, whereas weak customer
engagement and insufficient knowledge of market needs may restrict supply chain performance (Chen et
al., 2015; Itani et al., 2017).

Despite the extensive use of fuzzy multi-criteria decision-making techniques in supplier
evaluation, sustainable supply chains, construction management, and industrial logistics, the specific
challenges of UPVC window supply chain management have not been systematically identified and
prioritized. In particular, there is a need for a framework that first determines the relative importance of
the broad criteria used to evaluate these challenges and then ranks the operational challenges under
uncertainty. Accordingly, this study aimed to identify, screen, weight, and prioritize the principal
challenges of supply chain management in the UPVC window industry using an integrated fuzzy Step-
wise Weight Assessment Ratio Analysis and fuzzy Weighted Aggregated Sum Product Assessment
approach.

Materials and Methods

This applied study employed a quantitative, descriptive—analytical research design. Data were
collected through both documentary and field procedures. In the documentary phase, the theoretical
literature on supply chain management, industrial logistics, supplier management, technological barriers,
and sustainable supply chains was reviewed. An initial set of potential challenges was extracted and
subsequently adapted to the technical and structural characteristics of the UPVC window industry through
consultation with industry experts.

The expert population comprised specialists in the UPVC supply chain, senior managers of profile-
production lines, owners or managers of window-assembly workshops, and experienced professionals
familiar with procurement, production, distribution, and logistics processes. Because the research required
specialized industrial knowledge, purposive judgmental sampling was applied. Fifteen qualified experts
who possessed relevant experience and were willing to complete the evaluation instruments constituted
the final expert panel.

The research process consisted of three phases. First, the identified variables were screened and
classified into six overarching evaluation criteria and 20 operational supply chain challenges. Second, the
six criteria were weighted through fuzzy SWARA.. Experts arranged the criteria according to importance
and expressed their comparative judgments using fuzzy values. The relative importance coefficients,
recalculated coefficients, and fuzzy weights were then determined, after which the fuzzy results were
defuzzified through the center-of-area procedure.

Third, the 20 operational challenges were ranked using fuzzy WASPAS. A fuzzy decision matrix
was formed from the experts’ aggregated judgments, normalized, and multiplied by the weights obtained
from fuzzy SWARA. The weighted sum model and weighted product model values were calculated for
each challenge. The two components were integrated using an equal aggregation coefficient of 0.50 to
obtain the final WASPAS utility score. All calculations were performed in Microsoft Excel. Content



validity was assessed using the content validity ratio, while the internal consistency of the challenge
measures was evaluated using Cronbach’s alpha.

Findings

The fuzzy SWARA results showed that “resistance to change and adaptation to innovation” was
the most influential evaluation criterion, with a final defuzzified weight of 0.691922. The lack of an
integrated information system ranked second, with a weight of 0.498681, while financial constraints
ranked third, with a weight of 0.428121.

The absence of information technology implementation occupied the fourth position, with a weight
of 0.318125. Limited access to volunteer or available labor ranked fifth, with a weight of 0.170710, and
the absence of performance measures and sustainability standards ranked sixth, with a weight of 0.100150.
Thus, organizational adaptability, information integration, and financial capacity collectively represented
the dominant dimensions through which the operational challenges were evaluated.

The fuzzy WASPAS analysis identified lack of market demand as the highest-priority challenge,
with a final utility score of 9.283921. Inadequate strategic planning ranked second, with a score of
8.216761, followed by insufficient training, experience, and professional awareness, with a score of
7.153421. The absence of supportive governmental laws and regulations ranked fourth, with a score of
6.479734.

Insufficient customer awareness ranked fifth, with a utility score of 6.213402, while inadequate
human-resource quality ranked sixth, with a score of 6.113618. The absence of waste-reduction strategies
ranked seventh, with a score of 5.873852. Low supply chain integration ranked eighth, with a score of
5.431344; insufficient technical skills ranked ninth, with a score of 5.326077; and the adverse effects of
global developments and shocks ranked tenth, with a score of 5.240025.

The remaining challenges received lower priority scores. Cost-related considerations, market
competition and uncertainty, low operational efficiency, inadequate storage and material maintenance,
and the lack of readiness among some suppliers occupied the middle positions. Failures in
interorganizational information sharing, the absence of qualified designers, contractors, and planners,
limited supply chain transparency, inadequate coordination of transportation activities, and failure to
accept innovation were placed in the lower-ranking group.

The content validity ratios for all 20 challenges ranged from 0.726 to 0.893, exceeding the
specified acceptance level. Cronbach’s alpha coefficients ranged from 0.702 to 0.885, demonstrating
acceptable internal consistency for all evaluated challenges.

Discussion and Conclusion

The findings demonstrate that the UPVC window supply chain is affected by a combination of
market, managerial, technological, financial, human-resource, and institutional problems. However, these
challenges are not equally important. The high weight assigned to resistance to change and adaptation to
innovation indicates that managerial attitudes and organizational readiness constitute fundamental
conditions affecting the industry’s ability to improve its supply chain. Even when technologies or financial
resources are available, organizations may fail to benefit from them when managers and employees
continue to rely on traditional procurement, production, sales, and distribution practices.

The prioritization of lack of market demand indicates that supply chain improvement cannot be
limited to internal operational efficiency. The UPVC window industry is closely dependent on housing
construction, renovation activity, customer purchasing power, and awareness of the thermal, acoustic,
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environmental, and durability advantages of UPVC products. A contraction in construction activity or a
mismatch between product offerings and customer requirements can reduce sales throughout the chain,
increase inventories, weaken cash flow, and discourage investment in technology and workforce
development.

The second-place ranking of inadequate strategic planning confirms the need for systematic
demand forecasting, market segmentation, capacity planning, supplier development, and contingency
planning. Managers should establish integrated short-, medium-, and long-term plans rather than
responding reactively to price changes and supply disruptions. The high priorities assigned to professional
training, customer awareness, human-resource quality, and technical skills further show that supply chain
competitiveness depends on knowledge development across the entire network.

Government institutions can support this industry through stable technical standards, quality-
control regulations, financial incentives, energy-efficiency policies, and transparent rules governing
construction products. At the organizational level, managers should develop integrated information
systems, improve communication with suppliers and distributors, establish measurable performance
indicators, and implement waste-reduction programs. Greater collaboration among profile manufacturers,
assembly workshops, contractors, and customers can improve demand visibility and reduce operational
uncertainty.

Overall, the integrated fuzzy SWARA-WASPAS framework provided a structured mechanism for
converting expert judgments into defensible managerial priorities under uncertainty. The results suggest
that the first allocation of managerial resources should target market development and strategic planning,
followed by professional training, regulatory support, customer education, and human-resource
improvement. Addressing these priorities in an integrated manner can enhance supply chain resilience,
reduce operational risk, improve resource allocation, and strengthen the long-term competitiveness of the
UPVC window industry.
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