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This study aimed to design and propose a comprehensive model for applying
blockchain technology to enhance financial sustainability within the automotive parts
manufacturing supply chain. This applied, developmental research used a mixed-
methods approach. In the qualitative phase, semi-structured interviews were conducted
with ten senior managers and experts from ten major automotive parts manufacturing
companies, and data were analyzed using grounded theory coding. In the quantitative
phase, the identified variables were validated and refined through a fuzzy Delphi
technique and pairwise comparison questionnaires distributed among 214 senior,
financial, IT, and supply chain managers from 150 companies. Interpretive Structural
Modeling (ISM) and MICMAC analysis were employed to determine hierarchical
relationships and driving—dependence power among components. The fuzzy Delphi
analysis identified ten key components for implementing blockchain in financially
supply chains, “Legal and Regulatory Framework,”
“Standardization,” “Technology and Infrastructure Management,” “Policy Making,”
“Blockchain Information Management,” “Centralized Business Model,” “Supply

sustainable including

Chain Integration,” “Financial Flexibility,” “Financial System Development,” and
“Achieving Sustainable Goals.” ISM revealed a seven-level hierarchical structure, with
“Legal and Regulatory Framework” and “Standardization” as foundational
independent drivers, while “Financial System Development” and “Achieving
Sustainable Goals” were dependent outcomes at the top. Strengthening the legal and
regulatory foundation and establishing industry-wide standards are prerequisites for
successful blockchain adoption in financially sustainable supply chains.
Organizational policies and technology management should subsequently evolve to
improve transparency, trust, and risk reduction, ultimately enabling sustainable
financial systems and environmental goals in the automotive parts industry.
Keywords: Supply chain sustainability;, Blockchain technology,; Financial supply chain;
Interpretive structural modeling (ISM),; Automotive parts industry
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Extended Abstract

Introduction

Global supply chains have become increasingly intricate, interdependent, and vulnerable to a
variety of risks, ranging from financial instability to environmental disruptions (Bal & Pawlicka, 2021;
Sarkis & Zhu, 2018). The automotive parts manufacturing industry exemplifies this complexity due to its
multi-tier supplier networks, high capital requirements, and pressure to maintain cost efficiency while
simultaneously meeting sustainability objectives (Hasani et al., 2019; Tawfeeq Saleh Al-Sammarraie & Fathi,
2025). In recent years, blockchain technology has emerged as a potential transformative solution to
improve transparency, traceability, and trust within supply chains (Behnke & Janssen, 2020; Treiblmaier,
2019). By leveraging a distributed ledger, blockchain enables secure, immutable, and real-time sharing of
information, thus addressing persistent inefficiencies and information asymmetries (Alazab et al., 2021;
Chen et al., 2020).

In the domain of supply chain finance, where timely information and trust are crucial for securing
credit and sustaining liquidity, blockchain promises to streamline financial flows and reduce risk exposure
(Choi, 2020; Guo et al., 2024). Several studies have documented how blockchain-enabled financial systems
can reduce transaction costs, increase working capital efficiency, and promote sustainable financial
practices (Asante Boakye et al., 2025; Negi, 2024). Yet, despite its potential, blockchain adoption faces
numerous barriers, including the absence of regulatory frameworks, lack of standardization, and
organizational resistance to technological change (Kumar Singh et al., 2023; Oztirk & Yildizbasi, 2020;
Sciarelli et al., 2021). This is especially challenging in the automotive industry, where the scale of
transactions, diversity of stakeholders, and the necessity for regulatory compliance create a demanding
environment for implementing emerging technologies (Fang et al., 2025; Wu et al., 2021).

Prior research has mostly concentrated on partial aspects of blockchain application or has been
restricted to conceptual frameworks without comprehensive empirical validation (Modiri et al., 2017; Safaie
Ghadikalai & Vedadi, 2015). There is a recognized gap in holistic models that integrate key enablers,
barriers, and outcomes to guide managers and policymakers through blockchain deployment in financially
sustainable supply chains (Cao et al., 2023; Pourabrahimi et al., 2022). Furthermore, the integration of
sustainability considerations, such as environmental performance and responsible financing, remains
underexplored in the context of automotive supply chains (Hofmann & Sertori, 2020; Kim & Shin, 2019;
Parung, 2019). To address this gap, the present study aimed to design and clarify a comprehensive model
for blockchain technology adoption tailored to the sustainable supply chain finance of the automotive parts
manufacturing sector. By combining expert insights with rigorous analytical tools, this research provides
actionable guidelines to enhance both financial resilience and sustainability performance.

Methods and Materials

This study adopted an applied mixed-methods research design to ensure both conceptual depth and
empirical validation. The qualitative phase involved extensive library research and semi-structured
interviews with ten experts and senior managers from leading automotive parts manufacturing companies.
These participants were selected using purposive and snowball sampling until theoretical saturation was
achieved. The qualitative data were analyzed using grounded theory coding to identify and define the key
components and relationships relevant to blockchain adoption in financially sustainable supply chains.

Subsequently, the quantitative phase focused on validating and refining the conceptual model
derived from the qualitative findings. The fuzzy Delphi technique was applied to reach consensus among
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a panel of eleven experts on the importance and feasibility of the identified components. Pairwise
comparison questionnaires were then distributed among 214 managers, including senior executives,
financial officers, IT specialists, and supply chain managers from 150 automotive parts companies,
selected through stratified random sampling based on Cochran’s formula. To map the interrelationships
and driving—dependence power of the variables, Interpretive Structural Modeling (ISM) was employed,
followed by MICMAC (Matrice d’Impacts Croisés Multiplication Appliquée a un Classement) analysis
to classify the factors into driving and dependent clusters. This methodological combination provided a
robust structure for designing a practically applicable blockchain adoption model.

Findings

The qualitative analysis and subsequent fuzzy Delphi process identified thirteen key components
essential for implementing blockchain in financially sustainable automotive supply chains. These
components included legal and regulatory framework, standardization, technology and infrastructure
management, policy making, blockchain information management, centralized business model, supply
chain integration, financial flexibility, financial system development, and achieving sustainable goals,
among others. The Delphi results confirmed the relevance and priority of these factors, enabling their
systematic arrangement for further modeling.

The ISM results revealed a seven-level hierarchical model. At the foundational level, the legal and
regulatory framework and standardization emerged as the most influential independent drivers, forming
the essential infrastructure for successful blockchain implementation. Intermediate levels consisted of
policy making and technology and infrastructure management, which bridge the structural prerequisites
and operational execution. Higher levels incorporated supply chain integration and financial system
development as outcomes of the lower-level drivers. At the top of the hierarchy, achieving sustainable
goals stood as the ultimate dependent result, reflecting the system-wide impact of blockchain adoption.

MICMAC analysis further supported these findings by classifying legal and regulatory framework
and standardization as high-driving, low-dependent variables, while financial system development and
achieving sustainable goals were found to be highly dependent with limited driving power. Other
components, such as policy making and technology management, exhibited intermediate influence,
serving as key enablers that connect structural readiness with sustainability performance.

These findings collectively underline the sequential and systemic nature of blockchain adoption:
establishing a strong regulatory and technical base first, followed by organizational alignment and
technological integration, ultimately leading to improved financial sustainability and environmental
accountability across the supply chain.

Discussion and Conclusion

The findings of this study reinforce the notion that blockchain adoption in financially sustainable
supply chains is a staged and interdependent process. By identifying legal and regulatory frameworks and
standardization as foundational enablers, the research validates earlier studies highlighting the criticality
of regulatory clarity and uniform technical standards for technology uptake (Chen et al., 2020; Sciarelli et
al., 2021). The emphasis on robust infrastructure and proactive policy making aligns with literature
suggesting that organizational preparedness and investment in digital systems are prerequisites for
blockchain success (Fang et al., 2025; Wu et al., 2021). The hierarchical structuring of these factors provides
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managers with a practical roadmap, clarifying the order of interventions required to reduce risk and
enhance the likelihood of successful blockchain integration.

Importantly, this study bridges the gap between theory and practice by integrating sustainability
considerations into a technology adoption model tailored to the automotive parts industry. While previous
works have examined blockchain’s role in transparency and cost reduction (Choi, 2020; Guo et al., 2024),
this research expands the focus to include environmental and social responsibility goals (Tawfeeq Saleh
Al-Sammarraie & Fathi, 2025; Treiblmaier, 2019). In doing so, it advances the discussion from mere
technology acceptance to sustainable financial performance and long-term value creation. Additionally,
the integration of ISM and MICMAC methodologies enhances the analytical rigor and provides actionable
insights beyond descriptive models frequently found in the literature (Bolanos et al., 2005; Kerr & Nanda,
2015).

For industry practitioners, the results underscore that blockchain’s value proposition extends
beyond digitalization and cost reduction. When strategically implemented, it can serve as a driver of trust,
risk mitigation, and responsible financing, which are vital in an industry characterized by complex supplier
networks and volatile market conditions. Policymakers can also draw on the findings to craft supportive
regulatory frameworks and standards that accelerate blockchain diffusion while safeguarding stakeholder
interests.

In conclusion, this research contributes to both scholarship and practice by offering a validated,
multi-level model that captures the essential enablers and outcomes of blockchain adoption in financially
sustainable supply chains. It demonstrates that successful integration requires an orchestrated approach
beginning with structural readiness, moving through organizational and technological alignment, and
culminating in measurable financial and sustainability performance. This comprehensive perspective not
only fills a critical gap in the existing literature but also provides a practical blueprint for industry leaders
seeking to navigate the complexities of blockchain-enabled transformation in the automotive parts sector.
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