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Abstract

This study aims to develop and validate a comprehensive model for assessing and diagnosing environmental performance of textile
companies based on Industry 4.0 requirements and tools. This applied research follows an interpretive paradigm using a mixed qualitative—
quantitative approach. In the qualitative phase, systematic literature review and semi-structured expert interviews were conducted,
leading to extraction of evaluation components within seven dimensions. Content validity and reliability were confirmed through
triangulation. Subsequently, separate “assessment” and “diagnostic” questionnaires were designed and administered to a sample of managers
and senior experts in the textile industry. Confirmatory factor analysis indicated strong model fit and statistically significant loadings for
all dimensions and indicators. Inferential results further revealed that the environmental performance status of most surveyed firms was
below Industry 4.0 standards, with absence of effective governance mechanisms, regulatory frameworks, and enforcement structures
identified as the main sources of performance gaps. The proposed model provides an operational and reliable framework for monitoring,
benchmarking, and improving environmental performance in textile companies and offers valuable guidance for industrial managers,
policymakers, and regulatory institutions in advancing sustainable development.
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Extended Abstract

Introduction

Environmental sustainability has emerged as one of the most critical challenges confronting contemporary
industries, particularly those characterized by intensive resource consumption and environmental externalities.
Among these, the textile industry occupies a prominent position due to its substantial water usage, chemical
emissions, energy consumption, and waste generation, making it one of the most environmentally burdensome
manufacturing sectors globally. Recent research consistently identifies the textile industry as a focal point of
global environmental degradation, requiring urgent transformation in production systems, management
practices, and governance frameworks (Luo et al., 2023; Ozturk, 2022; Shen et al., 2017). Consequently,
enhancing environmental performance within textile firms has become both a strategic necessity and a moral
imperative (Desore & Narula, 2018; Roy et al., 2020).

The rapid diffusion of Industry 4.0 technologies has fundamentally altered the operational landscape of
manufacturing industries. Industry 4.0 integrates advanced digital technologies such as artificial intelligence,
big data analytics, Internet of Things, cyber-physical systems, cloud computing, and smart automation into
production and management processes, enabling unprecedented levels of efficiency, transparency, and
responsiveness. Scholars increasingly emphasize that digital transformation represents a critical enabler of
sustainable manufacturing and environmental performance improvement (Bharati, 2023a, 2023b; Yang et
al., 2023). Empirical evidence from textile and apparel sectors demonstrates that digitalization significantly
reduces resource consumption, optimizes energy use, improves waste management, and strengthens
environmental compliance mechanisms (Sun & Liu, 2023; Wang & Zhang, 2025; Yang et al., 2023; Yin &
Xu, 2025).

Despite these technological opportunities, many textile enterprises—particularly in developing economies—
remain unable to realize the full environmental benefits of Industry 4.0. Structural weaknesses such as
insufficient governance mechanisms, limited regulatory enforcement, fragmented environmental management
systems, and low organizational readiness continue to constrain sustainable transformation (Desore & Narula,
2018; Esmaeili Fard et al., 2017; Gbolarumi & Wong, 2022). Moreover, sustainability in textile production
is inherently multidimensional, encompassing environmental management accounting, knowledge
management, green supply chain integration, circular economy practices, and human resource systems
(Bresciani et al., 2023; Harsanto et al., 2023; Kalyar et al., 2020; Saccani et al., 2023). Therefore, effective
environmental performance improvement requires a comprehensive evaluation and diagnostic framework
capable of integrating technological, managerial, institutional, and human dimensions.

Prior studies have explored discrete aspects of environmental sustainability in textile firms, including
wastewater treatment optimization (Asadollah Fardi et al., 2014), green supply chain management (Tootian

et al., 2022), circular supply chain orchestration (Saccani et al., 2023), and environmental governance impacts



(Sepahvand et al., 2021). However, a critical gap persists regarding the development of an integrated corporate
assessment and pathology model specifically tailored to Industry 4.0 requirements in the textile sector.
Addressing this gap is essential for guiding firms through sustainable transformation and enabling
policymakers to design effective intervention strategies.

Methods and Materials

This study employed a mixed-methods research design combining qualitative exploration with quantitative
validation. In the qualitative phase, a systematic literature review was conducted to identify key dimensions
and indicators of environmental performance in the textile industry within the context of Industry 4.0.
Subsequently, semi-structured interviews were conducted with a panel of experts consisting of senior
managers, environmental specialists, production engineers, and policy advisors active in the textile sector.
Thematic analysis of interview data resulted in the extraction of a comprehensive set of environmental
performance dimensions and diagnostic indicators organized into a multidimensional conceptual framework.
In the quantitative phase, two structured instruments were developed: an environmental performance
assessment questionnaire and a corporate pathology diagnostic questionnaire. Content validity was established
through expert review, and reliability was verified using internal consistency measures. The survey instruments
were administered to a stratified sample of managers and technical experts working in textile companies. Data
were analyzed using confirmatory factor analysis, structural modeling, and inferential statistical techniques to
evaluate model fit, construct validity, and explanatory power.

Findings

Data analysis confirmed strong construct validity and statistical robustness of the proposed model. All
dimensions exhibited significant factor loadings, and overall model fit indices indicated excellent structural
adequacy. Inferential results demonstrated that the environmental performance of the sampled textile firms
remained substantially below optimal benchmarks associated with Industry 4.0 standards.

The most pronounced performance deficiencies were observed in energy management, water efficiency,
chemical waste control, and environmental monitoring systems. Additionally, diagnostic analysis revealed
systemic weaknesses in governance structures, regulatory enforcement mechanisms, environmental
accounting practices, and organizational learning systems. Firms with higher levels of digital technology
adoption and integrated environmental management systems displayed significantly superior environmental
performance outcomes. Statistical comparisons further indicated that companies exposed to stronger
institutional pressures and possessing higher levels of environmental orientation achieved more consistent
sustainability performance.

Discussion and Conclusion

The results of this study underscore the inherently systemic nature of environmental performance in the textile
industry. Environmental sustainability cannot be achieved through isolated technological interventions alone;

rather, it demands simultaneous transformation across technological, organizational, institutional, and human




subsystems. The validated assessment—diagnostic model provides a coherent analytical framework for
identifying performance gaps, diagnosing root causes, and guiding strategic interventions.

The findings reveal that digital transformation functions as a powerful accelerator of environmental
improvement only when embedded within supportive governance structures, effective knowledge systems, and
robust managerial capabilities. Moreover, the study highlights the pivotal role of institutional context in
shaping corporate environmental behavior, confirming that regulatory strength and policy coherence
significantly influence sustainability outcomes.

In conclusion, the proposed model offers both theoretical and practical contributions by integrating Industry
4.0 principles with environmental performance evaluation and corporate pathology analysis. It provides
decision-makers with a systematic tool for continuous environmental monitoring, strategic planning, and
sustainable transformation in the textile industry. Through coordinated efforts by corporate leaders,
policymakers, and regulatory institutions, the model can facilitate the transition of textile enterprises toward

resilient, competitive, and environmentally responsible production systems.
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