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Foreword

In a world where global supply chains underpin the modern economy, ensuring their transparency, efficiency, and resilience is more critical than ever. Supply chains today face unprecedented challenges, ranging from the complexities of globalization to the heightened need for ethical sourcing and environmental sustainability. Amidst these challenges, emerging technologies such as explainable artificial intelligence (XAI) and blockchain have demonstrated immense potential to transform supply chain management by addressing issues of trust, traceability, and operational optimization. This book, Explainable AI and Blockchain for Secure and Agile Supply Chains: Enhancing Transparency, Traceability, and Accountability, offers a pioneering examination of how these technologies can revolutionize supply chain practices.

The integration of XAI and blockchain is not just an academic concept but a practical solution to real-world problems. XAI addresses the “black box” problem in AI, providing insights into AI-driven decision-making processes, fostering trust among stakeholders, and ensuring that decisions are not only data-driven but also transparent and justifiable. Meanwhile, blockchain technology introduces unparalleled data security and traceability through its decentralized ledger system, making it an invaluable tool for enhancing accountability in supply chain transactions. Together, these technologies create a synergistic ecosystem that enables secure, agile, and sustainable supply chains capable of meeting the demands of a dynamic global market.

This book is a timely and essential resource for scholars, practitioners, and policymakers alike. Its chapters delve deeply into the theoretical and practical implications of integrating XAI and blockchain into supply chain systems. By combining cutting-edge research with case studies from various industries, the authors provide readers with actionable insights and a comprehensive understanding of how these technologies can be effectively applied. From Walmart’s food traceability system to the Indian corporate sector’s efforts in sustainable supply chain practices, the examples presented highlight the tangible benefits of these innovations, demonstrating their versatility and impact across different contexts.

A standout feature of this book is its focus on sustainability and ethical practices. As supply chains increasingly come under scrutiny for their environmental impact, the need for technologies that promote responsible operations has become urgent. By enabling precise tracking of resources and improving decision-making processes, XAI and blockchain pave the way for greener supply chains. This book not only discusses the role of these technologies in meeting environmental, social, and governance (ESG) goals but also explores the regulatory and organizational challenges associated with their implementation, offering strategies for overcoming these hurdles.

The authors also emphasize the human element in the adoption of these technologies. Beyond the technical frameworks, successful integration of XAI and blockchain depends on collaboration among stakeholders, including supply chain participants, technology providers, and regulatory bodies. By addressing the social and ethical dimensions of these technologies, this book ensures a balanced perspective that is as much about fostering human trust and collaboration as it is about technological advancement. The chapters further extend into emerging trends and future possibilities. Discussions on federated learning, quantum artificial intelligence (AI), and the convergence of blockchain with Internet of Things (IoT) and 6G networks provide a glimpse into the next frontier of supply chain management. These advancements promise to enhance real-time data sharing, predictive analytics, and operational agility, creating systems that are not only robust but also adaptable to the rapidly changing needs of the global economy.

Moreover, this book does not shy away from the challenges inherent in deploying these transformative technologies. Scalability, data standardization, interoperability, and regulatory compliance are addressed with depth and clarity. The authors present well-founded solutions and forward-looking recommendations to mitigate these challenges, making this volume an indispensable guide for navigating the complexities of technology adoption in supply chains. At its core, Explainable AI and Blockchain for Secure and Agile Supply Chains serves as both a visionary and practical guide. It bridges the gap between theoretical innovation and practical application, ensuring that readers gain a holistic understanding of how to leverage XAI and blockchain to achieve operational excellence. This book’s interdisciplinary approach brings together insights from supply chain management, technology, economics, and ethics, reflecting the multifaceted nature of these challenges and solutions.

This work is not just a reflection of the current state of supply chain innovation but a roadmap for the future. As businesses and governments grapple with the need to create resilient, transparent, and sustainable supply chains, this book provides the tools, frameworks, and inspiration to drive meaningful change. It is a call to action for leveraging the transformative power of technology to build systems that are not only efficient but also equitable and environmentally responsible. I commend the editors and authors for their rigorous scholarship and forward-thinking approach. This book stands as a testament to the potential of XAI and blockchain to reshape the landscape of supply chain management. For anyone seeking to understand or contribute to this evolving field, this book is an essential and enlightening resource. It invites readers to imagine—and create—a future where technology and human ingenuity come together to solve the pressing challenges of our time.

Behrouz Aslani

University of La Verne, La Verne,

California, USA




Preface

Supply chain management is undergoing a transformative shift, fueled by advancements in technology that promise to redefine transparency, efficiency, and accountability. The convergence of explainable artificial intelligence (XAI) and blockchain technology offers unprecedented opportunities to address the complex challenges faced by modern supply chains. This book is a comprehensive exploration of these technologies, offering insights into their applications, synergies, and potential to change global supply chains. The opening chapters provide a foundation for understanding the individual and combined contributions of XAI and blockchain. The integration of these technologies addresses critical challenges, such as the “black box” problem of AI and the inefficiencies of traditional supply chain systems. By offering interpretability and decentralized security, XAI and blockchain pave the way for more transparent and accountable operations. These chapters set the stage by analyzing emerging trends, real-world applications, and the inherent challenges of adopting these technologies at scale.

As the narrative unfolds, this book examines the evolution and necessity of XAI in supply chain management, highlighting its role in enhancing trust and usability. Case studies illustrate how XAI techniques like LIME and SHAP bring clarity to complex AI-driven decisions, enabling stakeholders to understand and trust the processes that guide their operations. Similarly, blockchain’s immutable ledgers are explored as a solution to longstanding issues like data inconsistencies, fraud, and the lack of real-time visibility. A central theme of this work is the synergistic potential of XAI and blockchain. Through detailed analyses and practical examples, this book demonstrates how these technologies work together to enhance supply chain operations. From improving environmental sustainability and ethical sourcing to mitigating cybersecurity risks, the combined application of XAI and blockchain offers a blueprint for addressing contemporary challenges. Chapters dedicated to green supply chain management (GSCM) emphasize the role of these technologies in aligning with environmental, social, and governance (ESG) principles, showcasing their importance in creating sustainable and responsible supply chains.

This book also examines human-centric approaches and the critical role of stakeholders in successfully implementing these technologies. By exploring challenges such as scalability, interoperability, and regulatory compliance, the chapters provide actionable strategies to overcome obstacles and unlock the full potential of XAI and blockchain. Quantitative studies, including those conducted in diverse contexts such as India, further enrich the narrative by offering localized insights and emphasizing the global applicability of these technologies. The closing chapters take a forward-looking perspective, discussing emerging trends like federated learning, quantum AI, and the integration of IoT and 6G networks. These advancements are poised to further enhance supply chain efficiency and resilience. Practical opportunities, such as combating counterfeiting and achieving compliance, are paired with strategic roadmaps for policy development and innovation. This book culminates with a vision for a future where supply chains are not only efficient and agile but also ethical and sustainable, powered by the seamless integration of XAI and blockchain.

The convergence of XAI and blockchain technology is not merely a technical innovation; it represents a paradigm shift in how supply chains operate and evolve. In an era where global markets are defined by their complexity and interdependence, transparency and accountability are paramount. This book emphasizes the importance of these values, exploring how the synergistic application of XAI and blockchain can provide the clarity and integrity required to address the multifaceted challenges of modern supply chains. By combining the interpretability of XAI with the immutable and decentralized nature of blockchain, this work reveals how organizations can transcend traditional operational limitations to achieve a more sustainable and secure future.

This book also addresses a critical gap in the existing literature: the integration of XAI and blockchain not only as individual technologies but as complementary tools that enhance one another’s strengths. While XAI enables users to understand the rationale behind AI decisions, blockchain ensures the reliability and security of the data that drive these decisions. This dual perspective is particularly significant in industries where trust, precision, and accountability are essential, such as healthcare, retail, and manufacturing. Through real-world case studies, this book showcases successful applications, including Walmart’s food traceability system and Maersk’s TradeLens platform, illustrating the transformative potential of these technologies.

An equally important theme explored in this book is the role of human stakeholders in the adoption and optimization of XAI and blockchain technologies. Technology, no matter how advanced, is only as effective as the people who use it. By focusing on human-centric approaches, this book underscores the need for collaboration among supply chain participants, technology providers, regulators, and policymakers. It provides frameworks for aligning technological innovations with organizational goals, fostering a culture of trust, and ensuring ethical standards are upheld. The emphasis on the human dimension bridges the technical and strategic aspects of supply chain transformation, making this work relevant not only to technologists but also to business leaders and decision-makers.

The sustainability angle of this book adds further depth, addressing the urgent need for greener supply chains in the face of climate change and resource scarcity. Blockchain and XAI, when implemented thoughtfully, can drive significant progress in environmental sustainability. From reducing waste to optimizing resource use and meeting ESG goals, these technologies present innovative solutions for companies striving to balance profitability with environmental responsibility. The inclusion of specific examples and practices from diverse markets, such as the Indian corporate sector, enriches the narrative by providing culturally and contextually relevant insights into the application of these technologies.

This book acknowledges the challenges that come with such transformative technologies. Issues of scalability, interoperability, data privacy, and regulatory compliance are not ignored but rather tackled head-on. By offering strategic solutions and highlighting areas for future research, this work equips readers with the tools and knowledge needed to navigate these hurdles effectively. It is this combination of visionary insights and practical strategies that makes this book an invaluable resource for academics, practitioners, and policymakers alike. As supply chains continue to evolve in response to global demands, this book serves as a guide for harnessing the full potential of XAI and blockchain, paving the way for a future of resilient, transparent, and sustainable supply chain ecosystems.

This book is a testament to the transformative potential of technology in reshaping industries. It is intended for researchers, practitioners, and policymakers who are eager to understand and harness the power of XAI and blockchain. By combining theoretical insights with practical applications, this work provides a comprehensive guide to navigating the complexities of modern supply chains. We hope that this book serves as both an inspiration and a roadmap for building resilient and transparent supply chain ecosystems in the years to come.

Ajay Kumar Sharma, Narasimha Rao Vajjhala, Rakshit Kothari, and Rajasekhara Mouly Potluri





1 Introduction to Explainable AI (XAI) and Blockchain Secure and Agile Supply Chains

Narasimha Rao Vajjhala, Mathias Fonkam, and Philip Eappen

DOI: 10.1201/9781003497363-1


Foundations of XAI and Blockchain

The widespread adoption of artificial intelligence (AI) has brought about unprecedented opportunities to automate processes, improve decision-making, and derive actionable insights from complex datasets (Eboigbe et al., 2023; Munagandla et al., 2022). However, as AI systems become more integral to critical sectors, including supply chain management, the demand for transparency in their operations has grown significantly. Traditional AI models, particularly those relying on deep learning and other complex architectures, often function as “black boxes,” where their decision-making processes are difficult, if not impossible, for humans to interpret (Carabantes, 2020; Guidotti et al., 2018; Hassija et al., 2024). This lack of transparency can lead to mistrust among users and stakeholders, especially when AI-driven decisions significantly impact businesses, regulations, or customer experiences.

Explainable AI (XAI) emerged as a solution to address these concerns by enabling AI systems to articulate the rationale behind their outputs in ways that are understandable to human users (Adadi & Berrada, 2018; Dwivedi et al., 2023). Transparency in AI is not just about satisfying curiosity; it is about ensuring accountability, mitigating biases, and fostering trust in automated systems. For instance, in supply chains, where AI might predict demand trends or optimize delivery routes, the ability to explain how decisions were made can help businesses understand and refine their strategies, avoid errors, and ensure regulatory compliance. Explainability becomes crucial when dealing with sensitive issues such as ethical sourcing or consumer data privacy, where decisions must be auditable and justifiable. The key characteristics of XAI—interpretability, transparency, and accountability—define its transformative potential (Arrieta et al., 2020; Pillai, 2024). Interpretability refers to the ability of human stakeholders to understand the outputs of an AI model. This can involve presenting simplified visualizations, intuitive explanations, or even human-like reasoning that makes complex decision processes accessible. Transparency goes a step further by revealing the underlying logic or data relationships used by the AI system. It ensures that the inner workings of the AI are not concealed, enabling users to assess the reliability and fairness of the outcomes. Accountability, the third pillar of XAI, ensures that AI decisions are verifiable, with clear records of the processes involved. This is critical in supply chains, where decisions often have legal, ethical, and financial implications. Explainability also enhances collaborative decision-making between humans and AI (Endsley, 2023). In traditional supply chains, where multiple stakeholders must work together, having a clear understanding of AI-driven insights can facilitate consensus and coordinated action. Moreover, XAI allows businesses to identify and rectify biases in their AI systems. By exposing patterns and decision pathways, XAI can help organizations ensure fairness and inclusivity, avoiding outcomes that could inadvertently favor one group over another. As a result, XAI not only demystifies AI systems but also strengthens their utility in diverse and complex applications, such as managing global supply chains.

Blockchain technology has gained significant traction as a transformative tool for enhancing transparency, security, and efficiency in digital ecosystems (Sanyaolu et al., 2024; Wang et al., 2024). While initially developed to underpin cryptocurrencies like Bitcoin, blockchain has demonstrated remarkable versatility, particularly in fields such as supply chain management. At its core, blockchain is a distributed ledger technology that allows data to be stored across multiple nodes in a decentralized network. This decentralized nature eliminates the need for central authority, reducing risks associated with single points of failure and tampering. Instead of relying on trust in a central party, blockchain ensures data integrity through consensus mechanisms, making it highly secure and resilient. One of the defining features of blockchain is its immutability (Politou et al., 2019). Once a transaction or data entry is recorded on the blockchain, it cannot be altered without consensus from the network participants. This immutability is critical in supply chains, where tampering with records can lead to fraud or inefficiencies. For instance, blockchain can be used to track the provenance of goods, ensuring that products meet specific quality or ethical standards. Immutability also supports regulatory compliance by providing an auditable trail of all transactions, making it easier to demonstrate adherence to industry or governmental standards.

Smart contracts, another key feature of blockchain technology, further enhance its relevance to supply chains (Chang et al., 2019; De Giovanni, 2020). These are self-executing contracts with predefined rules encoded directly into the blockchain. Smart contracts automatically trigger specific actions when the agreed-upon conditions are met, such as releasing payments when goods are delivered or verifying compliance with specific certifications. By automating these processes, smart contracts reduce the need for intermediaries, minimize disputes, and improve operational efficiency. Blockchain’s applications in supply chain management are vast. One of the most impactful uses is in provenance tracking, where blockchain enables real-time monitoring of goods as they move through the supply chain (Al-Rakhami & Al-Mashari, 2021). Each transaction is recorded on the blockchain, creating a transparent and verifiable history of the product’s journey. This is especially valuable in industries like food and pharmaceuticals, where traceability is critical for safety and regulatory compliance. Another significant application is in inventory management. Blockchain allows for seamless sharing of data among suppliers, manufacturers, and distributors, ensuring better coordination and reducing delays caused by information silos (Wang et al., 2024; Zhang et al., 2024). Additionally, blockchain facilitates secure and efficient payment and settlement processes through smart contracts, eliminating the need for time-consuming manual reconciliations. Blockchain also promotes sustainability in supply chains by verifying environmental and ethical claims. Companies can use blockchain to certify that their products meet specific sustainability criteria, such as using renewable materials or adhering to fair labor practices. These verified claims can then be shared with consumers, promoting trust and supporting brand reputation. By integrating blockchain technology, supply chains can achieve greater transparency, security, and efficiency, addressing many of the challenges that traditional systems face.


Challenges in Traditional Supply Chains

Traditional supply chains, despite their critical role in global commerce, are often fraught with inefficiencies, fraud, and trust issues (Afrin & Pathak, n.d.; Selvaprabhu, 2023). These challenges arise from the inherent complexity of supply chains, which involve multiple stakeholders, diverse systems, and geographically dispersed operations. As supply chains grow in scale and complexity, the limitations of traditional systems become increasingly evident, necessitating the adoption of innovative technologies like XAI and blockchain (Chen et al., 2023; Demertzis et al., 2023). One of the most significant challenges in traditional supply chains is the prevalence of information silos. Stakeholders in the supply chain, such as suppliers, manufacturers, and distributors, often use disparate systems to manage their operations. These systems are rarely integrated, leading to fragmented data and poor communication between parties. Information silos make it difficult to achieve real-time visibility across the supply chain, resulting in delays, inefficiencies, and errors. For example, a lack of coordination between suppliers and manufacturers can lead to overproduction or stockouts, disrupting the supply chain and increasing costs. Additionally, the inability to access accurate and timely information can hinder decision-making, reducing the overall agility of the supply chain.

Fraud and counterfeiting pose another significant challenge (Stevenson & Busby, 2015). In industries like luxury goods, pharmaceuticals, and electronics, counterfeit products are a persistent problem. Traditional supply chain systems often lack the traceability needed to verify the authenticity of goods, making it easier for fraudulent products to enter the market (Costa et al., 2013). This not only impacts consumer trust but also exposes companies to legal and financial risks. Moreover, fraudulent practices such as invoice manipulation or misrepresentation of goods can lead to financial losses and damage relationships among supply chain partners. Operational inefficiencies further exacerbate the challenges in traditional supply chains. Manual processes, such as paper-based documentation and record-keeping, are time-consuming and prone to errors. These inefficiencies slow down operations, increase costs, and reduce the supply chain’s ability to respond to dynamic market demands. For example, delays in customs clearance due to incomplete or inaccurate documentation can disrupt the timely delivery of goods, impacting customer satisfaction and revenue.


Convergence of XAI and Blockchain in Supply Chains

Both technologies, though distinct in their primary functions, complement each other in ways that amplify their individual strengths, offering transformative solutions to the complexities of global supply chain management. The synergy between XAI and blockchain enables transparency, improves decision-making, and ensures robust security and stakeholder trust—qualities that are increasingly critical in modern supply chains (Soundararajan & Shenbagaraman, 2024). The intersection of XAI and blockchain lies in their shared emphasis on transparency and accountability, both of which are essential for effective supply chain management (Jayanthi et al., 2024). Blockchain provides a secure, immutable ledger where every transaction is recorded and accessible to authorized parties. However, while blockchain ensures the authenticity of data, it lacks the analytical capabilities needed to derive actionable insights from complex datasets. This is where XAI becomes instrumental. By applying interpretable algorithms to blockchain data, XAI helps stakeholders understand the patterns, trends, and anomalies within the supply chain, providing clarity on the reasons behind AI-driven recommendations.

Transparency is a key outcome of this convergence. In traditional AI systems, opaque decision-making often leaves stakeholders questioning the validity and reliability of outcomes (Shneiderman, 2020). XAI addresses this by offering explanations that align with the secure and verifiable data stored on a blockchain (Demertzis et al., 2023; Jayanthi et al., 2024). For instance, in a scenario where blockchain records trace the movement of raw materials, XAI can analyze this data to highlight inefficiencies or predict potential disruptions. Moreover, the transparency offered by XAI ensures that stakeholders understand why specific actions, such as rerouting shipments or altering inventory levels, are recommended, fostering confidence in AI-driven decisions. The combination of XAI and blockchain also enhances security and efficiency within supply chains. Blockchain’s decentralized architecture inherently resists tampering, ensuring the integrity of data, while XAI helps detect and mitigate risks by analyzing this data in real time. For example, XAI can identify patterns indicative of fraudulent activities, such as inconsistencies in shipment records, while blockchain guarantees that these records are unaltered. This dual-layered security minimizes vulnerabilities, streamlines processes, and reduces the time and resources spent on verifying transactions or investigating discrepancies. The real-world applications of XAI and blockchain integration in supply chains are numerous, spanning industries such as food safety, ethical sourcing, and predictive maintenance. These applications demonstrate the practical value of combining the interpretability of XAI with the transparency and security of blockchain technology.

Predictive maintenance is another critical area where XAI and blockchain integration proves valuable (Nassar et al., 2020; Soundararajan & Shenbagaraman, 2024). Manufacturing supply chains rely heavily on machinery and equipment, where unexpected breakdowns can disrupt operations and lead to significant financial losses. Blockchain can maintain a secure and comprehensive record of equipment maintenance and performance data. XAI can then analyze this data to predict potential failures and recommend maintenance schedules. For example, by examining patterns in machine performance metrics, XAI can identify subtle signs of wear and tear, enabling preemptive repairs. The immutable nature of blockchain ensures that these predictions and actions are traceable, enhancing accountability and reducing downtime. Traceability is a cornerstone of effective supply chain management, particularly in industries where product authenticity and quality are paramount. Blockchain provides an immutable record of a product’s journey through the supply chain, ensuring that every transaction is verifiable. When combined with XAI, this traceability extends beyond simple documentation to include actionable insights. For instance, XAI can identify inefficiencies in the supply chain, such as bottlenecks in distribution or excessive handling of goods, and recommend solutions to optimize processes. This level of traceability not only enhances compliance with regulatory standards but also builds consumer confidence, particularly in sectors like pharmaceuticals and luxury goods where authenticity is critical. Operational efficiency is another key benefit of XAI and blockchain integration. Traditional supply chains often suffer from inefficiencies caused by manual processes, redundant paperwork, and miscommunication among stakeholders. Blockchain streamlines these processes by creating a unified, secure, and transparent ledger, while XAI automates decision-making and provides real-time insights. For example, in inventory management, blockchain can record stock levels and movement, while XAI analyzes this data to predict demand and recommend optimal inventory levels. This reduces waste, minimizes stockouts, and ensures that supply chains operate with agility and precision.

Sustainability is an increasingly important consideration for modern supply chains, driven by consumer demand and regulatory pressures (Chen et al., 2023; Shafiq et al., 2020). Blockchain technology allows companies to verify and showcase their sustainability efforts, such as the use of renewable materials or adherence to ethical labor practices. XAI enhances these efforts by analyzing blockchain data to identify areas for improvement and track progress over time. For example, XAI can assess the environmental impact of transportation routes and recommend alternatives that reduce carbon emissions. This integration not only helps companies achieve their sustainability goals but also strengthens their reputation and competitiveness in the market. The convergence of XAI and blockchain is revolutionizing supply chain management by addressing critical challenges and unlocking new opportunities for transparency, security, and efficiency. Together, these technologies enable supply chains to operate with greater agility, resilience, and accountability, setting the stage for a more sustainable and trustworthy global economy. As businesses increasingly adopt this powerful combination, they will be better equipped to navigate the complexities of modern supply chains and deliver value to their stakeholders.


Overview of the Book

This book explores the convergence of two transformative technologies—XAI and blockchain—and their profound impact on the evolution of supply chain systems. Through a series of in-depth chapters, the chapters in this book highlight the pressing challenges of modern supply chains, including transparency deficits, inefficiencies, and increasing demands for ethical and sustainable practices. The chapters in this book examine how XAI enhances the interpretability of complex AI models, making decision-making processes more transparent and accountable, while blockchain provides a decentralized, immutable ledger for secure data sharing and operational traceability. Together, these technologies redefine supply chain management by fostering trust, streamlining processes, and achieving unparalleled operational efficiency. Case studies, empirical research, and theoretical insights emphasize the practicality of integrating XAI and blockchain in various sectors, including retail, manufacturing, and green supply chain management. As the global supply chain landscape grows increasingly complex, this book serves as an essential resource for researchers, policymakers, and industry professionals seeking innovative strategies to harness the power of these technologies for building resilient, sustainable, and adaptive supply networks.

In Chapter 2, “Evolution, Need, and Application of Explainable AI in Supply Chain Management,” Nidhi Arora and Yash Gajjar explore the transformative role of XAI in modern supply chains. The chapter begins by discussing the evolution of AI and its growing adoption in supply chain management (SCM), emphasizing the pressing need for interpretability and transparency in AI-driven decision-making. XAI emerges as a critical tool, providing insights into the reasoning behind AI outputs, which enhances trust, usability, and fairness in the deployment of these technologies. The authors detail how XAI addresses challenges posed by the black-box nature of traditional AI systems, particularly in the context of SCM. By integrating techniques such as Local Interpretable Model-agnostic Explanations (LIME) and SHapley Additive exPlanations (SHAP), XAI provides stakeholders with clear explanations of AI outputs, improving decision-making processes and fostering accountability. The chapter includes a use case focused on predicting order delivery times in SCM, utilizing machine learning algorithms like random forests. Through XAI methods, stakeholders gain actionable insights into feature importance and model behavior, ensuring more transparent and reliable operations. This chapter highlights the broader implications of XAI for SCM, including its potential to enhance transparency, efficiency, and sustainability. The authors emphasize the importance of bridging gaps in existing AI applications in SCM through XAI, promoting responsible AI adoption, and addressing critical issues such as bias and fairness. By presenting a comprehensive analysis of XAI’s role, challenges, and future directions, this chapter offers valuable insights for researchers, practitioners, and decision-makers seeking to harness the power of AI in supply chain management.

In Chapter 3, “A Structural Treatise on the Effects of Explainable AI and Big Data Technologies on Supply Chain Management,” Venkata Naga Siva Kumar Challa, Kiran Kumar Thodeti, Shaikh Mahaboob Syed, and PSV Padmalatha provide an in-depth exploration of how the integration of XAI and big data analytics is transforming supply chain operations. This chapter emphasizes the critical role of transparency, accountability, and real-time data insights in optimizing supply chains, focusing on areas such as demand forecasting, inventory management, and logistics. The authors argue that XAI enhances decision-making by providing clear, interpretable explanations for AI outputs, which fosters trust among stakeholders and improves operational efficiency. The chapter also examines the contributions of big data analytics in streamlining supply chain management, particularly in addressing challenges like fluctuating demand, environmental sustainability, and resource optimization. By integrating advanced technologies, such as federated learning and reinforcement learning, the authors illustrate how businesses can manage complex data flows across multiple supply chain levels while maintaining efficiency and accuracy. Additionally, the chapter explores the impact of these technologies on green supply chain management (GSCM), showcasing how data-driven insights contribute to environmental sustainability through better resource utilization and compliance with eco-friendly practices. Through a structured review of literature and empirical analyses, the authors highlight the potential of XAI and big data technologies to revolutionize supply chain management. The integration of these technologies not only enhances predictive accuracy but also addresses critical issues like trust, transparency, and environmental accountability, providing a roadmap for more efficient and sustainable supply chain operations.

In Chapter 4, “Integration of Blockchain Technology and Explainable Artificial Intelligence in Supply Chains: Transforming Transparency and Efficiency,” Avinash BM, Megha B, and Rajasekhara Mouly Potluri explore how the synergy between blockchain technology and XAI can revolutionize SCM. The chapter begins by identifying the critical inefficiencies in traditional supply chains, such as fragmented information systems, poor real-time visibility, and susceptibility to fraud, which result in higher costs and delays. Blockchain technology addresses these challenges with its decentralized, immutable ledger system, while XAI enhances decision-making by offering interpretability and transparency in AI-driven insights. The authors argue that the integration of these technologies significantly improves demand forecasting, inventory management, and logistics operations. Blockchain’s ability to securely record and share real-time data complements XAI’s capacity to analyze and explain complex patterns, fostering accountability and collaboration among supply chain stakeholders. The chapter emphasizes how this combination reduces operational risks, mitigates fraud, and ensures compliance with regulatory standards. By examining practical applications and case studies, the authors illustrate how blockchain and XAI transform transparency and efficiency in modern supply chains. They highlight the importance of this integration in building resilient, sustainable supply networks capable of navigating the complexities of globalization and evolving business environments. Through this analysis, the chapter underscores the potential of blockchain and XAI to redefine SCM by fostering trust, streamlining processes, and enhancing overall performance.

In Chapter 5, “Integration of Blockchain Technology and Supply Chains using Explainable Artificial Intelligence,” Pankaj Kumar Vaishnava, Sunil Sharma, Rakshit Kothari, and Meenal Joshi examine the role of blockchain and XAI in addressing challenges in SCM. This chapter focuses on how these technologies enhance transparency, flexibility, and trust among stakeholders by facilitating secure, real-time data exchange and robust decision-making processes. The authors present a quantitative study involving Indian firms to assess blockchain’s impact on critical supply chain operations, revealing significant improvements in operational transparency, fraud prevention, and participant cooperation. The chapter elaborates on blockchain’s key features, such as decentralization and immutability, which ensure secure and verifiable transaction records across the supply chain. When combined with XAI, these features enable greater interpretability of AI-driven insights, empowering stakeholders to make informed decisions while fostering accountability. The study identifies blockchain as a critical enabler for building resilient supply chains by promoting trust and adaptability, particularly in contexts requiring real-time responsiveness to disruptions or dynamic market demands. Additionally, the authors explore the broader implications of these technologies, emphasizing their role in fraud mitigation, sustainability, and enhanced collaboration across complex supply chain networks. They provide a comprehensive framework for implementing blockchain and XAI, while addressing the challenges of scalability and integration costs. This chapter concludes by offering actionable insights for practitioners and researchers, suggesting that the strategic use of these technologies can help firms gain competitive advantages and thrive in the evolving global market landscape.

In Chapter 6, “Advancing Supply Chain with Blockchain-Backed Explainable AI,” Adetoba Oluwaseyi Matthew and Olabode Emmanuel Ebiniyi explore the transformative potential of integrating blockchain technology with XAI to enhance SCM. The chapter highlights the evolving landscape of SCM, transitioning from traditional, linear models to digitally enabled, complex networks that prioritize transparency, traceability, and efficiency. Blockchain’s cryptographic security and immutable ledger system ensure secure and transparent transaction records, while XAI addresses the interpretability challenges of AI, making decisions comprehensible to all stakeholders. The authors discuss the critical applications of these technologies, including end-to-end product traceability, automation of smart contracts, and unbiased vendor selection. These implementations foster collaboration, enhance operational resilience, and enable more effective decision-making. Additionally, the chapter outlines the challenges associated with scalability, data standardization, and regulatory compliance, providing strategies for overcoming these barriers. By examining future directions such as predictive maintenance systems and the integration of Internet of Things (IoT) and edge computing, the chapter presents a forward-looking perspective on the role of blockchain and XAI in modernizing SCM. The authors conclude by emphasizing the importance of a data-driven approach in optimizing supply chain processes, enhancing security, and fostering transparency in an increasingly interconnected and competitive global market.

In Chapter 7, “Supply Chain Transformation through Blockchain Technology Adoption using Explainable Artificial Intelligence,” Ritesh Kumar Jain, Vishnu Agarwal, Jitendra Sharma, and Upasana Ameta explore the transformative potential of integrating blockchain technology with XAI in modern SCM. This chapter highlights the increasing complexity of global supply chains and emphasizes the critical need for transparency, efficiency, and trust to address challenges such as fraud, inefficiencies, and compliance with regulatory standards. The authors underscore blockchain’s decentralized and tamper-proof nature, which ensures data integrity and enhances trust among stakeholders, while XAI provides interpretability to AI-driven decisions, fostering better adoption and accountability. The chapter examines the real-world applications of blockchain and XAI integration, showcasing their ability to improve transparency, traceability, and process automation. Examples include Walmart’s blockchain-based food traceability system and Maersk’s TradeLens platform, which demonstrate the technologies’ effectiveness in reducing inefficiencies and enhancing trust in logistics and supply chain operations. Furthermore, the chapter examines the role of blockchain’s smart contracts in automating and standardizing agreements, reducing transactional friction and operational costs. Despite the evident benefits, the authors also address the challenges of scalability, interoperability, and regulatory compliance that impede widespread adoption of these technologies. By providing insights from case studies and a detailed literature review, the chapter offers a comprehensive framework for overcoming these barriers. The authors conclude by emphasizing the need for collaborative efforts, education, and tailored implementation strategies to fully realize the transformative impact of blockchain and XAI on global supply chains. This chapter serves as a valuable resource for practitioners, policymakers, and researchers, offering practical guidance and a strategic roadmap for leveraging these technologies in supply chain transformation.

In Chapter 8, “Explainable AI in Supply Chain Decision-Making,” Sunil Sharma, Pankaj Kumar Vaishnav, Ravi Teli, Sandip Das, and Bhupendra Soni explore the transformative role of XAI in enhancing decision-making processes within SCM. The chapter emphasizes the limitations of traditional AI models, often criticized for their “black-box” nature, which hinders trust and accountability among stakeholders despite their predictive accuracy. XAI addresses these challenges by providing clear, interpretable insights into AI-driven decisions, fostering transparency, operational efficiency, and stakeholder confidence. The authors discuss various XAI techniques, including feature importance, saliency maps, and counterfactual explanations, and their application across industries like retail, manufacturing, healthcare, and automotive. These techniques enable stakeholders to understand the reasoning behind AI recommendations, improving strategic decision-making and aligning AI systems with ethical and regulatory standards. The chapter also explores emerging trends, such as real-time analytics and advanced visualization tools, which further enhance the usability and adoption of XAI in increasingly complex, data-driven supply chains. By analyzing case studies and practical applications, the chapter highlights how XAI improves resource allocation, risk management, and compliance while addressing biases in AI systems. The authors argue that as supply chains evolve, XAI will become indispensable for ensuring transparency, ethical practices, and operational excellence, providing a foundation for sustainable and resilient supply chain ecosystems. This chapter serves as a comprehensive guide for integrating XAI into SCM, offering insights into overcoming challenges and maximizing its benefits in a competitive global market.

In Chapter 9, “Application of Explainable Artificial Intelligence (XAI) and Blockchain Technology in Indian Sustainable, Green Supply Chain Management Practices,” Madhavi Kilaru, Rajasekhara Mouly Potluri, and Rahatullah Khan explore the transformative role of XAI and blockchain in enhancing the sustainability of supply chain practices within the Indian corporate sector. The chapter highlights the increasing importance of ethical sourcing, environmental sustainability, and transparency in global supply chains, emphasizing the alignment of these technologies with environmental, social, and governance (ESG) principles. The authors discuss how AI and blockchain enable real-time decision-making, traceability, and operational efficiency, which are critical for modern supply chains. AI’s predictive capabilities optimize inventory management and logistics, while blockchain ensures data immutability and secure, decentralized transactions. The integration of these technologies addresses challenges such as fraud, inefficiencies, and lack of trust, creating a more resilient and accountable supply chain framework. In the Indian context, these tools help businesses achieve ESG goals, reduce waste, and adapt to regulatory demands, thereby contributing to a sustainable and responsible supply chain ecosystem. The chapter also examines the potential challenges of implementing these technologies, such as high costs, scalability issues, and the need for collaboration among diverse stakeholders. By leveraging case studies and practical examples, the authors provide a roadmap for businesses to adopt these innovations effectively, balancing sustainability with profitability. The chapter concludes by underscoring the critical role of XAI and blockchain in driving the transformation of Indian supply chains toward greater transparency, environmental accountability, and global competitiveness.

In Chapter 10, “Sustainable Supply Chain Practices with Blockchain and Mitigation Practices in XAI,” Seema Babusing Rathod, Sheetal S. Dhande, Harsha R. Vyawahare, and Ajay Kumar Sharma examine the integration of blockchain technology and XAI to advance sustainability in supply chain management. The chapter explores how these technologies enhance transparency, accountability, and operational efficiency, focusing on critical areas like resource optimization, energy management, and compliance with sustainability standards. By leveraging blockchain’s decentralized and immutable ledger and XAI’s ability to make AI-driven decisions interpretable, the authors present a framework for creating more responsible and efficient supply chain ecosystems. The authors discuss the role of blockchain in improving traceability and reducing fraud by providing tamper-proof records of transactions. XAI complements this by explaining AI-driven recommendations, fostering trust among stakeholders. Together, these technologies optimize logistics, predict market demands, and improve inventory management, reducing waste and environmental impact. The chapter also highlights real-world applications of blockchain and XAI in achieving sustainability goals, including enhanced compliance with environmental regulations and better management of carbon footprints. Despite the clear benefits, the authors address significant challenges such as scalability, interoperability, and data privacy concerns. Strategies for overcoming these barriers include fostering collaboration among stakeholders, standardizing data practices, and enhancing workforce training. The chapter concludes by emphasizing the potential of blockchain and XAI to revolutionize sustainable supply chain practices, offering a roadmap for organizations to balance environmental responsibility with economic performance in a rapidly evolving global market.

In Chapter 11, “Human-Centric Approaches in Blockchain and XAI for Supply Chain Management,” Esha Bansal, Manish Saraswat, and Ajay Kumar Sharma examine the transformative potential of integrating blockchain technology and XAI in SCM through a human-centric lens. This chapter underscores the critical role of transparency, agility, and real-time data sharing in addressing persistent SCM challenges, such as material scarcity, cost inefficiencies, and inadequate demand forecasting. Blockchain’s decentralized and immutable nature is highlighted as a foundation for building trust and enhancing traceability, while XAI’s interpretability bridges the gap between complex AI decisions and stakeholder understanding. The authors examine how blockchain streamlines SCM by providing secure, verifiable records and automating processes through smart contracts, reducing fraud and operational delays. When integrated with XAI, these technologies offer unparalleled insights into supply chain data, enabling more accurate decision-making and fostering collaboration among stakeholders. Examples include the use of blockchain for product traceability and XAI for optimizing logistics and predictive analytics, which collectively improve operational efficiency and accountability. While exploring the benefits, the chapter also addresses challenges, such as scalability, data security, and the need for inter-organizational cooperation. A comprehensive framework is presented to guide the adoption of these technologies, emphasizing the alignment of technical advancements with human-centric principles. The chapter concludes by advocating for collaborative strategies and transparent practices to harness blockchain and XAI for sustainable, efficient, and adaptive supply chains, meeting the evolving demands of global trade and consumer expectations.

In Chapter 12, “Perception on Adoption of Explainable Artificial Intelligence-Based Robo Advisory in Supply Chain Systems,” Sailaja Nimmagadda, Surapaneni Ravi Kishan, Durga Harun Lodagala, and H. Kanaka Durga examine the critical factors influencing the adoption of AI-based Robo advisory tools in SCM. This chapter is rooted in a quantitative study involving 101 professionals in SCM and logistics, focusing on variables such as perceived ease of use, trust in AI, and perceived risk. The findings reveal that ease of use and trust significantly drive adoption intentions, while perceived risk has a slight negative correlation. The authors highlight the operational advantages of adopting AI-based systems, including cost reduction, enhanced demand forecasting, and improved decision-making. However, challenges such as data security, integration with existing IT systems, and the cost of implementation are also discussed. Statistical methods like correlation and regression analyses were employed, showing a strong relationship between user-friendly interfaces and the willingness to adopt AI tools, underscoring the importance of design and usability in driving acceptance. This chapter concludes by advocating for organizational strategies that promote trust, provide adequate training, and demonstrate the tangible benefits of AI systems. The insights presented offer valuable guidance for organizations aiming to integrate XAI-based Robo advisory systems into their supply chain operations, fostering efficiency, agility, and user confidence.

In Chapter 13, “Assessing Business Prospects for the Role of Blockchain Technology and Addressing Cybersecurity Challenges in Explainable Artificial Intelligence,” Jitendra Shreemali examines the intersection of blockchain technology and XAI in tackling cybersecurity challenges. The chapter emphasizes the growing threats posed by cybercrime, including ransomware, data breaches, phishing, and the escalating costs associated with these incidents, projected to reach $10.5 trillion globally by 2025. Blockchain’s cryptographic security features and decentralized architecture, coupled with XAI’s interpretability, offer robust defenses against such threats by enhancing transparency, accountability, and data integrity. The author explores blockchain’s potential to mitigate risks in sectors like supply chain management, healthcare, and banking, where data authenticity and security are paramount. By integrating blockchain’s immutable ledgers with XAI’s ability to provide clear, actionable insights, businesses can strengthen their cybersecurity frameworks. The chapter highlights the effectiveness of smart contracts and decentralized security systems in safeguarding IoT devices and preventing vulnerabilities exploited in cyberattacks. While recognizing the benefits of blockchain and XAI, the chapter also addresses their limitations, such as scalability challenges, energy consumption, and vulnerabilities in smart contracts. The author proposes future directions, including the development of “Mega Chains” and intelligent master blocks to enhance blockchain performance and reliability. By presenting a comprehensive analysis of blockchain and XAI’s role in cybersecurity, this chapter provides valuable insights for researchers and practitioners seeking innovative solutions to mitigate the rising tide of cyber threats.

In Chapter 14, “Future Horizons in Explainable AI and Blockchain for Supply Chain Management,” Adeyemi Abel Ajibesin, Eriona Çela, Alexey Vedishchev, and Narasimha Rao Vajjhala explore emerging trends and transformative opportunities in the integration of XAI and blockchain technology within supply chains. This chapter emphasizes the synergistic potential of these technologies in addressing critical challenges such as transparency, traceability, and accountability in increasingly complex and globalized supply chain networks. The authors examine the advancements in blockchain scalability, interoperability, and integration with technologies like IoT and 6G networks, which enable real-time data analysis and operational efficiency. The role of XAI in providing clear and interpretable insights into AI-driven decisions is highlighted as a critical factor in fostering trust and enhancing decision-making processes. Together, XAI and blockchain offer powerful solutions for combating counterfeiting, ensuring ethical sourcing, and achieving compliance with regulatory standards, thereby driving the adoption of more sustainable and resilient supply chain practices. While the chapter showcases practical opportunities through predictive analytics and decentralized ecosystems, it also addresses challenges such as scalability concerns, privacy versus transparency trade-offs, and the ethical and regulatory implications of these technologies. The authors present a strategic roadmap for policy development, fostering innovation and exploring future research directions. By integrating XAI and blockchain, the chapter envisions a resilient, efficient, and agile supply chain ecosystem poised to meet the demands of a dynamic global marketplace.


Conclusion

Explainable AI and Blockchain for Secure and Agile Supply Chains: Enhancing Transparency, Traceability, and Accountability explores the transformative potential of integrating two groundbreaking technologies—XAI and blockchain—within modern supply chains. As global supply chains grow more complex and interconnected, the need for transparency, trust, and efficiency has become paramount. Through detailed analyses and real-world applications, the book highlights how XAI enhances decision-making by providing interpretable insights into AI-driven processes, while blockchain ensures data security, traceability, and accountability with its decentralized and immutable ledger system. Together, these technologies address critical challenges, including fraud prevention, ethical sourcing, and compliance with sustainability standards. The chapters provide an in-depth exploration of practical applications and theoretical frameworks, showcasing how XAI and blockchain can revolutionize supply chain operations. From demand forecasting and inventory management to predictive maintenance and fraud mitigation, this book examines how these technologies enable real-time insights, foster collaboration among stakeholders, and create resilient supply chain networks. Contributions from experts across academia and industry offer valuable perspectives on the evolving landscape of supply chain management, emphasizing the importance of combining advanced technologies with human-centric approaches. Beyond addressing operational challenges, this book emphasizes the broader implications of XAI and blockchain integration for building sustainable and responsible supply chains. By aligning technological innovation with ethical and environmental goals, this book provides a roadmap for businesses, policymakers, and researchers to navigate the complexities of modern supply chains. It concludes with a forward-looking perspective, advocating for collaborative efforts and continued innovation to fully realize the potential of these technologies in shaping the future of global trade and supply chain ecosystems.
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Introduction

Artificial intelligence (AI) is undergoing a significant transformation over the past few years. The technological advancements have made AI models inevitable whether it is an analytical or cognitive or generative model. However, the utilization of these models has given rise to concerns within the research and business communities as far as their transparency and interpretability are concerned. The primary challenge lies in grasping the reasoning mechanisms utilized by AI-driven systems. The lack of transparency and interpretability poses a significant drawback in the decision-making process in these systems. This can result in serious implications, particularly in areas like medical diagnosis and financial decision-making due to involvement of valuable resources. There has been a significant growth in research studies on explainable AI (XAI) in recent years. These reviews mainly focus on proposing taxonomies of XAI methods. While this is valuable, it is equally important to investigate how XAI is practically utilized in industries and derive best practices for its implementation and adoption. One crucial aspect we emphasize is the reliance on AI and its related domain to help businesses in automating their business processes. One of the obvious business questions is the robustness and validation of these methods. The explanations of theory, characteristics, and methodologies of these AI algorithms are provided by XAI methods. By incorporating explainability, the analytical process for businesspeople becomes more transparent and interpretable.

This chapter is organized as follows: The next section presents a detailed discussion of advancements in the field of AI, existing work found in literature, its applications in widespread domains, particularly in supply chain management (SCM), and the need for XAI. The next section provides an overview of the popular explainability approaches for AI systems. Although the choice of explainability techniques differs with the problem, such as language processing, text classification, prediction, and data analytics, the aim is to enhance the capabilities of these solutions by achieving more standardized, optimal, robust, and reliable explanations. The subsequent section considers a problem statement from the supply chain industry with the objective of predicting the number of days for delivering orders. The problem is addressed using the random forest machine learning algorithm. The section that follows attempts to experiment explainability of these machine learning algorithms with the help of two widely used algorithms, local interpretable model agnostic explainer (LIME) and Shapley additive explanations (SHAP). The results of experiments along with the observations drawn from these approaches are covered subsequently. The Conclusion section of this chapter provides insights to practitioners and stakeholders from the supply chain industry to enhance the adoption and implementation of XAI in their business, followed by future directions to the upcoming researchers. The idea is to promote responsible AI, ensuring fairness, transparency, and accountability in the widespread implementation of AI technologies.


Applications of AI in SCM

In the recent decade, with accessibility of huge datasets and increased computational capabilities, machine learning frameworks have accomplished superhuman execution in a wide array of tasks. A common issue with these advanced models is their lack of interpretability and being straightforward. As the use of machine learning algorithms has become more prevalent in critical tasks, such as medical diagnosis or autonomous driving, it is essential for researchers to offer clear explanations regarding the reasoning behind the predictions made by these algorithms. In recent years, several image saliency methods have been developed to summarize the areas in an image that highly complex neural networks focus on as evidence for their predictions. However, the heuristic nature and architectural constraints of these methods impose limitations on their effectiveness. Building streamlined models that roughly reflect the real criteria used for decision-making has been the focus of recent work on interpretability in machine learning and AI. These models are an effective teaching tool for experts with training in complex systems, as they help them anticipate decisions the system will make and, more crucially, how it can malfunction. Mittelstadt et al. (2019) concentrated on how these models differ from sociological and philosophical interpretations. Giving these models as explanations seems more difficult than necessary, even though it is a valuable competence, and other modes of explanation might not have the same trade-offs. The disciplines of psychology, philosophy, and cognitive science possess a wealth of significant research regarding the ways in which individuals formulate, create, choose, assess, and articulate explanations. Miller (2018) noted that individuals employ cognitive biases and social norms during the process of explanation. He argued that the field of XAI could benefit from this existing body of research and reviewed relevant literature from philosophy, cognitive psychology, and social psychology that investigates these topics.

The emergence of Industry 4.0 technology has introduced a novel approach to the digital transformation of various industries, encompassing logistics, manufacturing, and supply chain. Its main goal is to enhance automation and improve processes, better communication, and self-monitoring by utilizing a data-driven approach to create a fully connected supply chain ecosystem. SCM, combined with the benefits of AI, has gained significant attention in this context. It is recognized as an advanced solution for improving information quality, facilitating better decision-making, and addressing practical challenges within SCM. Despite the existence of numerous research studies in this field, only limited research has specifically focused on exploring the trends and challenges of AI applications in logistics and SCM. Balfaqih (2022) and Akanbi et al. (2023) have contributed to the areas where AI and SCM intersect with each other by drawing valuable insights for logistics and supply chain managers.

SCM is an intricate system of various entities, spanning from business partners to end consumers, which often utilize social media platforms such as Facebook, Twitter, etc. to express their thoughts and worries. As opposed to using generic approaches, specific AI models yield more effective results in extracting valuable insights from social media data for SCM (Khatua et al., 2021). A lot of applications of AI, such as sentiment analysis, opinion mining, behavioral analysis, and fake news detection, pose significant challenges and are also sensitive to their outcomes. The prevailing approaches involve the utilization of machine learning models like support vector machines (SVMs) and random forests or deep neural networks, which incorporate nonlinear models and complex architectures. However, the very black-box nature of these methods makes it difficult to comprehend how they generate predictions, consequently reducing trust in their outcomes. Maleszka (2023) examined XAI methods on sentiment analysis to explore the distinctions between XAI in feature selection techniques and sentiment analysis.

Manufacturing systems are becoming increasingly complex, dynamic, and even chaotic day by day. To effectively meet the demand for high-quality products, it is imperative to utilize all available resources. The field of machine learning has rapidly progressed, providing both encouraging results and practical applications. It effectively addresses a number of challenges faced by the manufacturing industry, leading to active discussions among researchers and practitioners about its potential. However, the broad and complex nature of this field presents significant challenges that limit its widespread implementation. Hence, AI can be harnessed to analyze data, predict market demand, optimize logistics and transportation routes, and detect inefficiencies within the supply chain processes. This can ultimately enhance responsiveness to demand variations, reduce lead times, and lower the costs. Numerous studies, such as those by Wuest et al. (2016) and Mohsen (2023), explore the application of machine learning techniques in manufacturing environments, specifically focusing on their potential to improve SCM performance. Furthermore, a systematic literature review by Toorajipour et al. (2021) investigates the benefits of AI in SCM, aiming to identify both current and future AI techniques that can enhance SCM research and practice, thereby addressing the existing scientific gap in this domain. There were also detected gaps in the literature that require further scientific investigation. More precisely, they discussed the most widely used AI approaches in SCM, the prospective AI techniques for use in SCM, the SCM subfields that have already benefited from AI, and the subfields with the most potential for AI improvement.

On one hand, the undeniable potential of AI to revolutionize digital supply chain transformation is widely recognized, while on the other hand, the potency of AI in effectively addressing the complex SCM issues remains questionable because of its black-box nature. Due to this reason, it is important to discover the significance of XAI in the supply chain to highlight the areas within the domain where the black-box problem of AI persists (Mugurusi & Oluka, 2021). Machine learning algorithms are widely used across a wide range of fields to make critical decisions that impact human beings and their surroundings. The issue of fairness in algorithm decision-making has been extensively researched to address potential data biases. In this view, various techniques, including data preprocessing and postprocessing, have been proposed to mitigate unfairness in machine learning (ML). Yang et al. (2023) introduced a feature selection method, essentially explainable, to enhance the fairness of ML models by iteratively removing features that contribute to unfair outcomes based on the feature attribution explanations of model predictions. This method also offers insights into the reasoning behind this fairness-aware feature selection process.

Today’s supply chains have undergone significant changes compared to just a few years ago, adapting to the demands of a highly competitive market. The complexity of modern supply chain processes necessitates the use of advanced technology. While there have been advancements in functional supply chain applications utilizing AI, there is still a lack of comprehensive studies on the subject. The integration of machine learning, natural language processing, and robotics holds the promise to bring revolutionary change to supply chain operations. Recognizing the benefits of AI in SCM and the existing research gap, Riahi et al. (2021) studied the combination to present a framework for the effective integration of AI techniques across various supply chain processes. Although almost all the companies in the supply chain industry strive for a smooth process, there are several factors that hinder this direction. Companies must engage in demand forecasting even when they lack comprehensive information regarding the demand from other market participants. Hence, it becomes important to explore the effectiveness of advanced machine learning techniques, such as neural networks, recurrent neural networks, and SVM, in forecasting distorted demand at the end of a supply chain (Carbonneau et al., 2008).

SCM has become a significant area for AI applications due to its innovative approach to integrated system thinking. The primary objective of AI is to develop and create machines capable of thinking that can replicate human intelligence and learning processes. Since the late 1970s, AI has shown significant potential in improving human decision-making and enhancing productivity across various business sectors, owing to its ability to recognize business patterns, learn from business phenomena, extract information, and perform intelligent data analysis. However, despite its recognition as a valuable decision-support tool, the application of AI in SCM has not been widespread. Min (2010) explored various subfields of AI that are particularly effective in addressing real-world challenges related to SCM, aiming to fully harness the advantages of AI for SCM.

With the increasing role of AI in SCM, there is a growing demand for leveraging AI to improve the supply chain processes. The ever-evolving nature of supply chain processes necessitates the use of AI techniques that can effectively handle their growing complexity. AI has been utilized through prediction, data analytics, and various digital technologies in the realm of supply chain decision-making. Many researchers have studied various aspects of the combination, such as the obstacles faced by supply chain managers, the effectiveness experienced because of integration of AI and data analytics, the well-informed decisions pertaining to sustainability, and many more. The discussions encompass various AI methodologies like data analytics, machine learning, natural language processing, and other digital technologies, such as the Internet of Things, robotics, and cloud computing, along with their applications in various aspects of SCM like demand forecasting, inventory management, and logistics optimization.

AI is becoming increasingly recognized as an asset in operations and SCM, offering a competitive edge. However, many organizations still encounter difficulties when attempting to successfully adopt AI, and there is a scarcity of empirical studies providing clear insights in the literature. AI methods have been found to enhance a company’s competitiveness by reducing costs and lead times. However, there are barriers to AI implementation, including the need to ensure data quality, a lack of specialized skills, and the requirement for significant investments, uncertainty regarding economic benefits, and a lack of experience in cost analysis for AI projects. It offers improving service levels, quality, safety, and sustainability.

There are various operations, research techniques, and methodologies used in decision-making in risk management, specifically focused on multiple-criteria decision analysis methods and mathematical programming. In a related work present in the literature that examines the significance of decision-support systems in supply chain risk management, Baryannis et al. (2019) discussed the application of AI techniques like Petri nets, multi-agent systems, automated reasoning, and machine learning in this field to aid in data analysis and decision-making, whereas Mortazavi et al. (2015) integrated an agent-based simulation technique with a reinforcement learning algorithm to model a four-echelon supply chain that encounters non-stationary customer demands. The coordination of ordering processes, particularly in dynamic situations, poses a significant challenge in SCM. In recent years, reinforcement learning algorithms have emerged as effective techniques for addressing such problems.

The utilization of data analytics and ML in the context of AI to bring out analytical insights and to predict future events has seen a remarkable rise across multiple industries, including manufacturing, healthcare, finance, and many more. While on the other hand, the integration of AI continues to face challenges due to the prevalence of black-box models that lack transparency. The notion of XAI has gained considerable interest as it strives to instill accountability in AI by highlighting the importance of human elements. Understanding XAI explanations requires cognitive effort, and that is the reason why it is vital to incorporate this element during the design process. Aslam et al. (2023) found in their study that the role of mental models in the evaluative foundation of XAI is constrained, and adapting explanations to align with users’ mental models can greatly improve their experiences, leading to enhanced understanding and greater satisfaction and trust in the models. Therefore, they recommended employing mental models to determine explainability and developed an ontology-driven model to promote a deeper understanding of explanations.

The rising use of automated decision-making in key areas of our routine life, including education, employment, insurance, and finance, etc., has resulted in increasing demand not only from society but also from regulatory authorities looking for better transparency, more accountability, and increased fairness in these processes. To address this concern, Sokol and Flach (2018) presented a Glass-Box, a voice-enabled prototype that enables users to pose questions regarding the automated decisions made by the model, allowing them to identify any biases or errors present in the underlying system. This prototype provides explanations for algorithmic predictions using class-contrastive counterfactual statements, which illustrate how variations in certain conditions can lead to different outcomes. The explanations are intentionally designed to be easily understood by non-experts, thus making them accessible to a diverse audience and encouraging interaction through dialogue.

Black-box AI systems that leverage machine learning for automated decision-making convert user attributes in a class or score without giving any reasoning for the decisions. This lack of transparency is problematic because the algorithms may reflect biases from artifacts and human prejudices present in the training data, which can lead to unfair or inaccurate decisions. In response to this challenge, Pedreschi et al. (2019) introduced a local-to-global approach for explaining black-box systems, which is organized into three main aspects: First, a language that incorporates statistical and causal interpretations to express explanations grounded in logical principles; second, the assessment of the black-box in relation to the target instance to derive local explanations that elucidate the decision rationale for individual cases; and third, the synthesis of various local explanations into clear global interpretations using bottom-up generalization algorithms that optimize for quality and comprehensibility.

Some researchers also considered the open question of developing meaningful explanations of opaque AI systems. Guidotti et al. (2018) have provided a thorough summary of approaches present in the literature to explain decision-making systems that rely on machine learning models. They have also developed a classification scheme for methods to consider aspects like the explanation to the problem under study, the explanatory used, the black-box model that is being opened, and the kind of data that the black-box model is using as input. Fong and Vedaldi (2017) proposed a general framework to allow for learning various types of explanations for any black-box algorithm. Their framework was based on explicit and interpretable image perturbations.

A lot of researchers (Adadi & Berrada, 2018; Dosilovic et al., 2018, Mugurusi & Oluka, 2021) demonstrated the usability of explanations through theoretical arguments and a variety of experiments on a wide range of scenarios. Some of the objectives include determining the level of trust in model prediction, selecting the most appropriate model, the need to improve an unreliable classifier, and finding the reasons for not trusting a classifier. Studies in the past have also presented a taxonomy of recent contributions in explainability, with a specific focus on deep learning methods. Arrieta et al. (2020) and Ghosh et al. (2023) presented the contribution of explainability in techniques like ensembles, deep learning networks, and other frameworks. Zhang et al. proposed a method to modify a conventional convolutional neural network (CNN) into an interpretable CNN, to clarify information representations in high conv-layers of the CNN. The interpretable CNNs use the same training data as ordinary CNNs without a need for any annotations of object parts. The explicit knowledge representation in an interpretable CNN can be useful in understanding the internal processes of a CNN (Zhang et al., 2018). Selvaraju et al. (2017) proposed a technique for producing visual explanations for decisions taken by CNN-based models to make them transparent. They combined Grad-CAM with fine-grained visualizations to obtain a high-resolution visualization of images. The idea was to utilize the visualization in a variety of tasks like image classification, image captioning, and visual question answering mostly developed using ResNet-based architectures.

In their work, Ribeiro et al. (2016) proposed a LIME explanation technique which learns an interpretable model locally for any classifier’s predictions. They framed the task as an optimization problem for individual predictions to explain them in a non-redundant way. They also tested the technique by means of various text and image classification models. In spite of their appropriation, machine learning models stay to be the dark boxes. Understanding the reasons behind a categorization or forecast is crucial for the implementers. Such understanding gives bits of knowledge to the decision-makers, which can be utilized to convert an unexpected result into a reliable one. In view of the lack of standardized explanations, Gilpin et al. (2018) discussed the deficiencies of existing approaches to explanatory strategies and offered their own definition of explainability.


Overview of XAI Methods

AI is becoming increasingly essential across various sectors in the society around. However, many modern AI techniques, such as ML, have black-box nature that hinders their acceptance by practitioners in different application fields. This calls for the emergence of a new research area in AI known as XAI. The primary goal of XAI is to provide AI-based decision processes and results that can be easily understood and interpreted by humans. Over the past few years, several methodologies have been suggested to elucidate and comprehend ML models, which were previously perceived as black-boxes to validate their predictions. It has been surprising to discover that the prediction mechanisms of these models sometimes exhibit flaws that do not align with human intuition, possibly due to biases or correlations in the training data. Recent efforts within the XAI community strive to progress beyond merely identifying these flawed behaviors, toward integrating explanations into the training process to enhance model efficiency, resilience, and generalization. This section helps readers to familiarize themselves with the key concepts, techniques, and recent innovations in the domain of XAI. Following a discussion on the interpretation of “explanation” in relation to machine learning and the establishment of critical criteria for effective explanations, we present a brief overview of established explanation techniques, particularly focusing on attribution methods that clarify the model’s decisions by assigning importance scores to each input after the fact.

XAI is an evolving research area that seeks to illuminate the complexities of intricate and often opaque machine learning models. The underlying structures and mathematical operations associated with AI can be challenging for data scientists to decipher. As a result, it is crucial to leverage a specialized set of tools specifically designed for their interpretation and understanding. The following points outline some of the main reasons for the adoption of XAI:


	User understanding and trust: XAI enhances transparency in decision-making processes, which subsequently fosters greater trust among end users. This increased trust facilitates a wider acceptance of AI systems.

	Compliance and regulations: Organizations that utilize AI for strategic decision-making, particularly in areas such as marketing strategies or financial forecasting, must adhere to various regulations set forth by the jurisdictions in which they operate. By implementing XAI, these organizations can effectively demonstrate their compliance with regulations such as the general data protection regulation (GDPR).

	Identify and remove bias: While AI models exhibit mathematical precision, they lack an inherent understanding of ethical considerations and fairness. This aspect is especially vital in sectors like finance and banking. XAI tools can reveal the underlying factors influencing each prediction, allowing for the detection and correction of biases within the model.

	Continuous improvement: Data scientists often encounter difficulties after the deployment of models, including performance decline and data drift. A comprehensive understanding of XAI can significantly enhance model performance and reliability.

	Error detection and debugging: The challenge of debugging intricate models with numerous parameters poses significant hurdles for ML engineers. XAI is instrumental in pinpointing specific areas of concern or errors within the logic of AI systems or the training data.


XAI encompasses various techniques and methodologies aimed at bringing clarity on different facets of machine learning models, irrespective of their complexity. In the context of explainable models such as linear and logistic regression, a wealth of information can be derived from the coefficients and parameters. It is essential to recognize that machine learning models can be interpreted on two distinct levels: Global and local, prior to exploring their practical applications.

The purpose of XAI on a global scale is to comprehend the model’s behavior across the entire dataset. It sheds light on the key factors that affect the model, along with the overarching trends and patterns that emerge. This understanding is instrumental in conveying to business stakeholders how the model functions. At a local level, the goal of XAI is to provide insights into the rationale behind a specific decision made for an individual input. Local explainability is vital for revealing the underlying reasons for a particular outcome. Addressing questions such as why the model arrived at a decision for a specific instance aid in uncovering the logic behind the decision, thereby facilitating the identification of the critical features that influence that decision.

A commonly used local interpretation algorithm is LIME as described by Ribeiro et al. (2016). LIME operates by deciding and constructing an interpretable model through the querying of nearby data points to illustrate the local decision-making process. This model is then used to provide explanations for the significance of each feature, with logistic regression typically being the default model. In the context of image analysis, LIME segments each image into superpixels and queries the model using a random search space, where various superpixels are either omitted or replaced with a uniform color, such as black or another user-specified color. For complex models like CNNs, LIME employs a straightforward, interpretable model to clarify its predictions.

Local explanations generated by LIME are particularly valuable for identifying and addressing potential biases within the model. Another prominent technique in XAI is SHAP, introduced by Lundberg and Lee (2017), which is recognized for its adaptability. SHAP evaluates the importance of each feature in a regression context by framing the problem as a coalitional game from game theory, subsequently calculating the Shapley values derived from this game. In this framework, features are treated as players, the value of the features compared to a baseline serves as the strategies, and the system output represents the payoff, thus forming a coalitional game based on the input. This method offers the benefit of providing both local and global explanations, thereby enhancing our analytical capabilities.


Supply Chain and XAI

The field of XAI has witnessed a significant rise in research and development efforts by researchers. This area of study addresses the critical challenges posed by complex machine algorithms that often lack the ability to explain their internal behavior. XAI enables users to gain a clearer understanding of its framework by providing insights into its calculations. Such explanations are essential for ensuring algorithmic fairness, identifying potential biases, and confirming that the algorithms function as intended.


Supply Chain Use Case

This section investigates how XAI is utilized to improve the transparency and interpretability of so-called black-box AI algorithms. The dataset used for this analysis is sourced from DataCo Global (Constante et al., 2019), which contains a comprehensive array of supply chain data. This dataset encapsulates vital information such as product inventories, financial performance metrics, shipping records, and customer demographics along with transaction details. Comprising 180,520 data points across 53 columns, this dataset serves as the foundational resource for training our machine learning model, allowing us to extract interpretable insights and enhance the transparency of machine learning models within the supply chain sector. A snapshot of the dataset can be seen in Figure 2.1.

[image: A tabular dataset detailing shipping and customer information. Columns include type, days for real shipment, and days for scheduled shipment with numeric values, benefit per order and sales per customer with monetary amounts, delivery status indicating shipping conditions, late delivery risk, category name, customer details such as city, country, email redacted with X, customer name, and numeric customer I D.]
Figure 2.1 A preview of dataset.
The objective of the ML model is to predict the actual days taken to deliver the order. The dataset consists of features describing various attributes of the order, item, customer, and finance. After careful consideration, 27 irrelevant features were dropped, and the rest of the 26 features were checked for their importance using the XGBoost feature selection method. The feature importance plot explains the importance of each feature in predicting the target values. As shown in Figure 2.2, the features which strongly affect the delivery are the mode of shipping and the delivery status followed by order state, order status, order country, order date, the city from which the order is placed, order month, and the order region and so on in decreasing order of their importance. Although the feature importance plot is useful, it only offers significance and no other information.

[image: A horizontal bar chart titled Feature Importance showcasing the F score values of various features in a dataset. The features are ranked from most to least important based on their scores. Shipping mode is the highest importance, with an F score of 197, delivery status is 187, order state is 64, order status is 41, order country is 39, order date is 32, order city is 31, and other features like order region, order month, and benefit per order have decreasing F scores.]
Figure 2.2 Feature importance plot using the XGBoost method.
The process extracted 16 important features presented in Table 2.1 which are utilized for training the ML model. The target feature is days for shipping (real).


Table 2.1 Selected features for training ML model


	Sr. #
	Features



	1
	Shipping mode


	2
	Delivery status


	3
	Order state


	4
	Order status


	5
	Order country


	6
	Order date


	7
	Order city


	8
	Order region


	9
	Benefit per order


	10
	Order month


	11
	Sales per customer


	12
	Order item profit ratio


	13
	Order item quantity


	14
	Payment type


	15
	Order item discount rate


	16
	Market


A random forest regressor in supervised fashion has been applied to learn the behavior of the dataset and to predict the actual days for shipping. Prior to training the model, input features containing categorical data, namely Payment Type, Shipping Mode, Order Status, Order Region, Order Country, Order City, Market, and Delivery Status are encoded. Table 2.2 shows the test scores obtained on the random forest regressor trained on the 80–20 split for training and testing.


Table 2.2 ML model test scores


	Metric
	Score



	R-squared error
	0.9085


	Mean squared error
	0.2409


	Mean absolute score
	0.3343



Model Explainability

XAI approaches help users to understand the ML models better. Explainability supports better decisions by making the models more transparent and easier to understand by giving users the ability to ask questions for its outputs. Some of the common questions that are often asked after training the machine learning models will be addressed such as:


	Which features from the dataset are most significant to the model?

	What effect did each feature in the dataset have on a particular prediction instance? etc.


The answers to these questions play a significant role in strategic decision-making on the part of top-level managers. In a broader sense, explainable methods give the understanding of the impact of each feature on the model predictions, that is, its usual impact when weighed against a multitude of potential predictions. In general, machine learning models are known to be capable of making accurate predictions, but at the same time, they remain black-boxes to people developing and using them because the reasoning behind them is opaque. This statement is true because most data scientists and users of ML models are still learning how to draw exact insights and conclusions from the models they train. This section will mine the results generated by the machine learning model in the previous section to draw meaningful insights using two popular approaches, LIME and SHAP, discussed earlier in this chapter.


Explainability with LIME

As seen from left to right in Figure 2.3, the result of explainability with LIME comprises primary pieces of information for the test instance; predictions generated by the model; and the contribution of each feature in prediction.

[image: An S H A P force plot visualizes the contributions of features to a predicted value, ranging from 0.00, the minimum, to 5.70, the maximum. The predicted value is highlighted at 5.32, with a color bar gradient.]
Figure 2.3 Impact of features for test instance.
Considering the figures for a test instance 99465, Figure 2.4 shows the actual values associated with each feature. It can be interpreted that

[image: A table presenting features and their corresponding values. Features include shipping mode, delivery status, order country, and others, with values ranging from small decimals to large numbers. The table organizes data to highlight key attributes influencing the analysis.]
Figure 2.4 Actual values for test instance.

	The actual delivery time is predicted between zero and six days; in this case, it is 5.32 days which is six days approximately. This points that the feature values have strongly affected the late delivery.

	If the shipping is done through standard class (encoded as class 3), it has a positive impact on the delivery.

	If the delivery status is late delivery or canceled delivery (encoded as class 2 and 3, respectively), it has a positive impact on the delivery.

	It can be observed that the order location, which comprises order country, order city, and order region, also shows a positive impact on delivering the order.


These are the reasons that led the model to take its decision.


Explainability with SHAP

SHAP offers an array of visualization tools to perform model interpretability. The first plot is a feature importance plot for a specific target. As seen from Figure 2.5, the features are ranked based on their average SHAP values showing the most important features at the top and going down toward the bottom with the least important ones. This helps in understanding the significance of each feature on the predictions generated by models.

[image: A horizontal bar chart showing the mean S H A P values for features influencing a model’s predictions. Key features include Shipping Mode at +1.21 and Delivery Status at +0.79, with other features such as Order State, Order City, and Order Date contributing minimally at +0.01 each. The visualization emphasizes the dominance of the top two features in shaping predictions.]
Figure 2.5 Feature importance using SHAP.
A more detailed review of each feature’s effect on the label can be found in the second plot. Shapley values for each feature and instance are displayed in the summary plot by combining the importance of each feature with its impacts. Features are represented on the y-axis, and their matching Shapley values are reflected on the x-axis. The colors on the plot indicate each feature’s value, ranging between a low and high scale. The features are arranged based on their significance. Figure 2.6 shows the SHAP summary plot for the features and their impact on the model output.

[image: A scatter plot of S H A P values for various features, plotting their impact on the model’s output. Features such as shipping mode and delivery status dominate, with S H A P values distributed across positive and negative ranges.]
Figure 2.6 SHAP summary plot.
Figure 2.6 can be interpreted as follows:


	The X-axis represents SHAP values. Positive values for a specific feature contribute to moving the model’s prediction nearer to the expected delivery date, while on the other hand, negative values push toward the opposite side which implies late order delivery.

	The Y-axis illustrates the features ordered by their average absolute SHAP values.

	Shipping mode, delivery status, and order date impact the actual delivery date more than any other features.

	Other important features: Order state, order city, and order country also affect the delivery as it shows the location from where the order is placed.

	The other features also impact the delivery but to a lesser extent.


One more way to visualize the same explanation is to use a force plot. Feature attributions like Shapley values can be illustrated as forces for visualization purposes. Every feature value can influence the prediction in one of two ways: either positively or adversely. The baseline, or average of all Shapley value projections, is where the prediction comes from. Each Shapley value is represented in the visualization as an arrow that pushes in the direction of either a positive or negative prediction value. To determine the final prediction for the supplied data instance, these forces interact by increasing or decreasing the target value.

Figures 2.7 and 2.8 show SHAP force plots for two instances which explain individual predictions. In these plots, the positive SHAP values are seen on the left side, whereas the negatives are on the right side giving a sense of competition against each other to display their individual force on the corresponding output. The force plot depicts the following points:

[image: An S H A P force plot illustrating the contributions of features to a predicted value of 5.32. Key positive contributors include Shipping Mode equals Standard Class and Delivery Status equals Late Delivery.]
Figure 2.7 SHAP force plot for sample instance.
[image: An S H A P force plot depicting the contributions of features to a predicted value of 2.00. Key contributors include Delivery Status equals Shipping on time and Shipping Mode equals Second Class.]
Figure 2.8 SHAP force plot for another sample instance.

	SHAP values explain the predicted delivery time plotted against instance 99465 in Figure 2.7 and for instance 7446 from the dataset in Figure 2.8.

	The baseline of the average predicted delivery date is 3.50 which can be 4.

	The first instance has a higher delivery risk as it has predicted approximated delivery days to be 5.32 ≅ 6 days. The delivery risk increases due to a standard class delivery mode. Also, it can be observed that the late delivery status also attributes to more days taken to deliver the order.

	For the second instance, the delivery days are predicted to be 2, which is less than the baseline average delivery because of which it shows an on-time delivery. Although a second-class mode of delivery is chosen for delivering the order, it is delivered on time. Hence, the delivery risk is negligible.



Discussion of Results

ML models make some decisions automatically, but still, there are plenty of decisions which need human intelligence and calls for human decision-making. Predictions generated by these models can play an important role in managerial decision-making as their insights can be more valuable than the associated predictions. The ML models also claim to aid in better decisions by noticing patterns that are missed by humans. In such scenarios, explainability backs up the model output with evidence to build trust in ML models. Further, there is an abundance of inaccurate, unorganized, and unstructured data all around. When undergoing data preprocessing, data scientists sometimes unintentionally introduce errors in the data. Model explainability also helps in dealing with these issues. In continuation with the example presented from the supply chain domain in the previous section, here are some of the observations:


	Four shipping modes are available in the dataset viz. ‘First Class’: 0, ‘Same Day’: 1, ‘Second Class’: 2, and ‘Standard Class’: 3. Looking at some random instances, the approach explains that out of 4 shipping modes, if the shipping class is First Class or Same Class, there are chances that the delivery is done on time. In other cases, it may not be guaranteed.

	Four delivery statuses are available in the dataset viz. ‘Advance shipping’: 0, ‘Shipping on time’: 1, ‘Shipping canceled’: 2, and ‘Late delivery’: 3. Experimenting on random instances through the approach reveals that with a delivery status less than or equal to 1, the chances of on-time delivery are high because either the delivery is done well before time or on the expected date. In the other two cases, the delivery is done later than expected.

	The two approaches used for model explanation, LIME and SHAP, agree to the contribution of features in explaining the decisions taken by the machine learning model. The most important features are found to be shipping mode and delivery status which have a very high impact on the predicted values. At the same time, the model outputs are also sensitive to any change in the values of these features.

	The other important features which determine the number of days for delivery are order state, order status, order country, order date, order city, and month in which the order is placed and the order region in order of their decreasing importance.


It is important to note that apart from the two highest impacting features viz. mode of shipment and delivery status, the features’ importance may vary depending on the relationship of features for each instance. The explanations can be viewed from a global perspective, which accounts for the features’ importance on the model output as a whole, or from a local perspective to attribute for specific predictions generated by the model. The previous section has addressed both average and individual predictions for specific instances of data. Shapley values have the capability to be aggregated to form comprehensive explanations. SHAP can also be run for each specific instance, resulting in a matrix containing Shapley values. This matrix is structured with one row for every data instance and one column for each feature. The analysis of Shapley values within this matrix then allows for the interpretation of the entire model. The presented use case from the supply chain domain demonstrates how XAI approaches can be applied to a machine learning model to give responses to a wide variety of questions to draw important insights for decision-makers. The fairness of explanations offered by explainability approaches makes machine learning models more powerful and trustworthy.


Conclusion

ML models have experienced substantial growth, promising great potential across diverse industries. Looking at the current scenario, there is no question that these systems possess the ability to drive digital transformation within the supply chain sector. However, their full potential in addressing more complex challenges in SCM remains uncertain, largely due to their intrinsic black-box characteristics, as evidenced in both practical applications and existing literature. As these models continue to have a growing impact on the supply chain through the decisions they make or influence, it is essential to identify, comprehend, and address unfairness. While it is tempting to utilize machine learning models to smooth down the work processes, it is essential to uncover model insights. XAI encompasses the fairness and ability of AI systems to elucidate their decision-making processes. This chapter seeks to emphasize the significance of XAI in SCM by shedding light on its importance and practical applications in the supply chain industry. In addition to this, this chapter has brought together the application of AI in SCM, by presenting a use case and presenting the applicability and usability of XAI for its users, including data scientists and decision-makers as the end users. This work could assist decision-makers in gaining fresh perspectives on how XAI can help address the black-box problem in AI, especially within the context of SCM, where AI techniques are becoming more widespread.

It goes beyond simple science to understand the machine learning models in use. It is not just about the awareness or interest in the explainable characteristics. Rather it is to have more information about the models, diving deeper to know their behavior. This helps in getting acquainted with the model; in which situations the model falls flat, how to deal with it, and most importantly, explaining its utility to the stakeholders. This chapter has opened the doors for future research avenues in the field of XAI. These paths aim to further enhance our understanding, guiding various industries in the utilization of XAI. By addressing these research areas, we can continue to improve the effectiveness and applicability of XAI in real-world settings.
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Introduction

Explainable artificial intelligence (XAI) in the supply chain enhances transparency by clarifying how AI models make decisions and predictions. In demand forecasting, XAI helps managers understand the factors driving predictions, leading to better planning. For inventory management, XAI offers clear explanations for stock recommendations, boosting confidence in inventory decisions. In supplier selection, it reveals why certain suppliers are preferred, aiding in more informed choices. XAI also illuminates routing decisions in logistics and helps identify the causes of anomalies. This transparency enables trust, improves decision-making, ensures compliance, and enhances overall supply chain efficiency and accountability. Supply chain management (SCM) is a procedure that assists an organization to identify the locations in which the goods and services that are being exchanged are located and the layout of the organization (Aloysius et al., 2018). Moreover, SCM controls how big the storage and service capabilities in an application can be.

SCM comprehensively covers almost the entire service or production flow (Oliver and Webber, 1982), which entails the manufacturing of goods and services that are to be offered to the users (Bouyssou, 1986). Internet of Things (IoT) is a present-day technology that is being implemented in actual real-time applications in the enhancement of the general user service and communication without instances of failure (Srivastava, 2007). SCM plays a significant role in all businesses (Robinson, 2015), applications, as well as sectors since it assists in providing factual details in the products and services, hence enhancing the communication and experience channels that are encountered by the users (Aloysius et al., 2018). From this, it is evident that big data activities in different industries cannot survive without the employment of big data analytics (Hallikas et al., 2021). The following areas present the main operations of big data analytics, which enhances the efficiency and productivity of data management: manipulated data of large magnitude is retained during the rigorous data analysis, which also plays a vital role to quantify and substantiate the proportion of data that is to be stored for other purposes in the foreseeable future (Hamister et al., 2023).

Big data analytics is an exceptional, structured way of working with information, which allows us to avoid issues and mistakes (Gangadharan & Swami, 2004). Specific technologies that are utilized in big data analytics are used as tools for enhancing the outcomes of the identification of the flow of services in SCM. SCM process, which puts into force the methodology of big data analytics to offer an authentic set of information for the management process, helps the construction of superior SCM methodology and strategies. By using the extent of fields, ML techniques offer more relevant and satisfactory services and experiences to the users (Raed & Zeaiter, 2015). Here, in the SCM process, which is utilized to prevent undesirable conditions and failures while supplying goods for the users, people also employ ML techniques. SCM is the most common area where most of the reinforcement learning algorithms are used to increase their efficiency and effectiveness (Gangadharan & Swami, 2004). The reinforcement learning algorithms lessen the instances of detection failure because it involves patterns, parameters, and values that are definite (Hallikas et al., 2021). The segmentation method is applied during the clustering process because it effectively allows sorting of data based on patterns or characteristics specified. Moreover, the information acquired by employing the ML technique is beneficial for SCM as it offers an ideal decision-making process that reduces the cost and increases the efficiency of the analysis.


Review of Literature

The proposed model, based on the Exploratory Data Analysis (EDA), guarantees the proper usage of SCM by establishing the macro–micro model of the communication processes for data control (Hallikas et al., 2021). The discussed technique can be explained with the help of the considered large group consensus model that aims at defining the right services for clients. Compared with other conceivable strategies, the proposed strategy would be useful in improving the overall effectiveness and sustainability of SCM. Another study focused on rethinking the intermodal supply chain architecture in an IoT-based environment within the context of ports (Hamister et al., 2023). The proposed approach was then exploited to manage the large amount of data with a well-developed data analysis process, which has boosted the supply chain management system. In addition, the volume and speed of offered goods and services to the users as well as their indicators are also measured and defined with the help of the above-mentioned method.

The favored method of incessant data processing (IDP) has been advocated to enhance the supply chain, manufacturing, and the assessment of the overproduction quantification of any actuality of smart products factory (Hallikas et al., 2021). The data processing model in the smart industry permits the handling of the combination of hardware and software, and then computing correspondingly to product circulation, demand for any product, and its circulation. The method of IDP proposed here is developed based on the IoT platform, and its implementation is expected to control and optimize the working of the production management system, which is used in the context of smart industry (Srivastava, 2007). The strategy of the suggested IDP technique is described.

This is because, with other newer inventions in the field of technology, big data has become more important when it comes to issues of decision-making in organizations (Loureiro et al., 2018). Smart technologies such as cloud computing, IoT, and smartphones equipped with Radio Frequency Identification (RFID) excel in integration and real-time data provision, enabling the extraction of valuable insights. Therefore, utilization of this data asset also entails implementation of the sophisticated technological structures that engage in analysis of numerous vast datasets in a very selective and efficient way at scale (Loureiro et al., 2018). There are lots of technological revolutions connected to big data, and all of them can contribute to increasing the processing characteristics in business. Three types of data processing schemes have been identified by studies: batch data processing is yet another data processing that processes big data in large amounts at one time, whereas real-time flow is another process that processes small data frequently as it flows, and the interactive processing of the data is yet another process that processes data as and when they are needed.

Advanced instruments like artificial intelligence and analytics of huge amounts of data include solutions to problems like information asynchronization, which is valuable in supply chain management and other derivative issues of the management of expansive and intricate data acquired from the environment. It generates information useful for decision-making outcomes that increase performance and optimize SCM effectiveness (Gangadharan & Swami, 2004). However, one must freely admit that big data analytics-artificial intelligence (BDA-AI) plays a crucial role in examining conditions at the intranational and interorganizational levels. According to academia, the main strategic role that BDA has laid down is that it facilitates the realignment of all the internal organizational operations of a firm to supply chain activities of production, storage, and disposal. Therefore, through eco-design and supplier selection as the gap triple forms, BDA-AI has been added to the company’s external supply chain to enhance green practices.

In fact, BDA-AI encourages the organization’s sustainable internal processes and production with suppliers, and they all consist of minimized waste, emissions, and risks to the environment. Nevertheless, the relationship between BDA and AI is still an active research issue concerning the green supply chain and environmental performance even with these scholarly papers and concerns. The Organizational Information Processing Theory (OIPT) was used to derive the above-mentioned conceptual model for the present study. According to this theory, it is anticipated that the structure of an organization matches the uncertain environment to achieve the organizational optimum level. Therefore, the OIPT demonstrates how a business grows as a performance in the field of several interrelated and chaotically unchainable internal and external processes. Moving forward, under this theory, we developed the following conceptual model which employed information processing mechanisms with the help of BDA-AI to forecast the behavioral patterns of the businesses. In the communication, we included the relation with an organization’s EP and its capability of being replicated using BDA-AI technology. It remains appropriate to describe how BDA-AI helps organizations address the data regarding possible decisions about the green supply chain and potential improvements in the organizational environment. The model helps in setting up the relationship between the green supply chain collaboration (GSCC) and the BDA-AI. Additionally, other requirements regarding the employment of BDA-AI technology, which is targeted at real-time knowledge sharing between the company’s internal departments and the use in the environmental process integration (EPI) decision-making were considered. The hypotheses centered on the moderating role of the Global Dynamic Learning Organization (GDLO). We assumed that the GDLO would somehow weaken the interaction between GSCC, EPI, and BDA-AI.


Methodology

Thus, the lack of literature studies formed the aim of this study and the purpose of comprehending how BDA-AI technologies impact green supply chain management (GSCM) as well as assessing the degree of EP improvement, where the context is considered as potentially mitigated. Therefore, a survey with a dataset of 168 organizations was used to empirically establish the interaction and compatibility between the applied variables that make up the conceptual model formulated from the given end purpose. The structural model was analyzed with the help of the structural equation modeling (SEM) technique with reference to partial least-squares (PLS) regression analysis. This is because it was also included in the characteristic of the PLS method of estimating the coefficients, which quantify such relations, and the system of equations that describes the relations between the variables is solved.


H1: 

GSCC will benefit from big data analytics and AI-enabled decision-making.



H2: 

AI-enabled decisions derived from big data analytics will positively impact EPI.



H3: 

GSCC and EPI have a positive relationship.



H4: 

The association between big data analytics and GSCC is positively moderated by GDLO.



H5: 

The association between big data analytics and EPI is positively moderated by GDLO.


This is because the model that was looked at is a conceptual one, thus developing a survey that targeted all the dimensions that were examined. They ensure that all the items emerged from the existing survey questionnaires that were developed by the researcher in prior studies. This was done through a number of studies that operationally defined the conceptual model’s constructs as follows: respondents’ attitudes of agreement or disagreement on the questions not only informed the proposed structures but also other variables and phenomena investigated; we used five dimensional Likert scales: the questions were responded in Likert scales, 1 signifying strongly disagreeing, the middle values; 2, 3 for disagreeing, and the higher likelihoods; 4, 5 for agreeing. In the method part of the work, it was stated that all the measures in this study concerning the theoretical framework were reflective measures of the pertinent constructs. Table 3.1 presents a brief description of the method used in the study as a means of operationalizing mainly some of the variables used in the study.


Table 3.1 Measure of construct and derivation


	Construct & derivation
	Indicator
	Measures



	Big data analytics artificial intelligence (BDA-AI)
	BDA_1
	Applying complex methods of data analysis to improve decision-making, including regression, optimization, and simulation


	BDA_2
	The integration of numerous data sources for enhanced decision-making


	BDA_3
	Applying the scheme of data visualization, for example, by using the dashboards, when dealing with the data to explain it to the decision-makers


	BDA_4
	Putting forward the elements of the GSC process’s dashboard applications and data on communication equipment (laptops and mobile phones)


	Environmental process integration (EPI)
	EPI_1
	Today, to decrease the environmental load of Birdland plant, knowledge is extensively shared within internal divisions


	EPI_2
	The level of communication between internal departments is quite effective in minimizing the harm of the plant to the environment


	EPI_3
	The use of cross-functional teams to intensify process integration


	EPI_4
	Coordination with internal departments or operations.


	EPI_5
	The possibility of integration and real-time communication between all the inside processes within the company


	Green supply chain collaboration (GSCC)
	GSCC_1
	Supplier evaluation based on the environmental standards


	GSCC_2
	Helping suppliers on technical aspects of environmental questions


	GSCC_3
	Communication with suppliers of product and eco-design and development


	GSCC_4
	Evaluation of environmental responsibility of the suppliers


Regarding the collected survey data, it was used to: confirm the hypotheses of the research’s conceptual model. Recommendations made by the two groups were integrated into the table of the completed survey. Since the questions posed to the respondents involved technical issues and the jargon of the study, the respondents were given alphabetical acronyms and terms used in this study. Before administering the questionnaires, this study informed the respondents that their identity would not be revealed to anyone. Thus, by means of the survey, it was possible to assess or, at least, partially assess the hypotheses of the conceptual model specified above. Thus, after the following steps were taken, a pre-test was initiated before the construction of the measurement scale. First, we had to make sure that the actual content of the created measurement scale is valid. Hence, the tests for content validity attempted to address questions like, what was the way the questionnaire was constructed or developed? Do the several elements of the questionnaire cover the phenomenon under consideration? In this regard, the literature review was done to pin down the areas of interest in creating the questionnaire and the measurement scales of the model variables before their purification. The check and change of the first outline of the questionnaire occurred when the process of the literature review was completed; academics researching the healthcare Supply Chain (SC) and technology administration took time to ensure that they checked and adjusted on the measures that were proposed.

Certain modifications, together with the recommendations made toward the end of the pre-test, were useful in the preparation of a second form of questionnaire. After that, a total of seven questionnaires were administered to supply chain experts who are affiliated to organizations with knowledge on supply chains/logistics by email. In addition to that, the subject matter experts provided their recommendations on the makeup and/or construction of the scales, apart from expressing their view on how the current scales portrayed the constructs that were under consideration. Most of the advice and comments concerned details of the aspects of the prepared statements and the design of the questionnaire. These remarks were incorporated in the last survey instrument. This paper only made assessments on the specific targeted employees that performed the job of supply chain and logistics of their respective organizations.

Consequently, to preselect the respondents, closed-ended questions were designed based on the respondent’s claimed expertise in various features of big data functionalities in relation to supply chain. The online cross-tabulations of the surveys among French organizations were conducted with the use of the Sphinx software. Therefore, the dataset that was used was information obtained from the French Federation of Organizations (public) and the French Federation of Private Clinics and Organizations. All the surveys carried out among the employees were completed via email. Of the 520 questionnaires that were administered, 181 were properly completed by the respondents. Thirteen of the surveys that were used were not incorporated into the integration as the responses given were not complete. Thus, the working sample used in the study at the end of the investigation was 168 or 32 percent of the study population. Thus, the sample included both the organizations that belong to the public sector and the ones belonging to the private one; the organizations differ regarding the number of staff members as well as their ability to manage multitudes of customers. Table 3.2 presents the detailed summary of the answers, and the essence of the descriptors employed by the respondents is apparent.


Table 3.2 Percentage analysis


	Demographic variable
	Percentage of responses



	Gender
	Male
	71%


	Female
	29%


	Organization status
	Private
	39%


	Public
	54%


	Other
	7%


	Number of customers
	< 200
	8%


	Between 201 and 400
	41%


	Between 402 and 1000
	38%


	Between 1001 and 2000
	4%


	> 2000
	9%



Data Analysis

The PLS regression method allowed for the investigation of the research hypotheses with the help of the analyzed conceptual model (Raman et al., 2001). All in all, the identification of this approach has assisted us in the following ways in our study. Apparently, it is more suitable to be applied to exploratory research and is pertinent to the current study in developing a new BDA technology, on one hand. Hence, for the method that is comparatively less sensitive to model specification error, the PLS approach can provide an exciting substitute to SEM (Smart PLS) for the estimation of the more general covariance-based model (Trotta et al., 1999). Nevertheless, it proves to be more effective when the given dataset has a small number of observations, fewer than 250. There are three primary components involved in evaluating a PLS model: relations between the measures and the constructs, the validity and reliability of the measures, and the final measurements model (Whicker et al., 2018).

As for the measurement model, discriminant validity analysis was performed, and the convergent validity of the measurements related to the constructs and the internal consistency reliability was assessed. Cronbach’s alpha and the composite reliability were used to confirm the level of dependability of the internal consistency. In all the stated price levels, there was at least one value of the model that was greater than 0.7. Therefore, they posted that it had a high reliability among the researchers. As for validation of the measurements, the loadings or rather correlations between the measurements as well as the corresponding constructs were considered as per Table 3.3.



Table 3.3 Measurement model


	Constraints
	Items
	Factor loadings
	Alpha
	Rho A
	Composite reliable PC
	AVE



	Big data analytics-AI (BDA-AI)
	BDA1
	0.892
	0.921
	0.927
	0.918
	0.892


	BDA2
	0.902
	
	
	
	


	BDA3
	0.932
	
	
	
	


	BDA4
	0.831
	
	
	
	


	BDA5
	0.885
	
	
	
	


	Environmental performance
	EP 1
	0.901
	0.937
	0.94
	0.950
	0.762


	EP2
	0.901
	
	
	
	


	EP3
	0.880
	
	
	
	


	EP4
	0.924
	
	
	
	


	EP5
	0.757
	
	
	
	


	EP6
	0.867
	
	
	
	


	Environmental process integration
	EP 11
	0.88
	0.912
	0.917
	0.938
	0.792


	EP12
	0.838
	
	
	
	


	EP13
	0.923
	
	
	
	


	EP14
	0.94
	
	
	
	


	EP15
	0.915
	
	
	
	


	Green supply chain collaboration (GSCC)
	GSCC1
	0.880
	0.837
	0.948
	0.750
	0.772


	GSCC 2
	0.924
	
	
	
	


	GSCC3
	0.757
	
	
	
	


	GSCC4
	0.880
	
	
	
	


The hypothesis could only be tested after the assessment of the measurement scales in the theoretical model. As the outcome of the above analyses, the overall contribution of the model to the variation regarding the constructs has proved to be quite substantial; R2 for GSCC corresponds to 0. 405, R2 for EPI corresponds to 0. 559, and R2 for EP corresponds to 0. 541. The current research confirms the study proposition, H1 and H2. Going by the table, one could conclude that the positive change was more on the EPI side than the GSCC side. Due to the implementation of BDA-AI in a healthcare facility, there is an increase of ‘X,’ which is the department contributing to the internal integration and the supply chain that plays a lot in the help of decision-making concerning the environment (Table 3.4).



Table 3.4 Path coefficient results of H1 to H5


	Hypothesis
	Path 1
	Path 2
	Beta
	SD
	t-value
	p value
	Remark



	H1
	BDA-AI
	EPI
	0.223
	0.067
	3.234
	0.0023
	S


	H2
	BDA-AI
	GSCC
	0.546
	0.667
	9.123
	0.000
	S


	H3
	EPI
	GSCC
	0.065*
	0.034
	1.454
	0.212
	NS


	H4
	BDA
	EPI
	0.211
	0.055
	1.673
	0.078
	S


	H5
	EPI
	EP
	0.345
	0.213
	1.845
	0.054
	S




	* Significant at 1% level.


By doing so, the study confirmed the last hypothesis: H3 that stated EPI had a positive influence on GSCC β = 0.259 t = 1.1961. We also test for mediation to compare GSCC directly to the other groups of hospitals to see if it behaves in a mediating fashion. This means, among others, that partially GSCC plays the role of mediation. Indeed, EPI affected EP directly and indirectly because GSCC played a mediating role between EPI and EP. As such when β = 0 is obtained, no racial disparities will be apparent in the occurrence of the disease among different races. Four of the mean control center variables have a z-score significantly different from zero at the 0.05 level of significance: m = −2.563 and t = 8. 070, which is larger than the t critical value of 1 extracted from the table at a 0.05 level of significance. 645 ensures the acceptance of the hypothesis H6 which posits that EPI boosts EP. However, this was the case particularly with the influence in which the finding revealed a statistically significant difference between the two groups. According to this theory, cross-function integration and internal information sharing cause healthcare facilities to establish effective environmental policies. On the other hand, like other things concerning GSCC, its influence was somewhat invisible which means that although it was slightly noticed, the importance of this factor was quite profound.


Discussion

Thus, the current study contributes to the OIPT by extending the construction with digital learning and BDA-AI and advances the knowledge of GSC by enriching the theoretical models of the decision-making process. It remains evident that new innovative technology means enhancement of the internal organizational work capacity on the entry, processing, transfer, and use of information. These prospects make it true with our rationale that organizations having a higher-end technology incorporated in them and having efficient analytical strength can reduce the uncertainty related to integration of multiple units and the dynamic surroundings enclosing the patients. The utilization of the tool referred to as OIPT in the sphere of organizational operations is not explored in the literature; for this reason, this study’s findings are beneficial. They align with the OIPT viewpoint and the literature on the necessity for this IT framework for the creation of collaborativeness with the stakeholders. As mentioned above, the BDA-AI can supplement the Large-Scale Group Decision Making (LSGDM) method to organizations’ green supply chain coordination and environmental procedural management under Doppler conditions. The organizations comprise interest groups whose objectives are not significantly congruent; therefore, the stakeholders must negotiate to adopt the principle of the circular economy to the organization’s decision-making process. When defining the role of enhancing environmental performance, Organizational Information Processing Theory (OIPT) emphasizes the organization's supply chain readiness and the seamless cooperation of information processing both internally and externally.

The results of the data collected in the present research substantiate the first hypothesis stated—the positive correlation between the GSCC and the BDA. The results of this study corroborate the claims of several emerging conceptual and empirical research that have claimed that greater interaction among the members of the networked supply chain is a result of the integration of BDA technologies. These are also in harmony with the findings of a recent engineering and technology management study that elaborated on how the use of BDA in decision-making affected the operation of the supplier selection process carried out by BDA. This is a strong point for the BDA-AI for the facilities provided in the organizations, which are initially placed in an unstable and constantly changing environment. Subsequently to this, as discovered in the study, is the following detailed process: using BDA-AI improves an organization’s EPI (Hypothesis 2). The implication is in tune with earlier research regarding the use of BDA to improve a specific suite of operations within the organization in a state of flux. However, what scholars have poorly expressed is the interaction between the BDA-AI technologies on one side and the internal integration of the environment of an organization on the other. Additionally, internal integration, within the context of the literature, is posited as both a formative antecedent to the use of BDA and as a value-added asset. Therefore, the present study adds the latest perspective to the literature regarding the implementation of BDA-AI technologies and the consideration of the environment in the workings of the organization sector.


Conclusion

This chapter has provided a thorough analysis of the integration of XAI and big data technologies in SCM. By leveraging these advanced technologies, businesses can achieve unprecedented levels of transparency, trust, and accountability in their operations. XAI enhances decision-making processes by providing clear explanations of AI-driven insights, while big data enables real-time analysis and optimization across the supply chain. These technologies not only improve efficiency but also play a critical role in addressing challenges such as demand forecasting, inventory management, and environmental sustainability. The role of GSCM has been emphasized, showing how these innovations contribute to sustainable practices. The chapter also introduced federated learning and other AI advancements that can facilitate data management across multiple supply chain levels. Overall, this chapter demonstrates how the strategic use of XAI and big data can transform SCM, leading to improved decision-making, operational efficiency, and environmental outcomes.
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Introduction

Supply chain management (SCM) refers to a network of businesses involved in various operations and procedures that generate value for final consumers through goods and services offerings. Different partners, including suppliers, manufacturers, distributors, retailers, and other intermediaries, integrate and work together to convert raw resources into finished goods and deliver them to the end customers (Jacobs & Chase, 2018). SCM is a connected business system, process, organization, partner, and technology used in producing, distributing, and delivering goods and services to the final consumers. It covers all the phases of the product cycle, starting from strategic sourcing of raw materials, manufacturing, transportation, warehousing, and retailing (Coyle et al., 2021).

Traditional supply chains face common challenges, frequently lacking real-time transparency and visibility throughout the whole network, which causes delays, inefficiencies, and higher operating costs (Christopher, 2016). Organizations with disjointed information systems and data silos make it difficult for supply chain partners to collaborate and make decisions together. Inconsistent data formats and incompatible systems exacerbate coordination issues and communication obstacles (Chopra & Meindl, 2001). Inaccurate demand forecasting plagues traditional supply chains, which results in excess inventory, stockouts, and inadequate inventory management techniques. Inaccurate forecasting leads to increased carrying costs and decreased customer satisfaction (Chopra & Meindl, 2001). Conventional supply chains are susceptible to several disruptions, such as delays in transit, supplier breakdowns, natural disasters, and geopolitical conflicts. A deficiency of contingency planning and inadequate risk management measures intensifies the effect of disruptions on the supply chain performance (Sheffi, 2005).

Due to globalization, supply chains have more intricate and extensive networks of suppliers, manufacturers, and distributors spread across numerous nations and regions. Navigating regulatory compliance, cultural diversity, and logistical problems are all part of managing global supply chains (Friedman, 2005). Cost-effectiveness frequently takes precedence over sustainability and environmental concerns in traditional supply chains. Insufficient focus on sustainability strategies, such as cutting down on carbon emissions, decreasing waste, and using ethical sources of materials, can compromise corporate social responsibility initiatives and put businesses at risk for damage to their brand (Seuring & Gold, 2013). During the past few decades, supply networks have become tremendously complicated. Global networks entail a lot of money, numerous partners, and opaque procedures. This lack of openness costs firms by causing problems like fake goods, unfair labor practices, gaps in compliance, and more. Given the complexity of today’s business contexts, traditional supply chains confront formidable obstacles. Supply chains must be more transparent, flexible, and resilient to address these issues by implementing proactive risk management techniques, cooperative practices, and cutting-edge technologies.

There is a call for modern ‘supply chain management’ implementation with cutting-edge technologies, collaborative methods, and proactive risk management techniques to handle the complexity of contemporary business contexts. Supply chain management is a vital part of the global economy. It simplifies the passage of goods and services from the point of source to end consumers. It includes coordinating and integrating various activities, covering strategic sourcing, procurement, inventory, production, transportation, warehousing, and distribution across multiple organizations and stakeholders (Christopher, 2016). Supply chain management is integral to business functioning worldwide, impacting competitiveness, sustainability, and resilience in an increasingly interconnected and dynamic global economy.

Explainable artificial intelligence (XAI) is a process and method that enables human users to understand and trust the results and output generated by machine learning algorithms. XIA has been instrumental in the process of making informed decisions. The use and integration of XAI and blockchain in supply chain management can be beneficial against traditional technologies because they help build trust and ensure businesses can understand the recommendations provided by artificial intelligence systems. In conventional AI models, the decision-making process can be complex and challenging. XAI can help address the lack of transparency and interpretability by providing precise and interpretable explanations of how AI-based decisions are made.


Review of Literature


Importance of Supply Chain Management

Organizations can minimize waste, optimize operations, and cut costs down the supply chain with the help of effective supply chain management. Businesses can become more competitive and efficient by optimizing processes, managing inventories better, and strengthening logistics (Chopra & Meindl, 2001). A well-managed supply chain confirms the timely delivery of superior products to clients, which boosts customer happiness and loyalty. Sustaining a competitive advantage in the market requires addressing the demands and expectations of the customer (Christopher, 2016). Natural catastrophes, geopolitical crises, and industrial or transportation delays are just a few of the hazards to which supply chains are vulnerable. Organizations can reduce possible interruptions and maintain continuity by commissioning effective risk management techniques, such as embracing technology-enabled solutions, diversifying suppliers, and implementing contingency plans (Sheffi, 2005). SCM brings innovation and cooperation between the stakeholders, promoting the development of new products, processes, and business models. This relationship with stakeholders facilitates information sharing and enables organizations to adapt to changing market dynamics (Enz & Lambert, 2024).

Due to globalization, supply chains are now intricate, interwoven networks spanning several nations and regions. Organizations build international networks for strategic sourcing, manufacturing, and distribution to expand new markets, reduce expenses, and benefit from comparative advantages (Friedman, 2005). Digital technologies like blockchain, artificial intelligence, the Internet of Things, and data analytics have significantly transformed supply chain management. The above technologies increase efficiency, transparency, and decision-making by enabling real-time supply chain process tracking, visibility, and optimization (Sallam et al., 2023). Organizations find it inevitable to implement sustainable practices in the entire supply chain by increasing awareness of social responsibility and environmental sustainability. This involves meeting legal and societal obligations, reducing waste, ethical sourcing, ensuring fair labor practices, and reducing carbon emissions (Seuring & Gold, 2013).

The COVID-19 pandemic highlighted the relevance of supply chain flexibility and resilience in managing unforeseen interruptions. Organizations are reassessing their supply chain management strategy and emphasizing building strong, adaptable, and agile supply chain systems that can bring down the risks in the future and adapt to changing situations (Pettit et al., 2013).


Blockchain Technology – An Overview

Blockchain technology refers to a decentralized ledger system that records transactions across a network of computers. Every business transaction that is generated gets recorded in the ‘block’ linked to previous blocks, creating a sequential chain of blocks referred to as ‘blockchain’ (Tapscott & Tapscott, 2016). It relates to a distributed database that records data transactions and makes it available to a network of independent participants (Perdana et al., 2021). The decentralized and distributed ledger system offers unparalleled security, transparency, and efficiency, revolutionizing traditional business processes. Blockchain data records are called blocks, and the crypto-analytic hash function links them to a chain. The hash function that is used to authenticate the transactions on the blocks does not allow changes to recorded data (Wang et al., 2019). ‘Immutability’ signifies a block’s capacity to endure without modification. The technology’s immutability and decentralization qualities have the potential to completely transform business operations as they allow the sharing of agreed information that business partner organizations in supply chains cannot alter (Gurtu & Johny, 2019; Kshetri, 2021). Blockchain guarantees that no one owns the system since data are stored on a decentralized platform that users cannot control (Upadhyay, 2020). These technological characteristics can outspread their applications in fostering trustworthy relationships across the organizations in the supply chain (Queiroz & Wamba, 2019). Integrating blockchain technology within supply networks results in enhanced efficacy in demand forecasting, inventory management, product origin tracking, and finance processes (Hald & Kinra, 2019). Public blockchains are open to everyone who wishes to participate, and they do not require permission from anyone to join. On the other hand, private blockchains are only accessible to authorized persons permitted by the network owner. On the other hand, consortium blockchains are semi-private, requiring permission from multiple parties to join (Tapscott & Tapscott, 2016).

Blockchain works via a node-based decentralized network where every node preserves a copy of the whole blockchain, safeguarding transparency and resilience against single points of failure (Nakamoto, 2008). Each block in the blockchain encompasses a cryptographic hash of the previous block, creating a tamper-proof chain. It banks on cryptographic techniques to secure transactions and sustain the integrity of the network (Nakamoto, 2008). Smart contracts refer to self-executing contracts having predefined rules written in the code. They implement and execute the terms of an agreement when predetermined conditions are met (Buterin, 2014). Blockchain networks employ consensus mechanisms to authenticate transactions and add new blocks to the chain. Such consensus algorithms include Proof of Work (PoW) and Proof of Stake (PoS) (Tapscott & Tapscott, 2016).


Applications of Blockchain Technology

Blockchain can potentially revolutionize financial transactions by covering cross-border payments and remittances. It can reduce costs, streamline transaction processes, and mitigate risks associated with traditional systems (Swan, 2015). Blockchain-based identity management systems offer greater control over individuals’ data, enhancing security and privacy. Users can securely store and share their information, reducing the risk of identity theft and fraud (Swan, 2015). The healthcare sector has adopted blockchain technology to solve problems with medicine traceability, patient privacy, and data integrity. Healthcare companies may ensure product authenticity and combat counterfeiting by using blockchain technology to track the transfer of medications, medical devices, and supplies from the manufacturer to the patients. Moreover, this enhances the tracking of medicines during recalls (Ritchi et al., 2024). Besides offering greater traceability, blockchain allows business houses to optimize replenishment and minimize stockouts by providing real-time visibility about the current stock levels (Adeoye, 2024). Blockchain simplifies the paperwork and administrative challenges associated with the automotive industry’s complex network of suppliers, manufacturers, and distributors. Smart contracts encourage efficiency and cooperation throughout the supply chain by automating several tasks, like compliance checks and payment processing (Esmaeilian et al., 2024). SCM is a critical area that harnesses the potential of blockchain. Blockchain technology in the supply chain improves transparency and traceability by recording the transfer of goods from the origin to the consumer’s point. This reduces fraud, confirms authenticity, and enhances efficiency (Herweijer et al., 2018).


Why Does Supply Chain Management Need Blockchain Technology Integration?

The digital supply network distributes goods and services along the value chain by combining data and information from multiple sources. New technologies like blockchain, robotics, and AI are being integrated into this network. In addition, as blockchain technology is immutable, it may be used to track and trace the source of things, identify fake goods, and expose deception along the value chain. For example, if a company ships consumable goods like cheese, they must be transported at a constant temperature. To reduce problems with food quality, the firm shipping the cheese can ascertain if the temperature has increased throughout the journey above the allowed limit or affected the cargo. In contrast to conventional supply chains, blockchain-based supply networks increase traceability along the whole supply chain network by automatically bringing up-to-date data transaction records each time a change is made.

Blockchain technology can empower supply chain management (Sean Ashcroft, 2023). Businesses may confirm that their goods are ethically and sustainably using blockchain technology, offering transparency and traceability. From production to distribution to end consumers, blockchain technology can provide real-time visibility and track commodities along the supply chain. This endorses trust and openness among the many supply chain participants. Blockchain is used to track the current inventory levels and optimize the inventory management procedures, reducing inventory costs and supply chain efficiency. Blockchain allows the creation of safe, unalterable records of a product’s start point and movement along the supply chain, which can authorize the legitimacy of goods and halt counterfeiting. With the use and integrations of blockchain technology, products’ quality can be tracked as they are moved through the supply chain, allowing for quicker fault removal and identification, reduction of waste, and enhanced customer satisfaction.

Blockchain offers an auditable and transparent record of supply chain operations that can assure regulatory compliance and reduce the risk of non-compliance and the fines that come with it. Integrating blockchain technology can help supply chain financing by offering transparent and safe records of transactions between manufacturers, distributors, and suppliers. The terms and conditions of the agreement between the buyer and the sellers are instantly incorporated into lines of code to generate self-executing smart contracts. Blockchain technology integration can automate and optimize supply chain operations, lowering expenses and boosting productivity. Blockchain technology can digitize and automate supply chain activities, saving time and money by reducing administrative costs and removing paperwork.

IBM Food Trust’s platform focuses on food supply chain management. It offers transparency and traceability benefits by allowing food producers, distributors, and retailers to follow the movement of food products along the supply chain. Ambrosus platform focuses on food supply chain management. Pharmaceuticals offer the benefits of using it to monitor the flow of goods throughout the supply chain and guarantee the authenticity and quality of the goods. The VeChain platform concentrates on supply chain management and product authentication, offering the benefits of using it to trace products and confirm their authenticity along the supply chain. Provenance focusing on supply chain transparency and traceability gives companies a comprehensive picture of the supply chain by allowing them to trace things from the point of start to the final customer. ChainLink focuses on supply chain automation, offering the benefits of allowing companies to automate supply chain procedures by integrating smart contracts with third-party Application Programming Interfaces (APIs) and data sources.


Advantages of Integrating Blockchain Technology in Supply Chain Management

Integrating blockchain technology in supply chain management can handle several issues, including data integrity, supply chain visibility, and counterfeit items. With blockchain technology, an unchangeable, transparent ledger may be created that securely documents all events and transactions along the supply chain. Every transaction is time-stamped and connected to the one before it, creating an auditable and visible trail of the flow of goods from the supplier to the final customer (Azevedo et al., 2023). In the supply chain context, traceability refers to identifying past and present inventory locations and a record of product possession. It entails following goods through numerous geographic zones and navigating a complex process that takes them from raw materials to retailers and consumers. One of the significant benefits of supply chain innovations driven by blockchain technology is traceability. Transactions happen in real-time on the blockchain because it comprises decentralized open-source ledgers that store data that users can replicate (Azevedo et al., 2023). Blockchain systems use asset tokenization to guarantee tradability. A product, for example, can be tokenized to make it a digital asset that can be traded on the market. The system gives each product a unique token. Blockchain systems facilitate the tokenization of assets by separating them into digital shares that signify ownership. Because the tokens are tradable, the users can transfer ownership without exchanging physical things. Automated smart contract payments also assist in precisely licensing software, services, and goods (Zhang, 2024).

Blockchain technology’s decentralized and encrypted architecture improves supply chain data security by thwarting unauthorized access, alteration, or manipulation. The likelihood of fraudulent activity or counterfeit goods is decreased by confirming the integrity and validity of transactions using cryptographic techniques (Iansiti & Lakhani, 2017). Blockchain technology offers a safe and unchangeable record of a product’s legitimacy, aiding the fight against counterfeit goods. Blockchain reduces the possibility of fake goods getting into the supply chain by authenticating the provenance and validity of products (Azevedo et al., 2023). Smart contracts on blockchain enable smooth and automated transactions among supply chain players. Smart contracts are self-executing agreements with predetermined terms and conditions written in code. They lower transaction costs and administrative overhead by enabling automated payment settlements, contract enforcement, and compliance management (Guo et al., 2022). Blockchain enables stakeholders to track and monitor products at every journey stage by giving real-time visibility into the status and movement of goods throughout the supply chain. Improved visibility enables proactive decision-making and supply chain optimization by lowering information asymmetry, delays, and inefficiencies (Iansiti & Lakhani, 2017).

Blockchain allows supply chain participants to share data safely and transparently, promoting cooperation and confidence. Improved supply chain performance and responsiveness result from suppliers, manufacturers, distributors, and retailers working together seamlessly and exchanging information via a shared blockchain platform (Marty & Salomée, 2024). Blockchain technology offers an auditable record of regulatory compliance, certifications, and audits, which improves risk management and compliance in supply chain management. This minimizes legal and reputational risks by guaranteeing compliance with industry standards and regulatory obligations (Oriekhoe et al., 2024a). Applying blockchain technology in supply chain management benefits customers by enabling businesses to deliver goods faster and more precisely. Thanks to blockchain’s transparency, customers can monitor their items through the supply chain and determine their start points. Customers likely trust businesses because they can trace the exact location of their goods and be assured of their authenticity and ethical sourcing (Behl et al., 2024).

Blockchain technology removes intermediaries and lessens administrative overhead, which can lead to saving costs in the entire supply chain. This applies to the production, delivery, and return stages, starting with the planning and development stages. For example, by decreasing the expense of inventory tracking, the automotive sector can save costs. Maintaining appropriate inventory levels requires manual processes, validating stock availability, and updating data manually. Using blockchain technology, businesses can automate procedures and reduce related administrative costs (Esmaeilian et al., 2024). Blockchain technology can decrease costs and enhance efficiency in the supply chain by automating numerous procedures. This can involve monitoring inventory levels, optimizing logistics procedures, and automating payments. It also paves the way for enhancing speed (Vazquez Melendez et al., 2024).


Disadvantages of Using Blockchain Technology in Supply Chain Management

Many organizations have inadequate process transparency due to not having an integrated picture of the entire supply chain. Issues with security, traceability, authentication, and product verification result from this lack of visibility. Supply chains built on blockchain technology take a while to create and operate. Finding the correct competence is difficult because blockchain technology skills and prepared individuals are expensive. Blockchain applications are currently developed on private networks and incompatible platforms, and it is challenging to integrate them smoothly into current supply chain systems. This lack of integration hampers the adoption and application of blockchain technology. All transactions must be handled by storage and data processing systems, which compromise efficiency for security. Furthermore, there may be a requirement to store shipment details externally, which threatens data security, as transaction logs are not currently safeguarded.


Challenges in Implementing Blockchain Technology in Supply Chain Management

Although supply chain management stands to gain significantly from blockchain technology, several obstacles and restrictions need to be considered (Kottler, 2018). Integrating blockchain into current systems is one of the main obstacles facing businesses that want to use it. This could be a complicated and drawn-out procedure, mainly if the company still uses several outdated systems. This indicates that most businesses require time and money to guarantee that their systems are correctly connected to the blockchain. When connecting blockchain technology with infrastructure and traditional systems, compatibility issues come up. Existing databases, programs, and software must be able to connect and communicate with the blockchain network. It can take a lot of effort and resources to ensure compatibility.

Companies must be mindful of any security risks from blockchain technology. Despite the distributed ledger’s inherent security, bad actors can hack networks and data by exploiting security holes. Because of the blockchain’s transparency, there is still a chance that private data could be accessed if appropriate security measures are not followed. Businesses need to be on the lookout for ways to safeguard their systems against hostile actors, data breaches, and security risks. Whether or not the blockchain is involved, cybersecurity procedures like identity verification, firewalls, and encryption should be fundamental to every organization’s security protocol. The issue of scalability becomes more pressing as more businesses employ blockchain technology. The current infrastructure might not process large transaction volumes without experiencing severe delays or other performance problems. This difficulty is a direct result of integrating with legacy systems. Since blockchain technology is still in its infancy, it is unclear how various governments will regulate it. Adopting the technology has legal and regulatory risks for companies. Organizations must be informed about regulatory developments that may impact their use of blockchain technology. Applying blockchain technology in supply chain management is expensive. Despite the substantial potential advantages, businesses must also consider the long-term expenses of creating and managing a blockchain network. And only a few developers are skilled enough as the technology is still comparatively new.

The use of blockchain technology may disrupt supply chain activities that are now in place. Daily activities may experience brief disruptions due to the need for considerable modifications and adjustments during the shift to a blockchain-based system. The implementation process must be meticulously planned and overseen to reduce these risks. Blockchain networks must adhere to common interoperability standards as the technology develops. These will aid in guaranteeing interoperability among various blockchain platforms, decentralized apps, and legacy technology ecosystems. These methods will make cross-communications and end-to-end transaction verification possible through supply chain networks. To address the challenges of implementing blockchain technology in supply chain management, companies must invest wisely in reliable integration solutions and collaborate with professionals who can assist in integrating blockchain with existing systems. The companies need to consider consortium or private blockchains with optimal scalability; data privacy that can be resolved by employing permissioned blockchains with limited access rights, guaranteeing only authorized parties can read sensitive data; work with blockchain-focused legal professionals to handle regulatory obligations efficiently; and consider blockchain adoption’s long-term advantages and possible return on investment (ROI) carefully.


Transforming ‘transparency’ by Integrating Blockchain Technology and Supply Chain

Organizations may improve accountability, traceability, and transparency throughout the supply chain ecosystem by using blockchain technology in supply chain management. With blockchain technology, an unchangeable ledger with tamper-proof transaction records can be created. To ensure data integrity and transparency, every transaction is time-stamped, cryptographically encrypted, and connected to earlier transactions (Iansiti & Lakhani, 2017). Companies can get end-to-end product traceability by implementing a shared blockchain ledger for each transaction or event in the supply chain. This openness improves confidence and accountability by allowing stakeholders to track goods’ flow, provenance, and history from the start point to the final customer (Azevedo et al., 2023). Blockchain will enable stakeholders to access and verify data almost instantly, giving real-time visibility into supply chain activities and procedures. Because of this transparency, stakeholders can watch shipments, monitor inventory levels, and spot possible delays or bottlenecks, which helps them make proactive decisions (Iansiti & Lakhani, 2017). By offering a tamper-proof record of the product’s provenance, blockchain can authenticate details about the product, including its origin, authenticity, and certification. This increases transparency and customer trust by enabling customers to authenticate the legitimacy of products and make knowledgeable purchasing decisions (Iansiti & Lakhani, 2017). Blockchain offers a common platform for transparent data sharing and exchange, encouraging supply chain participants’ cooperation. Shared access to a common blockchain ledger fosters collaboration, trust, and accountability, which increases transparency across the supply chain ecosystem (Azevedo et al., 2023). Organizations may improve transparency, accountability, and confidence in their supply networks and achieve more robust, efficient, and sustainable operations by integrating blockchain technology into supply chain management. Through this integration, stakeholders can obtain dependable, accurate, and impenetrable data about goods, transactions, and procedures, which benefits both customers and enterprises.


Transforming ‘efficiency’ through the Integration of Blockchain Technology and Supply Chain

With its ability to increase efficiency, transparency, and trust, blockchain technology can transform supply chain management completely. Organizations may improve efficiency, cut costs, and streamline operations by integrating blockchain technology into supply chain procedures. Smart contracts built on blockchain technology automate and uphold contract terms and conditions, enabling smooth supply chain transactions between parties. Smart contracts save transaction costs and administrative overhead by allowing automated order processing, payment settlements, and compliance monitoring (Chang et al., 2019). Blockchain makes real-time insight into the movement and status of commodities throughout the supply chain network possible. Blockchain improves operational efficiency and responsiveness by allowing stakeholders to manage inventory levels, monitor shipments, and spot possible bottlenecks or delays in real-time (Oriekhoe et al., 2024b). The transparency and immutability of blockchain technology aid in the fight against supply chain fraud and counterfeit goods. Blockchain lowers the possibility of fake goods entering the supply chain by offering a tamper-proof record of product authenticity and provenance, protecting brand reputation and customer trust (Alkhudary et al., 2024).

Blockchain makes inventory management more effective by giving precise and instantaneous visibility into inventory movements and levels. Organizations may optimize stocking levels, minimize stockouts, and eliminate surplus inventory with enhanced inventory position understanding, resulting in cost savings and increased operational efficiency (Mishra & Jain, 2024). Blockchain offers a common platform for transparent data sharing and exchange, encouraging supply chain participants’ cooperation. Blockchain facilitates seamless collaboration, builds confidence, and streamlines communication to improve coordination and decision-making throughout the supply chain network, which increases efficiency (Vazquez Melendez et al., 2024). Organizations may significantly increase productivity, transparency, and teamwork by integrating blockchain technology into supply chain management. Utilizing blockchain technology can improve overall performance, save expenses, limit risks, and streamline operations in today’s competitive and dynamic business climate.


Cases of Blockchain Integration with SCM


	Walmart: Sam and James Walton started Walmart, an American multinational retail corporation, in 1962. To increase its food supply chain’s traceability and openness, Walmart has partnered with IBM company. After Walmart collaborated with IBM to develop a traceability system based on the Hyperledger Fabric, Walmart can now track mangoes stored in the US stores within 2.2 seconds. Additionally, by quickly determining the origin of contamination, Walmart has increased the safety and quality of food. Walmart-affiliated suppliers could track each stage of the mango supply chain, including farming methods, storage conditions, and transportation. Due to this project’s success, Walmart expanded its application of blockchain technology to include other products, like pork and leafy greens (Antier Decentralizing the World, 2024).

	Pfizer: German businessmen Charles Pfizer and Charles F. Erhart started the US-based pharmaceutical company Pfizer in 1849. Pfizer and Chronicled, a supply chain solution driven by blockchain, worked together to enhance the security and traceability of pharmaceuticals. The primary motivation for partnering with Chronicled is to tackle issues related to inefficient supply chains, fake medications, and regulation adherence. Pfizer kept an unchangeable record of every medicinal product to monitor expiration dates, location details, and batch numbers. Furthermore, Pfizer and Chronicled have significantly improved the security, transparency, and integrity of pharmaceutical items. These actions guarantee that patients receive safe and authentic medications while lowering the possibility of counterfeit drugs entering the market (Antier Decentralizing the World, 2024).

	Ford: Henry Ford established the American automaker Ford in 1903. The business created the ‘Automotive Blockchain Consortium’, a supply chain system powered by blockchain, intending to track and authenticate car parts through the supply chain. Ford sought to increase confidence with its suppliers and consumers, tackle issues with counterfeit parts, and optimize the efficiency of its supply chain. Information about items, such as assembly and manufacturing data, certifications, quality checks, and shipment records, can be recorded and shared by all parties involved in the supply chain. Moreover, Ford has found automating and optimizing several supply chain procedures simple, thanks to smart contracts on the blockchain (Antier Decentralizing the World, 2024).

	BHP: Australia is the home base for BHP’s global mining and natural gas petroleum business. To digitize its supply chain procedures for mineral concentrates, BHP collaborates with MineHub, a registered brand of MineHub Technologies. MineHub makes it possible to capture essential data points securely and permanently at every turn of the mineral concentrate’s journey, from extraction to travel. MineHub’s transparency lowers conflict, guards against fraud, and guarantees ethical sourcing procedures are followed. The platform streamlines supply chain procedures, including payments, approvals, and trade paperwork. This automation increases efficiency, decreases paperwork, and streamlines operations (Antier Decentralizing the World, 2024).



Roadmap for Blockchain Implementation/Integration in Supply Chain Management

Before implementing blockchain technology, determine which major use cases will benefit your supply chain the most. Enhancing traceability makes further advantages possible, such as lowering fraud and raising sustainability and efficiency. Consider the use case’s potential risks and expenses and imagine the worst-case situation. Businesses must implement best practices in data security to guarantee the protection of sensitive data. This entails employing robust encryption, implementing access control mechanisms, and routinely monitoring network security. It is essential to ensure data confidentiality and privacy when integrating blockchain technology into supply chain management. Securing sensitive data involves utilizing encryption or other security methods. Putting security first should be your primary priority. The key is understanding that not one size fits all. Distinct blockchain systems have varying functionalities and benefits. Sifting through these aspects and comparing them to your demands can help you find the best blockchain solution. Blockchain networks come in a wide variety, each with unique advantages and disadvantages. Spend time selecting the best network for your requirements, considering features like interoperability, security, and scalability. Mostly, this will decide whether your implementation is successful.

After the appropriate solution has been found, the system must be developed and integrated with the current workflow. Before a full-scale rollout, thorough testing should be conducted to find and fix any possible problems. Employees should receive sufficient training on the new system’s operation. This entails teaching them about the idea behind blockchain technology, how the new system works, and its possible advantages and effects on the supply chain. Considering how blockchain technology can affect current systems and procedures is crucial before implementing it. This entails considering how it will work with older systems and any adjustments to guarantee a seamless integration. Blockchain technology implementation necessitates cooperation with supply chain partners. By cooperating, you can ensure everyone is on board and that the implementation is successful. Since your partners will face the same difficulties as you regarding security, integration, migration, and legal concerns, sharing information and expertise is crucial to your success.


Future of SCM and Blockchain Integration

SCM has already started to change due to blockchain technology, but its effects are still being seen. These are some predictions on the future role of blockchain in supply chain management. Increased use of blockchain technology throughout the supply chain is something we should anticipate as more companies become aware of its advantages. Everyone engaged will gain from this integrated and effective ecosystem. Speaking of a networked ecosystem, several supply chains are now using the Internet of Things to trace goods and monitor performance. IoT devices offer more supply chain traceability and transparency when integrated with blockchain technology. In the future, businesses must provide further details regarding their operations’ social and environmental consequences. Because blockchain technology simplifies managing and verifying sustainable behaviors like fair trade, salaries, or ethical practices, it will improve supply chain sustainability. New supply chain business models that capitalize on blockchain technology’s special advantages might develop as the technology develops further. The integration of blockchain technology in supply chain management is evolving quickly. Future developments include integrating blockchain technology with cutting-edge innovations like artificial intelligence, the IoT, and 5G. Better real-time tracking, predictive analytics, and seamless communication are made possible by this confluence. Sustainability and ethical sourcing are also receiving more attention, and blockchain’s openness is essential for confirming and proving sustainable operations. Blockchain lessens dependency on traditional banks by enabling new supply chain financing and smart contract-based payments.


Conclusion

The need for integration between blockchain and supply chain management is driven by the business partners’ and customers’ need to identify the source of their goods and if they are made according to ethical standards. Supply chain management integration with blockchain technology can potentially address issues arising in traditional supply chains. In addition, by digitizing physical assets and maintaining a decentralized, unalterable record of all interactions, businesses may trace things from the point of production to the end of delivery, leading to a more visible and transparent supply chain. Blockchain technology can revolutionize supply chain management with increased transparency, traceability, efficiency, and trustworthiness. Blockchain facilitates improved stakeholder collaboration, operational efficiency, and risk mitigation by offering a decentralized, transparent, and safe ledger for recording and tracking transactions. The credible advantages of blockchain in supply chain management are too significant to be disregarded despite difficulties such as technological complexity, scalability, and regulatory uncertainty. As companies investigate and test blockchain solutions, we may anticipate increased creativity, effectiveness, and resilience in international supply chains. The supply chain management industry has a promising, transparent, and secure future, thanks to blockchain. Because of its decentralization and security, it is the perfect answer for supply chain management, where trust and transparency between various stakeholders are essential elements. However, supply chain and blockchain integration are gaining slow momentum and widespread acceptance due to the high-level expertise and investment needed to enjoy the benefits. Further, as blockchain technology is still in the infant stages, supply networks may be affected by the different rules that regulate it in other countries. Despite this, traditional supply chain networks and methods will eventually give way to blockchain-based solutions.
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Introduction

The administration of supply chains is generally recognized as an essential instrument for cost control and economic performance improvement in current global corporate climate. Still for businesses and the manufacturing sector to succeed in the face of escalating challenges like the growing complexity of supply chains, there is a need for openness, agility task-specific limitations need to be overcome and supply management techniques must modernize in in these sectors (Musigmann et al., 2020). Since the firms that make up the supply chain expand to widely diverse locations, changes in the range of goods and demand present challenges for synchronizing their supply and demand plans (Kamble et al., 2021). Preventing product damage is of utmost importance when sensitive items are being transported from one company to another until they reach their final consumers. Several common problems in traditional supply chain management include items being altered while in transit (Dwivedi et al., 2020). Several huge modern corporations have built authentication mechanisms to safeguard and sustain their worldwide supremacy while also retaining the right to educate its vendors. Besides, companies must depend on and comply with big regulation organizations or middlemen (Helo and Hao, 2019).

Industries continue to be employing technological innovations to optimize supply chain procedures for several years. Initially, Electronic Data Interchange (EDI) was utilized to increase effectiveness in the system for communication among firms. Businesses used EDI connection to obtain advantages like more rapid and effective transmission of information (Chopra and Meindl, 2016), reducing fulfillment of order instances, boosting transportation mobility, and enhancing service to client’s quality. While numerous technological resources are utilized to improve supply chain efficiency today, concerns of openness, adaptability, and trust remain unresolved. It generates supply chains that generate multiple obstacles and challenges with safety, accountability, authentication identification, and assurance (Helo and Hao, 2019). According to the appropriate studies, developing a trust-based environment in supply chains remains a substantial difficulty (Song et al., 2019).

Predicting demand gets increasingly challenging when the lifespan of goods shrink, and manufacturing lead times increase. Therefore, it is vital to establish flexible supply chains capable of reacting swiftly to customer changes (Pournader et al., 2020). Several of its unique properties, such as decentralization, honesty, and confidence, block chain may address the challenges outlined above. The blockchain’s capacity to boost the openness and accountability for the movement of materials will promote its use by suppliers (Song et al., 2019). Blockchain technology may enhance supply chain security, traceability, and efficiency. Furthermore, block chain technology may improve cooperation among network participants, with potential advantages including lower costs and better efficiency. Customers’ trust may also be increased via block chain-based technology, which allows for product traceability at all levels of the supply chain. Furthermore, block chain technology promotes fraud protection, which improves savings in expenses and performance (Lim et al., 2021).

Blockchains are a practical way to monitor assets while ensuring security and data integrity. Numerous studies have investigated the method’s possible uses in manual or process-intensive tasks, such as goods shipping and invoice administration, including handling inventories (Um et al., 2017). Among the benefits of block chain technology is that it reduces expenses by optimizing the exchange of data, which increases the traceability of supply chains. Block chain technology delivers these benefits by improving information exchange and security. Furthermore, block chain technology may develop stronger distribution systems by alleviating the vulnerabilities of different sectors (Queiroz et al., 2019). Due to the causes outlined previously, every company must actively monitor technology and guarantee that it is integrated into company operations. As a result, a new necessity for achieving long-term competitive advantage and adapting to altering economic conditions is to evaluate the employment of digital technology in supply chain activities considering a dynamic market environment.

Adopting a data and information technology-based strategy is critical for Indian enterprises looking to achieve an advantageous position in Turkey’s rising industrial sector and the global market. Growth in technology offers many benefits to organizations, but additionally carries significant hazards. Nevertheless, the most recent writing on block chain for Indian firms has certain flaws. For example, the existing research is primarily philosophical in nature, with very few actual investigations. To our understanding, no research has been undertaken on Indian enterprises to investigate the influence of block chain. The great bulk of this knowledge is absent; hence, we propose that the following research issues be examined:


RQ 1: 

What sorts of links emerge among blockchain technology and supply chain structure?



RQ 2: 

Does blockchain technology enhance the efficiency of supply chains by making them more adaptable, open with one another and trustworthy?



RQ 3: 

What exactly are the potential effects of blockchain technology on supply chain cooperation and cooperation?


To deal with these problems, we proposed a structural equation model that seeks to quantify the effects of block chain technology on several crucial supply chain processes to more fully comprehend Indian enterprises’ present condition. These relationships include confidence, openness, and adaptability. This study will provide us with a better knowledge of the implications of the block chain system on the previously mentioned supply chain dynamics. The second part of the investigation summarizes the relevant literature on block chain technology, its correlations with the variables under investigation, and the development of the investigation hypotheses. The third part goes into the researcher’s choosing procedure, the questionnaire, the data collecting steps, and the analytic methodologies employed in the research. The fourth part shows the analytical results in the form of charts and graphs. The fifth part analyzes the results and the relevant literature. The conclusion summarizes the examination’s implications and limitations and making suggestions for more study.


Literature review and hypothesis development

Nakamoto gave a demonstration of the potential of block chain technology during the summer of 2008. A bit currency chain transfer between participants was carried out by Nakamoto. Thankfully blockchain technology is not limited to cryptocurrency and the banking industry. Numerous features including network security confidentiality and smart contracts are available with blockchain technology (Lu, 2018). A distributed database called block chain holds ever-expanding sets of data known as block. Every transaction in the chain is part of a separate block, and every block is connected to the one before it. Consequently, the concept of block chain has permeated every facet of process (Ghode et al., 2020). A system for keeping track of records is the blockchain. It keeps track of the operations that participants across all system machines share in documentation. A collection of linked blocks with a series of interactions between them makes up a block chain. All the blocks in the block chain carry both their hash value and the hash value of the previous block (called the master block) at the same time. As a result, all the blocks are linked backward to the owner block forming a chain that ends at the original node. A digital signature and a cryptographic hash function protect each exchange in the chain. Through its identity, the following block establishes a connection with the previous block (Pournader et al., 2020). As a result, since several nodes control information about transactions, the potential of modifying them is almost avoided.

Blockchain was originally observed in the world of digital currencies because it was supposed to assist interactions, but it has since outperformed expectations in this sector and is moving into other domains. Regarding the essential aspects of block chain technology, it should be remembered that every node contains an individual hash (hash, check, account, or identity hash) code as well as the preceding transaction’s hash (Meidute-Kavaliauskiene et al., 2021). Real-time databases with self-generated infrastructure operate on an interconnected peer-to-peer the system, completing operations every few moments using computational methods. This kind of authentication does not need the use of third-party verification (Ghode et al., 2020). Authentication in the block chain is decentralized, with nodes connecting to each node. A node is an end user that owns a copy of the block chain and may contribute data to the current block. To sign a transaction on the block chain, each user generates a key that is both public and private (Fornell and Larcker, 1981).

Productive workplaces are often built on trust and information sharing, two critical connections that are closely tied to technological advances. Block chain technology may act as a handy middleman for partnerships among organizations that are not yet formed or operate at high expenses owing to an absence of confidence. Block chain technology may also improve visibility across all supply channels (Kouhizadeh et al., 2021). Block chain technology has altered the way government oversight mechanisms that are operated and updated virtually. In the block chain, data are translated in digital representations and kept in public records, with a better honesty, and the danger of elimination and change is reduced. The block chain’s hidden ability is found in every transaction, reimbursement, and other business and interpersonal actions that involve electronic recording. Block chain technology shifts confidence to algorithmic instructions by prohibiting personal and conventional interactions in validating payments (Yu et al., 2018). In an Internet-based database, making several updates at the same time on various computers removes the potential of competing versions of the same data. Distributed data bases and block chains employ numerous computers for operations and administrative processes that may be evaluated. Finance is generally performed via genuine letters of credit, with middlemen ensuring the movement of funds across the world’s economic system.

Transparency is defined as the most direct and visible flow of knowledge between within and outside the firm. It is the timely and comprehensive release of every transaction-related detail to any interested parties (Choudhary et al., 2021). It additionally remains relevant to how strangers see the functioning mechanism (Sheel and Nath, 2019). In a broad sense, transparency refers to the availability of knowledge in a manner that renders it simpler to observe what operations took place or will soon be done (Moon et al., 2012). Openness is a word that refers to the total visibility of the supply chain (de Giovanni, 2020). Transparency in the supply chain is mostly dependent on knowledge of items that move through it. Companies acquire the capacity to engage strategically with those they serve to obtain visibility (Hair et al., 2016). As a result, they enable the public’s view to knowledge regarding goods, services, finance, and information flow (Goswami et al., 2021). In this manner, input from stakeholders may be encompassed throughout the supply chain to enhance its efficiency and effectiveness. In addition, historical products may be followed throughout the supply chain, allowing for a comprehensive view of current activity. Companies may lessen the volatility of the marketplace by defining basic principles to tackle ecological or social problems via transparency (Manders et al., 2017).

Visibility reduces risk for supply chain participants by enabling entirely monitoring of items in the supply chain (Zelbst et al., 2019). Firms must give clarity to rebuild consumers’ confidence and improve thoughts and perceptions of the maker’s supply chain breaches and grasp its business’s priority and value, as well as whether external factors may affect a good or service (Kamble et al., 2020). Honesty in the supply chain improves client fulfillment and helps businesses by offering superior input, boosting revenue, and developing stronger strategies. This manner, it is known where the items are manufactured, examined, and what method they take to be transported (Helo and Hao, 2019). Openness in the supply chain may make it easier to make voluntary ethical code (formal) commitments. It is stated to be crucial; corporations cannot provide openness across distribution networks since distribution networks are often overlooked (Gold and Heikkurinen, 2018).

Numerous parties have substantial aspirations for the digital ledger such as instantaneous knowledge exchange and openness (Wang et al., 2014). Block chain technology improves privacy by using demonstration of work and a networked database model. Using immediate time distributed exchange of data, stakeholders may detect excellence, the spot, transactional, and routine inputs (Yu et al., 2018). A sequence of connected segments, which can be monitored on the block chain, provide openness and dependability. Each block of data has a unique ID, so the preceding log’s hash is stored in the block chain. The block chain decreases exploitative conduct across vendors, such as information tampering, corruption, fraud, and deceit. The block chain promotes transparency in transactions between vendors, therefore creating and growing confidence (Vacca et al., 2021). Block chain improves manufacturing and interaction openness by establishing an efficient instrument for strategically development and enhancement of connections among suppliers, customers, outsourcing, 3PL, and freelancers (Sheel and Nath, 2019).

Accountability in supply networks, which rely on the usage of block chain technology, is especially critical, since confidence in supply chain players is often low owing to the manufacturing chain’s multitier structure (Moon et al., 2012). By enhancing openness in the supply chain, block chain technology may assist in developing a sense of confidence and credibility. A large-scale block chain solution may entirely overhaul a single network’s reputation administration and identification of fraud systems. The block chain consensus offers a solid platform for shared perspectives and more openness. Creating a decentralized supply chain using block chain technology rather than a centralized one is considerably more effective and open (Kamble et al., 2020). Blockchain enables superior oversight and communication, as well as more logistical accountability, leading to shorter times for delivery. Block chain is compatible with GPS-based automobile tracking equipment. Such devices may contribute information to the block chain, which cannot be erased. Block chain is wonderful for logistics when it comes to vehicle position monitoring since it saves expenses and enhances accuracy (Aslam et al., 2021). Blockchain has huge promise in industrial business. Blockchain could surpass conventional, centralized systems and give favorable results, particularly regarding organizational and financial parameters (Hair et al., 2011). Therefore, the following theory has been established:


Hypothesis H1. 

The implementation of block chain-based technologies exerts a significant influence on transportation credibility.


The business environment that supply chains operate in today is more complex dynamic and unpredictable than it has ever been. Shorter product life cycles have been caused by overzealous customer demands for product variety and changes in demand call for supply chain innovation and adaptation. Continuously adapting to extremely unclear conditions is seen as a significant aspect in business and industry. Adaptability is defined as the capacity to satisfy and adapt to various client demands to obtain an edge over rivals. Authorities can also quickly adjust to changes brought about by inadequate knowledge by utilizing knowledge adaptability (Egels-Zandén et al., 2015). When goods are delivered to retailers on time and in right quantities, a flexible supply chain streamlines the shipment process. It is one of the main defenses against the harsh conditions of the modern world where business dealings are getting more erratic and international. To be flexible means to be able to react and adjust to demand shifts and disruptions throughout the whole supply chain to outperform rivals and satisfy client demands. Increased flexibility is required in the internal supply chains (manufacturing and marketing) as well as the external supply chains (supply and distribution) due to the rapid advancements in technology and the economy (Cho et al., 2018). Firms with versatile logistical systems can adapt quicker in unpredictable conditions, improving their capacity to deliver their goods and services promptly and efficiently (Sheel and Nath, 2019).

In today’s globalized world, rivalry has spread throughout the manufacturing chain, not only between companies. Consequently, those involved in the supply chain must reorganize themselves to balance their organizations’ reactivity to market changes by enhancing their adaptability (Moon et al., 2012). With modern financial climate, companies subcontract portions of their company’s activities to maintain supply chain adaptability, which frequently leads in a loss of oversight and insight over numerous logistical operations. Digital technology will enable observation of networked logistical and transport platforms throughout all phases of products the delivery process, from makers to the final clients (Lee and Özer, 2007). Companies must communicate knowledge easily so that it may be transferred promptly to each enterprise in the chain, allowing for adaptability within the supply chain. Various data are required to guarantee that the chain functions. As a result, knowledge sent between single organizations to another should be useful and accessible to all other participants in the chain of command (Morgan et al., 2018).

The concept of block chain is well-suited to serving consumers since it allows for the monitoring and investigation of orders from manufacturing to delivery, as well as fast adjustments. The programs enabled by block chain systems must be realized at specified system points of connection with the consent of every participant involved. Thus, safeguarding information may be managed for every single supply chain operation (Delic and Eyers, 2020). Block chain technology can improve understanding of the supply chain and facilitate real-time data exchange across the network. As a result, it can help adapt to supply chain plans by decreasing the quantity of participants effected by an interruption (Min, 2019). Block systems may swiftly incorporate all the logistics operations. Block chain technology may enhance demand forecasting and administration, resulting in better supplying and planning for stocks. In addition, the technology of block chains allows any design-related documentation to be exchanged and employed. Inspection papers may be distributed to all parties, allowing for improved choices across the entire value chain (Wang et al., 2014). Consequently, the next theory is now established.


Hypothesis H2. 

Blockchain innovation utilization has a substantial impact on logistical adaptability.


Whenever trade/industry connections grow increasingly complicated in contemporary cultures, businesses in the system might be pushed to collaborate with other enterprises that are unfamiliar with (Kumar et al., 2008). Confidence among enterprises is critical when it comes to the logistic chain’s performance; therefore, optimal communication of data is required to maintain confidence. Each participant in the manufacturing chain desires authority and desires to eliminate ambiguity threats through exchanging knowledge, therefore addressing moral failure to comply, inadequate interaction, and dishonesty (Ghode et al., 2020). To reduce the likelihood of credibility harm happening in the manufacturing process, linkages and risks should be discovered as examined. The first stage in the threat evaluation procedure involves determining suppliers. Later, a distribution network chart depicting the crucial data transfers is constructed. Understanding the traffic (e.g., goods, boxes, money, and paperwork) assists in determining possible obstacles as well as hazard and vulnerability stages, especially prospective breakdowns because of cyber assaults (Ferreira and Meidute-Kavaliauskiene, 2020).

Establishing confidence has been identified as one of those most critical reasons driving the adoption of block chain technologies enabling exchange of data in the logistics network (Zhu et al., 2018). In an encrypted cord, every activity is immediately endorsed, visible, properly verified. Consequently, when every necessary party has approved the deal, it is unable to modify or remove. In terms of accuracy of information as well as protection, it possesses the following characteristics: Increased protection, verification, productivity, and openness for deliveries may be attained by using block chain technology (Dutta et al., 2020). The unit system’s data are unable to be modified; therefore, every supplier network trades along with choice have been tracked and maintained on it. All the chain’s participants are always notified the correctness of those interactions. Furthermore, when enterprises’ operations contribute to contentious company outcomes, industry participants watch them, consider such in their judgments, and change their behavior appropriately before finalizing subsequent contracts (Ante, 2021).

Disputes between consumers and vendors in the distribution chain have a detrimental impact on confidence. If chains of blocks are utilized to store information about the supply chain without mistakes, suitable supply chain participants will have to be kept responsible, and exposure concerns will be rectified. The detrimental impact of competing agendas is going to be reduced, strengthening confidence in supply networks (Pournader et al., 2020). Block chain technology guarantees security that every detail of a transaction is accessible throughout all times irrespective of any location. Each occurrence in the record generates automated evidence for every block’s the past, the spot, and possession on the block chain. Each organization in the block chain technology connection protects the records or ledger’s privacy and honesty since information already put on the network cannot be removed or modified (Rejeb et al., 2021). Precisely a result, an additional safe data procedure will boost consumer confidence and trust in interactions all over the value chain. Business dealings often entail confidential company details; hence, trust and confidence in data exchange are critical for all chain participants. In comparison to accessible block chains, authorization block chains provide greater security, transparency, and efficiency in administration. The block chain technology also ensures confidentiality and privacy. A block chain will prove to be a superior option for managing information since it is more impervious against this kind of assault. The decentralized ledger system of block chain delivers extremely reliable and unchangeable supply chain data (Kouhizadeh et al., 2021). Therefore, the following hypothesis has been established.


Hypothesis H3. 

The use of block chain systems has a tremendous impact on logistics credibility.



Materials and methods

An in-depth study was conducted using information gathered from 94 organizations included in the country Manufacturers Assembly’s top 5000 producing enterprises for 2023. While accumulating feedback, they contacted businesses in different methods and inquired whether they were considering employing block chain technology that was interested to get involved in our research. They were not anticipating the number of participants to be especially huge since block chain remains a currently a popular technology. Due to our conversations, 98 businesses indicated how they employed the equipment and were interested in taking part in the research. We created an online application in November 2022 and gathered data by distributing the form via email to these 98 firms via surveys. Fourteen of the questions we acquired were unsuitable for evaluation, and consequently, we deleted those from the collection of data, leaving our study’s sample of 98 corporations. Despite the limited sample size, we felt that the study group is homogenous regarding industries. Sector-specific details regarding the firms included in the research is presented in Table 5.1, which is based on statements from the companies.


Table 5.1 Sector-specific data


	Sector
	Frequency
	%



	Packaging
	9
	10.7


	Recycling
	1
	1.2


	Pine
	2
	2.4


	Environmental Technologies
	1
	1.2


	Durable Goods
	1
	1.2


	Iron and Steel
	1
	1.2


	Electric–Electronic
	2
	2.4


	Industrial Kitchen
	2
	2.4


	Food
	18
	21.4


	Carpet
	2
	2.4


	Nondurable Goods
	4
	4.8


	Building
	3
	3.6


	Paper
	1
	1.2


	Chemistry
	4
	4.8


	Machine
	2
	2.4


	Printing Press
	2
	2.4


	Furniture
	3
	3.6


	Forest Products
	1
	1.2


	Automotive
	1
	1.2


	Petrochemical
	3
	3.6


	Health
	4
	4.8


	Solar Energy
	1
	1.2


	Textile
	9
	10.7


	Telecommunication
	1
	1.2


	Cleaning
	6
	7.1


	Total
	84
	100


The survey that was utilized during the research is divided into two sections. The primary component comprised queries regarding the socioeconomic backgrounds of the businesses that took part. In the subsequent section, several inquiries as to how that measured block chain technology application (BTA), supply chain openness (SCO), versatility of supply chains (SCF), and faith in supplier (FIS) factors on a one to five questionnaires. In this research, they looked at how adopting the use of block chain technology for production affects logistics versatility, openness, and vendor confidence. We analyzed the data using the Partial Least Squares Structural Equation Modeling (PLS-SEM) approach, which yields reliable findings in such instances; the tiny sample size made it unsuitable for analysis using other techniques. When models include a high variety of constructions and objects, PLS-SEM delivers methods that need minimal measurements. Technically, this is achieved using the PLS-SEM method, which calculates measuring and modeling structural correlations separately each other instead of simultaneously. In short, the approach determines fractional training links across the structural and measurement theories using distinct typical least-squares regression calculations as the name indicates (Hair et al., 2019).


Results

The study’s analysis began with the validation of the accuracy of the test apparatus. By building an evaluation framework to assess the questionnaire’s validity and reliability in the Smart-PLS, the accuracy of internal consistency, converge reliability, and separation validity factors were studied. Composite dependability (CD) indices were used to estimate internal consistency reliability. To investigate convergent reliability, the median variance extractor (MVE) figures that were based on load factors were utilized. It was predicted since the variable weights remained 0.90, the total coefficients of reliability were 0.80, and the reported average variance was 0.60. Cronbach’s α statistic was used to assess the reliability of each scale independently. A ratio with a value of 0.70 shows that the scales have an adequate degree of dependability. Table 5.2 displays the accuracy and reliability outcomes of the evaluation model.



Table 5.2 The accuracy and dependability of measurement models


	Variables
	Items
	α
	
	RHO_A
	CR
	AVE



	Blockchain technology utilization (BTU)
	BTU1
	0.911
	
	
	
	


	BTU2
	0.945
	
	
	
	


	BTU4
	0.83
	0.962
	0.964
	1
	0.834


	BTU5
	0.894
	
	
	
	


	BTU6
	0.979
	
	
	
	


	Supply chain flexibility (SCF)
	SCF1
	0.912
	
	
	
	


	SCF2
	0.967
	0.951
	0.955
	0.9
	0.751


	SCF3
	0.795
	
	
	
	


	SCF4
	0.756
	
	
	
	


	SCF5
	0.747
	
	
	
	


	SCF6
	0.987
	
	
	
	


	Supply chain transparency (SCT)
	SCT2
	0.835
	0.873
	0.885
	0.9
	0.625


	SCT3
	0.629
	
	
	
	


	SCT4
	0.732
	
	
	
	


	SCT5
	0.934
	
	
	
	


	Trust in supplier (TIS)
	TIS1
	0.814
	
	
	
	


	TIS3
	0.879
	0.86
	0.876
	0.9
	0.622


	TIS4
	0.79
	
	
	
	


	TIS5
	0.656
	
	
	
	


Hair et al. (2016) argued that a factor loading of 0.70 is the absolute minimum acceptable level for items to be retained in a measurement model. When the authors found that the average variance extracted (AVE) and the composite reliability (CR) values were okay, they went back and checked the model. They found that some expressions with factor loadings between.40 and.70 were in the model. They deleted those expressions from the model. That is why we do not present the first item of supply chain transparency, the second item of trust in the supplier, the third and seventh items of blockchain technology use, and the first item of trust in the supplier in this study. Factor loadings below 0.708 did not cause the third item of supply chain transparency (SCT3) and the fifth item of supplier trust (TIS5) to be removed from the scale. The reason was that the computed AVE and CR values were higher than the threshold values. Therefore, the scales for SCT and ST trust had CR values that ranged from 0.860 to 0.964, and their AVE values ranged from 0.867 to 0.962. Both scales satisfy the requirements for scale convergence validity. To ensure the scale discriminant validity, we looked at both the Fornell and Larcker criteria and the heterotrait-monotrait ratios (HTMT criteria). Both tests confirmed the scale discriminant validity.

According to Fornell and Larcker, the AVE values have a clear interpretive meaning. The square root of the AVE must be greater than the correlation between two constructs for the two to be considered “different enough” to be labeled as separate constructs. The results shown in Table 5.3 indicate that all three latent variables have at a minimum, the square root of their AVE that is larger than the largest correlation with any of the other latent variables. Findings regarding the HTMT criteria are given in Table 5.4.



Table 5.3 Validity for prejudice for each construct


	
	BTU
	SCF
	SCT
	TIS



	BTU
	0.913
	
	
	


	SCF
	0.422
	0.866
	
	


	SCT
	0.49
	0.502
	0.791
	


	TIS
	0.441
	0.579
	0.592
	0.789




Table 5.4 Discriminant validity (heterotrait-monotrait ratio)


	
	BTU
	SCF
	SCT
	TIS



	BTU
	
	
	
	


	SCF
	0.414
	
	
	


	SCT
	0.482
	0.49
	
	


	TIS
	0.445
	0.589
	0.604
	


The Hensley Ringlet and Sestets provide the HTMT criterion for evaluating the discriminant validity of structural equation modeling (SEM) results. The authors state that “the structures to be measured in SEM should have an HTMT value of no greater than 0.90 if they are theoretically close to one another and no greater than 0.85 if they are theoretically separated from one another.” As shown in Table 5.4, this study’s measures of the variables achieve HTMT coefficients well below these threshold values, indicating strong discriminant validity. Prior to plotting the structural equation model that represents the relationship among the study’s variables, a correlational analysis was performed. The results are displayed in Table 5.5.



Table 5.5 Correlation analysis


	
	Mean
	Std.Dev.
	Skewness
	Kurtosis
	BTU
	SCT
	SCF
	ST



	BTU
	3.2548
	1.16468
	0.578
	−0.573
	1
	
	
	


	SCT
	3.4375
	0.87886
	0.304
	0.002
	0.446
	1
	
	


	SCF
	3.2937
	1.09233
	0.322
	0.782
	0.397
	0.451
	1
	


	TIS
	3.8601
	0.75983
	0.039
	0.568
	0.402
	0.527
	0.542**
	1



*** p< 0.001, ** p < 0.05, * p < 0.10.

Correlation analysis was conducted to examine the significance level and the relationship direction among the variables. Variables had a significant relationship at the 0.01 level, and all went in the same direction, which was the expected direction. Since Hu and Bentler suggested the use of skewness and kurtosis values as part of a distribution normality check for SEM, the authors decided to report those results as well. Both skewness and kurtosis values indicated a normal distribution for the variables used in this study (Figure 5.1).

[image: A diagram illustrating a distributed ledger system across four nodes A, B, C, and D in a blockchain network. Each node has its own ledger containing a list of transactions. The interconnected nodes demonstrate the synchronization of ledgers in a peer to peer blockchain network, emphasizing how transactions propagate across all nodes for consistency and transparency.]
Figure 5.1 Structural equation model.
It is necessary to verify a few additional values that are crucial for assessing the model. The effect size is indicated by the explanatory power (R2) estimation fit (Q2) and F2 value of the model. Coefficients for the research model are provided in Table 5.6.



Table 5.6 Research model coefficients


	Variables
	VIF
	R2
	F2
	Q2



	BTU
	SCF
	1
	0.178
	0.216
	0.223


	SCT
	1
	0.24
	0.317
	0.225


	TIS
	1
	0.194
	0.241
	0.307


Examining the R2 values, it is evident that supply chain flexibility accounts for 27.8% of the use of block chain technology supply chain transparency for 34% and supplier trust for 29%. The structural model as determined by blindfolding analysis could account for the model prediction power for the endogenous variables. The predictive power coefficient (Q2), which shows that the model can predict endogenous variables, was more significant than zero because of the analysis [6] in terms of F2 values. Notably, 0 points 02 is regarded as weak, 0 points 05 as medium, and 0 points 7 and higher as high (Shoaib et al., 2020). The research model yielded a moderate level of F2 values. According to Hair and his colleagues, it is very important to prevent collinearity from happening among the research model’s variables. To do this, we calculated the variance inflation factor (VIF) for each variable and determined that all VIF values were well below the 5.0 threshold. This indicates that there were no collinearity problems among the model’s variables. The results were quite good. The coefficients for the impact of the research model’s variables on the variable to be explained (the dependent variable) were significant. The results are shown in Table 5.7.



Table 5.7 Research model coefficients


	Variables
	β
	Standard Dev.
	T Stat.
	p-Values
	Conf. Int.



	BTU-->SCF
	0.42
	0.116
	3.595
	0
	0.182–0.634


	BTU -->SCT
	0.496
	0.097
	5.029
	0
	0.296–0.677


	BTU -->TIS
	0.447
	0.103
	4.296
	0
	0.224–0.636


The analysis showed that the appearance of blockchain technology in our project dramatically affects how our partners see us in terms of transparency and trust. Our project was viewed as a significant boost to transparency and supply chain trust by three of our partners (two of whom are part of the governance layer of our consortium). The significance of this effect was borne out in fact by the T values (which compare zero to the upper confidence limit) and the clear “yes” outcomes for our H1, H2, and H3 hypotheses.


Discussion

Companies first attempt to plan how they can handle risks and uncertainty in all aspects of their operations. Additionally, because of their knowledge they know what new chances they can take advantage of. Companies that can strategically plan their operating cycles to achieve maximum consistency in the market are able to foresee potential negative outcomes and take proactive measures to maintain a sustainable competitive advantage. Thus, information importance to a business cannot be disputed. Currently, block chain technology is viewed as a chance to store data and information in a more cost-effective security system and process them more efficiently. Data and information are some of the most valuable assets of businesses. The notable rise in interconnectedness attributed to digital technologies has the potential to enhance collaboration and amalgamation within supply chains. Preserving this commitment from malevolent attempts is another matter entirely. Our research was motivated by the notion that companies can benefit from block chain technology. To conduct a more efficient supply chain process, it is essential to have transparency flexibility and trust. We wanted to find out how new information technologies would impact these factors. The degree of cooperation and integration in supply chains is expected to rise because of these dynamics. Greater mutual trust among supply chain participants facilitates increased information sharing which in turn creates a more transparent supply chain and improves integration. There is potential for increased cooperation which could lead to an increase in supply chain flexibility. This study’s first conclusion was that supply chain transparency would rise with the use of blockchain technology. The results in the literature (Lohmer et al., 2020) and this finding agree. One of the most important issues in supply chains for strong and efficient cooperation and integration is transparency. According to published research, supply chains can benefit from proactive communication and cooperation (Qian and Papadonikolaki, 2020), which gives customers visibility into the flow of products (Azzi et al., 2019). Feedback from stakeholders is thus more successfully incorporated into the chain.

Companies can conduct more successful open-innovation initiatives by involving stakeholders more in the processes (Xia and Yongjun, 2017). Simultaneously, openness can help businesses enhance their customer-focused product design methods. Increasing the effectiveness of product design procedures gives businesses a long-term competitive edge (Lee and Özer, 2007). As a result, businesses ought to leverage blockchain technology to improve supply chain transparency. Second, we discovered that supply chain flexibility is increased by block chain technology. Supply chains with greater flexibility are better able to address unstable and uncertain environments (Hansen and Hill, 1989) and better satisfy customer demands. Block chain technology will allow for the sharing of real-time data in supply chains (Di Vaio and Varriale, 2020).

To quickly integrate all supply chain processes, block chains are being used because the business environment is more complex than ever. Increasing the efficiency of decision-making processes can benefit a company’s sustainability particularly demand forecasting inventory management and key performance indicator determination (Musigmann et al., 2020). The third research finding demonstrated that supply chains can benefit from the use of block chain technology as a means of fostering trust. The success of supply chains depends on interfirm trust (Ghode et al., 2020) because high levels of information sharing (Queiroz et al., 2019) and mutual trust are necessary for effective collaboration that improves sustainability performance. Companies must gain trust based on trust particularly in outsourcing situations like third-party logistics (3PL).


Conclusion

This chapter demonstrates how blockchain technology and Explainable Artificial Intelligence (XAI) can transform SCM by addressing critical challenges such as transparency, flexibility, and trust among stakeholders. Blockchain’s inherent features, such as decentralization, immutability, and secure data sharing, combined with XAI’s ability to enhance decision-making through interpretability, enable businesses to create more resilient and efficient supply chains. The findings from this study underscore the significant benefits of integrating these technologies, such as improved real-time data sharing, fraud reduction, and enhanced collaboration, which are essential for navigating the complexities of modern global markets. However, the implementation of blockchain and XAI in SCM also presents challenges, including scalability, cost, and stakeholder alignment, which must be addressed for widespread adoption. This chapter provides a comprehensive framework and insights into overcoming these barriers, emphasizing the importance of human-centric approaches and continuous technological innovation. By leveraging blockchain and XAI effectively, businesses can achieve sustainable competitive advantages and adapt to the dynamic demands of the global economy. Future research should focus on expanding the scalability of these technologies and exploring their long-term impact across various supply chain contexts.
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Introduction

The supply chain is the network of tasks involved in supply chain management (SCM). According to Sanders (2020), SCM refers to the efficient and smooth movement of products, services, and data from their point of origin to their final destination. Planning, executing, and controlling are just a few of the many tasks it encompasses that are essential to the effective procurement, manufacturing, and delivery of goods and services from the producer to the end user. SCM is crucial for enhancing a company’s productivity and competitiveness since it streamlines processes and increases customer satisfaction.

The SCM environment has gradually changed in recent years, moving away from the conventional linear model and toward digital technology with complex networks that span continents and link numerous stakeholders. According to Kadam et al. (2017), the conventional supply chain model emphasizes operational effectiveness and cost reduction through the methodical movement of items and information. The traditional supply chain also saw the introduction of Transportation Management Systems (TMS), Warehouse Management Systems (WMS), and Enterprise Resource Planning (ERP) systems. Instead of focusing on a holistic integration, this process emphasizes the steps involved in reducing costs and improving operational efficiency. As opposed to the conventional supply chain, supply management activities now require a higher level of efficiency, transparency, and competitiveness, which has made the change necessary (Saberi et al., 2019). SCM has entered a new era, but Industry 4.0, which is marked by fast digitalization and corporate globalization, has also had a big impact (Fallahpour et al., 2021). The issues of traceability, transparency, and resilience have increased with this change and the interconnectedness of the globalized globe. According to Tan (2002), there are several obstacles to the traditional SCM strategy, including a lack of real-time visibility and collaboration. These obstacles make it more difficult to make decisions and respond quickly to disruptions, which eventually increases risks and adds to inefficiencies. Additionally, the traditional approach has been noted to focus on time and speed and lacks sustainability (Kadam et al., 2017).

Modern supply chain operations are built on addressing the shortcomings of traditional supply chain methods, with a discernible trend toward the integration of digital technologies and creative approaches like environmentally friendly and sustainable SCM. A progressive change has been made to address the shortcomings of conventional methods and adjust to the complexity of the contemporary corporate environment with the transition from physical asset management to an information-intensive supply chain strategy (Mugurusi & Oluka, 2021). Because of this, the need for increasingly sophisticated, cutting-edge methods like blockchain and artificial intelligence (AI) to further the goals of modern supply chains has grown. Numerous writers have investigated and proposed the integration of other cutting-edge technologies, including blockchain technology, into SCM; but, in doing so, they have all encountered issues with traceability and explainability (Azzi et al., 2019; Queiroz et al., 2020). According to several studies (Ko et al., 2018; Cole et al., 2019: Hoek, 2020; Charles et al., 2023), explainable artificial intelligence (XAI) has a promising future for improving modern SCM and enhancing profitability, transparency, traceability, product quality measurement, anti-counterfeiting measures, authentication procedures, and security within the supply chains. These cutting-edge technologies, as Kumar et al. (2023) noted, can have a significant impact and offer advantages including better decision-making, more operational resilience, and improved traceability.

Therefore, it will be crucial to explain how potentially developing technologies like AI could progress the supply chain. Likewise, this chapter presents the revolutionary potential of merging two state-of-the-art technologies, XAI and blockchain, to solve problems and improve SCM. Specifically, the key objectives of this chapter are to:


	Explain the concept and process of supply chain and SCM.

	Describe the fundamental principles and components of blockchain technology and XAI.

	Examine the synergistic relationship between blockchain and XAI to enhance supply chain transparency, traceability, and accountability.

	Examine the potential future developments, applications, and challenges associated with the adoption of blockchain and XAI in SCM.


This data-driven approach not only optimizes resource utilization but also facilitates proactive risk management, allowing businesses to respond swiftly to disruptions or changing market conditions.


Understanding Supply Chain and Supply Chain Management

The supply chain network is characterized by the system of organization, people, activities, information, and resources that permeates sourcing, procuring, conversion, and all the logistics involved in supplying goods and services from the manufacturer to the final consumer (Sanders, 2020). SCM on the other hand is the strategic coordination and optimization of these interconnected activities to ensure the smooth flow of goods and services from manufacturer to the satisfaction or demand of end users. In most cases, the supply chain network involves at least the following components: the supplier, manufacturer, distributors/ wholesalers, retailers, and final consumer and are the actors involved in a simple supply chain model as illustrated in Figure 6.1.

[image: A supply chain flow diagram showing the movement of goods and information between stakeholders. It begins with suppliers at the top and bottom, indicating multiple suppliers, arrows converge at manufacturers, and the flow continues sequentially to distributors, retailers, and finally to customers. The diagram visually represents the hierarchical and interconnected nature of supply chain processes.]
Figure 6.1 A simple supply chain conceptual model.
The flow in the supply chain starts with the suppliers who supply raw materials, components, or services needed to produce a product. The manufacturers then transform the supplied raw materials or components into finished products, frequently involving various production processes and quality control measures. Then, after the finished products have been made, they are shipped to different distribution centers or wholesalers. The retailer acquires the products from the distributors and makes them available to the final consumers who derive satisfaction from the products (Sanders, 2020). In this simple flow, there is the flow of information, products, and funds between the key stakeholders involved in the supply chain process. In the Industry 4.0 supply chain, there is a robust and extended network that includes some other actors or activities involved in the supply chain processes: the supplier, manufacturer, warehouse or distribution centers, logistics and transportation, wholesalers’ retailers, and final consumers or end users. In the Industry 4.0 supply chain, a strong and extensive network encompasses various key participants and activities involved in supply chain processes. These include suppliers, manufacturers, warehouses or distribution centers, logistics and transportation providers, wholesalers, retailers, and end consumers, all contributing to the overall system.


Understanding Blockchain Technology

The novelty of the concept of blockchain technology has made the idea face the issue of consensual definition. However, its origin has been linked to cryptocurrencies like bitcoin (Nakamoto, 2008; Wattenhofer, 2016). Blockchain technology is a cutting-edge decentralized system that maintains a continuously growing set of records, protected by cryptographic methods, to guarantee their permanence and protection against unauthorized changes (Hofman et al., 2019). Conte de Leon et al. (2017) presented an alternative description of blockchain technology operating as a decentralized and distributed digital ledger, recording transactions securely and transparently across multiple computers. All information stored there is permanent and cannot be changed. Each blockchain transaction is stored in a “block” and added to a chain of previous transactions, hence the name “blockchain.” The header in Figure 6.2 differentiates each block in the blockchain, while the previous block hash links the block together using hash functions. The timestamp records the specific time or date of digital document creation for unique identification. Nonce serves as proof of work within the block, and the Merkel root securely stores all transactions by creating a digital fingerprint of the entire transaction. This system allows users to confirm the inclusion of a transaction in a block.

[image: A schematic representation of a blockchain structure showing three blocks, Block n 1, Block n, and Block n plus 1, connected sequentially by chains. Each block contains a header, previous block address, timestamp, nonce, and Markel root. Arrows indicate the flow of data between blocks, emphasizing the integrity and linkage of information in a blockchain system. This visualization highlights the key components and interconnectivity of blockchain technology.]
Figure 6.2 The building block of blockchain technology.
Conte de Leon et al. (2017) posited that the blockchain process utilizes a logbook approach and possesses four key attributes: i). Ordered ii). Incremental iii). Sound (with cryptographic verification up to a specific block), and iv). Digital. Each of these blocks contains components which are a collection of messages or transactions that are grouped known as block-data. For the ordered attributes, transactions are recorded in specific order forming a chronological change of blocks, of which each block contains a list of transactions which are then linked together in a linear sequence. The incremental allows that once a block is added to the chain, it becomes a permanent part of the blockchain and cannot be altered or removed and gives room for blockchain increment while preserving the historical record of all previous transactions. Sounds ensures that any alteration made to previous blocks invalidates all subsequent blocks making the blockchain tampered evident. Transactions are recorded electronically and stored, the digital nature enables the fast, efficient, and secure transfer of data and value across blockchain without the limitations and inefficiencies associated with paper-based systems (Conte de Leon et al., 2017). This groundbreaking blockchain technology enables the safe and unchangeable storage of data, enabling peer-to-peer transactions without intermediaries (Marsal-Llacuna, 2018). Due to its widespread usefulness, it has extended beyond digital currencies to various industries such as finance, healthcare, SCM, education, and more (Jović et al., 2020; Agbo et al., 2019; Younas and Al Wahaibi, 2023). The usefulness of blockchain technology is clear in its ability to transform multiple areas, such as innovation systems, access control management, traceability frameworks, energy infrastructures, and social networks (Rahman et al., 2020; Dietrich et al., 2023; Huang et al., 2020). This chapter will provide a deeper understanding of blockchain’s components within the realm of SCM.

A comprehensive understanding of the fundamental principles and key components of blockchain technology is crucial for fully appreciating its innovative potential. Blockchain technology is formed by connecting blocks in a sequence, allowing for the transparent and trustworthy tracking of transaction history with each block having a unique identifier of hash from the previous block, ensuring the security of transactions (Khan & Salah, 2018). All transactions are validated and recorded by users in the network, timestamped, arranged in chronological order, and permanently linked to the previous block. Once transactions are added to the network, they cannot be reversed. The unchangeable nature of blockchain makes it a reliable technology that can be relied upon (Queiroz et al., 2020).

The unique characteristics of blockchain that make it unmatched and highly promising for SCM are but not limited to:


	Cryptography: Cryptographic techniques are used to ensure the integrity, authenticity, immutability, and integrity of blockchain ledgers as a safeguard against potential malicious behavior, even from an authenticated node (Christidis & Devetsikiotis, 2016). The hash function and digital signatures secure transactions and verify all previous changes made to the block in the chain providing a tamper-proof trail. The main purpose of the root hash is to detect data tampering and validate transactions efficiently. To verify any transaction, there is a thorough examination of the hash tree path linked to the specific transaction in question, allowing for immediate detection of any alterations made to that transaction (Dinh et al., 2017).

	Decentralization/P2P: Unlike traditional centralized databases, data stored on blockchain operates on a network where data is spread across multiple nodes or systems, eliminating the need for a central authority, intermediary, or third party. A peer-to-peer (P2P) method allows each party to act as both—the client and the server. What this technically means is that every member owns a copy of the ledger once the network is formed, which can be used to store and share information without the need for an intermediary (Lin, 2023).

	Immutability or Consensus Mechanisms: A consensus is an agreement that helps decentralized networks to authenticate and validate a value or a transaction that is characterized by integrity, authentication, and decentralized governance (Seibold and Samman, 2016; Azzi et al., 2019). Well-known consensus algorithms like Proof-of-Work (PoW) and Proof-of-Stake (PoS) ensure that all nodes agree on the state of the ledger, preventing double-spending and maintaining data integrity.

	Transparency: Another core feature of blockchain technology is hinged on transparency which allows all transaction records to be viewed by any member of the public through nodes like Blockchain Explorer. Through this, there will be no room to hide data as data is subject to scrutiny by the public (Lin, 2023).

	Distributed Ledger: In the blockchain network, every node maintains a copy of the ledger, which contains an unchangeable record of all transactions. This distributed nature ensures transparency and eliminates the possibility of data manipulation.

	Smart contract: The process of creating smart contracts involves converting the terms of a contract into code, which is then integrated into software or hardware. A smart contract enables the automatic enforcement of a specific set of rules encoded in a blockchain contract. These rules are activated automatically when the conditions outlined in the contract are met. This system helps lower transaction costs and reduces the likelihood of unintentional errors or fraudulent actions during execution. By fulfilling traditional contractual requirements, such as payment terms or confidentiality agreements, the need for trusted intermediaries is greatly reduced (Bocek and Stiller, 2017).


Blockchain technology has emerged as a game-changing innovation across various industries and it is useful in demonstrating its vast capabilities in the field of SCM. The decentralized, tamper-proof, and secure characteristics of blockchain offer a wide range of advantages that could revolutionize the way supply chains are managed some of which are:


	Enhancing Transparency and Traceability: The discussion surrounding the incorporation of blockchain technology into SCM has led to a transformation of the conventional relationship model, emphasizing transparency and traceability within the supply chain process through the utilization of smart contracts (Queiroz et al., 2020). Blockchain technology ensures that all participants in the network have access to the same information. This can help to reduce fraud eliminate unethical behavior in the supply chain process and improve trust between parties.

	Smart Contract for Process Automation: Smart contracts which are self-executing codes deployed on blockchain, one of the key features of blockchain, can be used to automate processes in the supply chain such as orders, shipment releases, payment, and more based on pre-defined rules. Once the conditions are met, the next actions are automatically triggered reducing delays and errors from manual intervention.

	Product Tracking: The supply chain framework over time has been faced with the issue of traceability of goods from the manufacturer to the final consumer. With blockchain technology, product tracking will be made possible, risk will be reduced in terms of counterfeit goods, paperwork will be reduced, and ultimately customer value will be delivered (Van Kralingnen, 2016; Azzi et al., 2019). For example, every product can be assigned a unique digital identity or QR on the blockchain from the raw material source and as the product moves through the supply chain process, all actions and transactions are recorded aiding traceability and tracking of the product from each step (procurement, manufacturing, logistics, and others).

	Contract Management: Blockchain can enable self-executing contract agreements between buyer and seller. This contract agreement can easily be written directly into lines of code and can be further automated to reduce the risks of disputes. For example, a blockchain-based system can be designed to manage product shipping contracts, which could reduce the time it takes to process a contract from days to minutes.

	Product Transparency and Cost Efficiency: The implementation of blockchain enhances product visibility through the supply chain and mitigates the risk of fraud. The use of smart contracts can reduce computational costs, transaction costs, energy costs, and goods costs (Jabbar & Dani, 2020). For example, a blockchain-based framework can be utilized to track product movements, providing real-time updates on the status of goods.

	Strengthening Data Security and Authenticity: The immutable nature of blockchain technology safeguards the security and provenance of assets by ensuring that authorized transactions are permanently recorded and resistant to modification. Transactions are validated through a consensus mechanism, which bolsters the permanence of the records. Duan et al. (2024) posited that this feature significantly diminishes the likelihood of cyber threats and data breaches, consequently preserving the integrity of the blockchain and fostering a reliable and transparent system for tracking and verifying asset ownership.



Why and What of Explainable AI?

Having established that supply chain transparency can be greatly enhanced by blockchain technology, there are still several obstacles that need to be overcome before it can be put into practice. For example, while decentralized blockchain technology has its advantages, it can also cause scaling problems. Moreover, situations when data needs to be changed may present difficulties due to the immutable nature of blockchain records, which guarantees data integrity. The supply chain framework needs explainability and interpretation because, despite all of the benefits that blockchain technology offers, non-technical stakeholders find it difficult to fully comprehend and trust the processes involved due to the system’s complexity (Garcez and Lamb, 2023; Arrieta et al., 2020). With that, XAI becomes prominent in addressing human needs in technology adoption. XAI, also regarded as trustworthy AI (TAI) within the realm of machine learning (ML), pertains to the specific information and justifications provided by a model to elucidate or simplify its operations (Arrieta et al., 2020). It pertains to the capacity of an AI system to furnish explanations that are less comprehensible to humans regarding its decisions and conduct. Sophisticated AI models only hold value if they are manually evaluated or can be understood by professionals, thus making them applicable to real-world problems (Min, 2010; Baryannis et al., 2019). The concept of XAI has gained considerable attention due to its approach to addressing unresolved research questions and issues of acceptance within the field of AI. This heightened interest is primarily driven by the increasing demand for interpretability, transparency, and dependable predictions across various decision-making contexts, such as ML, AI, expert systems (ES), SCM, and deep learning (DL). The lack of clarity surrounding the decisions made by these systems has become an escalating concern over time by different authors (Arrieta et al., 2020; Preece et al., 2018; Gunning, 2017). The increased demand for ethical AI also made humans hesitant to embrace methods that lack direct interpretability, tractability, and trustworthiness, bringing about a need for a model with the consideration of more interpretability, transparency, explainability, and accurate prediction—a basis on which XAI is hinged (Garcez and Lamb, 2023; Arrieta et al., 2020). Explainability helps identify biases, mistakes, or unexpected results, enabling the implementation of necessary corrective actions (Doshi-Velez & Kortz, 2017). Phillips et al. (2020) outline that for AI to be considered XAI, it must adhere to key principles such as explainability, meaningfulness, accuracy, and knowledge limitations. Without explainability, individuals may struggle to understand and trust the decisions made by AI systems, which could lead to hesitance or resistance to their use. XAI creates ML techniques that not only produce models that are easier to understand but also maintain a high level of accuracy in making predictions and enable humans to understand, trust, and effectively work with the upcoming generation of artificially intelligent collaborators (Gunning, 2017; Arrieta et al., 2020). However, this also raises important questions like how can we ensure that the explanation provided by XAI is accessible to all stakeholders? What are the potential risks of making the AI decision process more transparent particularly in a competitive business environment? How can the need for explainability impact the efficiency gained by AI and blockchain integration? By investigating these questions, we can begin to envision a supply chain ecosystem that improves efficiency and security while fostering transparency and trust. It is also important to keep in mind that explainability goes beyond just technical challenges; it involves the interaction of psychological elements, user experience design, and regulatory factors.


Common XAI Techniques and Application of XAI to Supply Chain

AI is becoming increasingly more complex and globalized, and it is now being deployed to high-stakes domains like the supply chain which has brought about a growing need for transparency, accountability, and explainability, especially in the digital-driven supply chain framework of moving goods and materials to attain optimization. The lack of explainability has been the major bane for the SCM decision as posed by previous studies (Min, 2010; Baryannis et al., 2019). That has led the decision support system of the supply chain to shift away from being a computer-based decision-making system to a more flexible approach that can adjust itself and respond to the constantly changing and unpredictable nature of the supply chain (Bochtis et al., 2012). XAI’s goal is to create ML techniques that are not only easier to understand but also maintain accuracy and the right predictions. Decisions involved in the supply chain operations, which are driven by blockchain, and AI systems can be opaque and difficult to understand leading to potential issues of trust, accountability, and bias. XAI can leverage this challenge by providing human-understandable explanations for the decisions and outputs of AI systems. Various methods have been presented in academic research (Stiglic et al., 2020; Arya et al., 2019) to evaluate the explainability model which differs significantly based on the components of the method thereby causing overlapping of classification.

Nonetheless, due to the limited amount of research conducted on the application of XAI in the context of the supply chain, scholars have primarily focused on highlighting the capabilities and potential performance enhancements that XAI can offer to the supply chain domain, rather than delving into the specifics of explaining the output or decision-making process. Nimmy et al. (2022) emphasized the importance of operational risk management and recommended that risk managers utilize techniques that aid in comprehending their decision-making processes. Kosasih et al. (2024) provided a comprehensive literature review of SCM with XAI and how the neurosymbolic approach can be applied in the context of the supply chain. Kodasasih proposed five pillars and used cases for typical SCM problems. Mugurusi and Oluka (2021) argued that XAI remains underdeveloped and inadequately explored within the AI for SCM literature, among others. Since there has been no harmonized classification of XAI to the supply chain, a focus on capabilities and potential performance enhancements that XAI can offer to the supply chain domain will be considered. Specifically, some of the benefits of and areas of application of XAI to the supply chain include:


	Explainability in the Decision Support System: Improved explainability in the supply chain can increase the use of the Decision Support System (DSS) through integrating XAI, which combines both qualitative and quantitative analysis. Through that, human cognitive abilities can be mimicked within the system and the replication of intelligence can greatly improve decision-making in SCM (Olan et al., 2022).

	Database knowledge representation: Traditional supply chain data is often structured in tables and stored in different relational databases. While this arrangement may be suitable for simple data analysis tasks, it is less effective as data continues to grow. For instance, to effectively manage inventory, supply chain strategists need immediate access to real-time information from demand forecasting, supplier identification, risk management, and performance evaluation (Kosasih et al., 2024).

	Previous Knowledge Integration: Although ML models are trained without human intervention and are cost-effective, they often rely on large amounts of data that may not always be accessible. The models can unintentionally incorporate biases from the data, potentially leading to discrimination. Von Rueden et al. (2021) posited that the inclusion of prior domain expert knowledge in the XAI model can help eliminate bias and discrimination through a set of input rule templates in the neural network.

	Trust and transparency: Offering clear justifications for AI decisions in SCM—such as those concerning demand forecasting, inventory management, or route optimization—helps stakeholders, including suppliers, manufacturers, logistics providers, and consumers, to understand the reasoning behind these decisions. This transparency fosters trust in AI systems and the overall supply chain processes, encouraging collaboration and information sharing among various parties.

	Accountability and compliance: XAI is essential for ensuring accountability in supply chain operations by helping identify potential biases, errors, or unintended consequences arising from AI-driven decisions. This is particularly important in industries with strict regulations, like pharmaceuticals and food production, where compliance with safety and quality standards is critical. Having a clear explanation, organizations can quickly implement corrective actions and conduct audits more effectively.

	Traceability and root cause analysis: Combining the immutable record-keeping of blockchain technology with XAI enables thorough traceability of products and materials throughout the supply chain. When issues arise, such as quality defects or delays, the rationale behind AI-driven decisions can be examined to identify root causes and facilitate targeted improvements.

	Ethical and sustainable practices: XAI can help ensure that supply chain decisions align with ethical and sustainability standards. Having an understanding of the reasoning behind AI-driven choices, stakeholders can assess whether factors like environmental impact, labor practices, and social responsibility have been sufficiently considered.

	Continuous improvement: The insights gained from XAI can be leveraged to refine AI models. Analyzing the explanations and their related outcomes, data scientists and supply chain professionals can identify areas for enhancement.



Synergizing Blockchain and XAI for Supply Chain Enhancement

Synergizing the blockchain and XAI model brings unique attributes and a significant leap forward of advanced technologies into the supply chain flow and excellent supply chain output. The integration of blockchain’s immutable record-keeping with the clarity provided by XAI has the potential to revolutionize SCM. The relationship between blockchain technology and XAI in SCM is multifaceted. Blockchain acts as a dependable data foundation that underpins the operation of XAI models. Each input that the AI system processes can be traced back to its origin on the blockchain, ensuring the data’s integrity and reliability. At the same time, XAI clarifies how this data is interpreted and utilized, thereby enhancing the overall transparency and accountability of the process. For instance, if an AI system recommends a significant change in inventory levels, XAI can explain its reasoning, potentially citing recent customer demand trends recorded on the blockchain, fluctuations in supplier reliability, or expected market shifts. This transparency, coupled with the assurance that the underlying data is secure and immutable due to blockchain technology, enables decision-makers to act with greater confidence. Moreover, this synergy promotes the creation of more sophisticated smart contracts within the blockchain ecosystem. These contracts can incorporate AI-driven decision-making processes while ensuring that the rationale behind each decision is clear and auditable. For example, a smart contract might automatically adjust order quantities based on AI predictions, with the justification for each change thoroughly documented and linked to blockchain-verified data points. Additionally, the integration of blockchain and XAI could significantly enhance regulatory compliance and ethical considerations in SCM. As regulations surrounding AI accountability and data privacy become more stringent, the ability to provide transparent explanations for AI-driven decisions and maintain an unalterable audit trail becomes crucial. This is particularly important in industries with complex regulatory environments, such as pharmaceuticals and food production.

Through the utilization of blockchain technology, an immutable distributed ledger can be used for recording all data exchanges and transactions across the supply chain network. The cryptographic nature of the blockchain ensures that every piece of information or data shared on the blockchain remains tamper-proof and transparent, thereby enhancing trust among supply chain participants and combating product counterfeiting and safeguarding brand identity (Zhang et al., 2022; Wang et al., 2019; Vikaliana et al., 2021). The AI and ML of XAI can be used for demand forecasting, optimizing inventory, and risk analysis in the supply chain framework. The explainability technique interprets the supply chain output offering insights into demand influencers, inventory optimization strategies, and risk assessment outcomes (Xiao et al., 2022). The feature of blockchain smart contracts facilitates the secured and automated sharing of data between permissioned parties based on pre-defined rules. This enables trusted data provenance and end-to-end traceability of products, materials, and associated records. The integration of blockchain and XAI also paves the way for enhanced collaboration and information sharing among supply chain partners. The decentralized nature of blockchain allows stakeholders to securely share data and insights on the supply chain network, enabling more informed decision-making and fostering a culture of continuous improvement. XAI fairness and features allow human experts to scrutinize the AI model’s reasoning, verify its fairness, and validate compliance. This synergy fosters accountability by pinpointing entities responsible for each process and decision point. It enables evidence-based process improvements and risk mitigation strategies, and builds trust among supply chain partners.


Potential Use Case of XAI-Backed Blockchain in Supply Chain

XAI has been utilized in a range of industries to improve diagnostic and decision-making tools used by humans. These sectors include education, healthcare, telecommunications, banking, manufacturing, technology, and insurance, among others (Nagahisarchoghaei et al., 2023). This section will focus on the potential ways in which XAI-backed blockchain technology could be used in supply chain decision-making. Using XAI explanations, the origin of products can be traced to guarantee quality and adherence to regulations during production. Blockchain technology in quick succession could track shipments, while interpretable models explain AI-optimized routing decisions. Supply chain assets can receive predictive maintenance using explainable prognostic models fueled by sensor data stored on the blockchain. Supply chain assets, such as machinery and vehicles, can benefit from predictive maintenance to prevent unexpected breakdowns. Explainable prognostic models, powered by AI and fueled by sensor data, can forecast when maintenance is needed and their data can be securely stored on the blockchain, ensuring its integrity and availability for maintenance scheduling (Radmanesh et al., 2023). The selection of suppliers can be fair and unbiased through the use of AI vendor assessment models audited by blockchain, providing transparent explanations.

Also, through these technologies, the supply chain framework can unlock a host of benefits overriding the limitations of traditional approaches. For instance, AI models can be trained on the vast amounts of data generated across the supply chain, enabling predictive analytics, optimized routing, and real-time demand forecasting. However, the inherent “black-box” nature of many AI models can raise concerns about their decision-making processes and the potential for biases or errors (Park & Li, 2021). XAI comes into play by providing clear and understandable explanations for the AI models’ predictions and decisions, stakeholders can gain valuable insights into the underlying factors and rationale for better decision-making, risk mitigation, and regulatory compliance (Olan et al., 2022). Also, by integrating the two technologies, every decision made by the AI models, along with the corresponding explanations, can be recorded on the blockchain, creating an unalterable trail of decision-making processes. This level of transparency and accountability can be invaluable in industries where product recalls, regulatory audits, and stakeholder trust are paramount. In a bid to maintain the potential of supply chain integrity, AI vendor assessment models can evaluate potential suppliers objectively. When these models are audited by blockchain technology, they provide transparent explanations for their choices, ensuring a fair and unbiased selection process. As these technologies continue to advance, they are anticipated to become crucial components of modern SCM, driving innovation, and fostering trust among all stakeholders.


Challenges and Considerations for Advanced Blockchain and XAI to Supply Chain

The combination of blockchain technology and XAI presents a promising approach to enhancing transparency, traceability, and accountability in supply chain operations. However, these innovative integrations are not without challenges. The challenges have been identified by several authors and here are some possible ways they could be addressed to ensure successful implementation and long-term success will be highlighted in this section. Some of the potential challenges identified are as follows.


	Scalability and performance: Scalability issues can arise in blockchain networks when handling large volumes of transactions and data, especially in complex supply chains with multiple stakeholders and frequent transactions. Additionally, the computational demands of executing XAI models and generating explanations can impact performance, particularly in time-sensitive supply chain decisions. Techniques like sharding, off-chain computations, and improved XAI algorithms have been suggested by Yu et al. (2021) to ensure scalability and efficiency.

	Data quality and standardization: In a supply chain framework with diverse data sources and formats, maintaining data quality and standardization can be difficult. The quality and consistency of input data greatly impact the reliability and interpretability of XAI models. However, to address this challenge, it is crucial to implement data standards and governance frameworks that cover the entire supply chain network. This will help ensure that the input data for XAI models is dependable and uniform, leading to the generation of accurate and meaningful explanations.

	Integration and interoperability: The integration and interoperability of blockchain and XAI technologies pose significant challenges to their effective implementation and widespread acceptance within traditional supply chain systems, such as Enterprise Resource Planning (ERP), Warehouse Management Systems (WMS), and Transportation Management Systems (TMS). Researchers (Huang et al., 2015; Toyoda et al., 2017) have raised concerns about the risks of cloning and compromising product tracking tags, which could mislead consumers and endanger their safety. Therefore, it is essential to establish seamless data exchange and ensure compatibility among these systems to facilitate their efficient use.

	Regulatory and legal considerations: Supply chains frequently function across various regions and sectors, each governed by distinct regulations and legal frameworks. Francisco and Swanson (2018) noted that the integration of blockchain and XAI technologies necessitates careful consideration of challenges to data privacy, intellectual property rights, and adherence to regulations that are specific to both location and industry.

	Human–AI collaboration and trust: The fundamental elements of XAI consist of the collaboration between humans and AI, as well as building trust in AI systems. Nonetheless, concerns and resistance from stakeholders in the supply chain, particularly in important decision-making scenarios, may endure. As suggested by Dora et al. (2022), effective change management strategies, comprehensive training, and prioritized user experience design could encourage cooperation between humans and AI.

	Ethical and fairness considerations: The ability to identify biases, fairness, and ethical considerations are the qualities that the XAI possesses. Nevertheless, it is important to recognize the potential for unintentionally introducing fresh biases or ethical issues while developing and generating explanations for the model. To ensure fairness and maintain ethical decision-making, it is crucial to consistently monitor, assess, and modify both the XAI models and blockchain systems.



Future Research Directions

Looking to the future, there are possibilities for more advanced supply chain innovations. We might see the emergence of autonomous supply chains, where AI agents make decisions and execute transactions on the blockchain with minimal human intervention, all while providing clear explanations for their actions. Or we could witness the development of predictive maintenance systems that combine Internet of Things (IoT) sensor data stored on the blockchain with XAI models to anticipate and prevent equipment failures. Here are some ways in which the integration of XAI and blockchain technology could open more opportunities in the future.


	Reinforcement of operational domain: XAI and blockchain have the potential to be incorporated into various operational domains, including but not limited to (1) scheduling, (2) ensuring quality, maintenance, and detecting faults, (3) predicting and regulating processes, and (4) developing processes and jobs which can further be reinforced using the XAI methodologies.

	Reinforcement of predictive maintenance: The fusion of blockchain and XAI to supply chain will in the future give rise to predictive maintenance as a service (PMaaS) platforms enabling supply chain operators to outsource their predictive maintenance needs and leveraging the collective data and models from a network of assets and maintenance experts across industries.

	Incursion of new innovative technologies: Through the fusion of XAI and blockchain, there will be the advent of other innovative technologies such as edge computing and the IoT for the monitoring and analysis of data at the edge, closer to the source, allowing for early detection of anomalies on the supply chain network and near instantaneous maintenance recommendations.

	Augmented reality (AR) and digital twins will be on the rise, allowing maintenance technicians to visualize real-time asset conditions, predicted failures, and step-by-step repair instructions through AR interfaces. Autonomous maintenance and self-healing systems will be another emerging future outlook as autonomous maintenance systems can self-diagnose issues and initiate corrective actions without human intervention, minimize downtime, and maximize asset availability.


Blockchain and XAI integration in SCM have the power to transform established supply chain procedures and solve enduring issues. Companies can accomplish the following.


	Increase traceability and transparency across the supply chain to enable stakeholders to follow the materials’ and products’ origins and destinations.

	XAI facilitates better decision-making processes by offering comprehensible justifications for AI-driven conclusions, resulting in reliable and well-informed choices.

	By using these technologies, operational resilience and risk mitigation are increased. This allows for preemptive identification of possible problems, process enhancements, and in-depth investigation of the underlying causes of problems.

	The verifiable record provided by blockchain and the openness of AI models enable adherence to ethical principles and regulatory standards, encouraging accountability and adherence to industry-specific regulations.

	The integration of supply chain partners fosters trust and collaboration by promoting transparency and traceability, facilitating information interchange, and cultivating a culture of continuous innovation.



Conclusion and Recommendations

The chapter looks at how combining XAI and blockchain, two cutting-edge technologies, can solve problems and enhance SCM. It describes the underlying ideas and elements of blockchain technology, highlighting its decentralized, transparent, and unchangeable characteristics. It also delves into the idea of XAI, highlighting the critical requirements of interpretability, transparency, and reliability in supply chain operations AI-driven decision-making processes. The chapter highlights the advantages that combining XAI with blockchain could provide, such as better decision-making, more operational resilience, and improved traceability. To build confidence and encourage cooperation among supply chain partners, stakeholders can obtain important insights into the thinking behind AI-driven decisions thanks to the blockchain’s immutable record-keeping and XAI’s capacity to deliver explanations that people can comprehend. The chapter also explores the possible uses of this strong combination, including vendor evaluation, smart contract automation, and product tracking. It presents examples, recommended practices, and potential applications in actual situations. In addition, it discusses the difficulties with scalability, data quality, integration, and regulatory issues and offers suggestions and methods to get over them.

Among the important suggestions are:


	It is suggested that to meet the computational demands of implementing XAI models and handling transactions on blockchain networks, future research should give priority to developing scalable and energy-efficient solutions.

	Establishing data governance frameworks and standardization standards is advised to ensure that input data for XAI models is accurate and consistent among various supply chain stakeholders.

	To enable smooth integration and compatibility with current supply chain systems and guarantee compliance with location- and industry-specific regulations, cooperation between technology suppliers, industry experts, and regulatory bodies is crucial.

	To encourage human–AI collaboration and increase confidence in these new technologies, future research should fund change management plans, comprehensive training programs, and user-centered design techniques.

	Consistently tracking and assessing how well XAI models and blockchain systems are working to find any potential biases, moral dilemmas, or unexpected effects. As soon as such problems are identified, the necessary corrective action needs to be taken.

	Research and development should be done to incorporate more cutting-edge technologies, such as digital twins, edge computing, and the IoT, to improve the capabilities and uses of XAI and blockchain in SCM.
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Introduction

In today’s global trade, logistics of goods’ flow are far more complex and hence there is a need to develop fresh and innovative solutions to such problems as transparency and inefficiency. Blockchain technology is one of the revolutionary technologies in supply chain management that will bring about such change. Blockchain and supply chain management play a critical role in the process which is historically ground-breaking with no parallel. An open traceable and efficient business model is established. At the essence of it, blockchain technology is a decentralized and tamper-proof way of record-keeping. It may change trust relationships within supply chain networks. This research will delve into deep ramifications of employing blockchain in supply chain management. It will highlight the advantages, obstacles, and dynamic nature of this technology integration. Industries face a growing number of problems. They include tough competition. Fast-changing consumer demands are also present. The significance of knowing how blockchain could ignite a supply chain transformation cannot be overstated.

This study is based on the assumption that there has been full digitalization of supply chain dynamics thanks to blockchain technology. Blockchain utilizes cryptography. It uses consensus approaches. It employs decentralized record-keeping to enhance data security and integrity. This can lead to improved efficiency and accountability in supply chain operations. The technology helps to assure the trustworthiness and transparency of supply chain data. This is in favor of both businesses and consumers. In this case study, research is targeted at giving a complete explanation of blockchain theories for easier understanding. It also shows how its decentralized nature can be a critical point in the supply chain management revolution from a paradigm shift.

The use of blockchain in supply chains goes beyond just a technological upgrade. We observe this in our journey through the rich world of literature. Rather it is a tactical move with profound implications. The migration from centralized to decentralized systems in supply chain processes brings up some persisting problems. These include fraud errors and delays on the path to resolution. Moreover, blockchain smart contracts are self-executing agreements on the blockchain. They serve to automate and standardize contractual obligations. This, in turn, promotes trust among all stakeholders in the supply chain as the adoption of blockchain technology in supply chains continues to grow the complexity and opacity of these systems and introduces challenges in understanding their operations. This is where explainable artificial intelligence (XAI) comes into play. XAI aims to make AI-driven decisions more transparent. It also seeks to ensure they are understandable to human stakeholders. This is critical in a domain as intricate as supply chain management. By integrating XAI with blockchain technology, this research explores how transparency and accountability can be further enhanced. It ensures that all participants in the supply chain have a clear understanding of how decisions are made. It also addresses how data is managed.

This study investigates the role of XAI in making blockchain technology more accessible and trustworthy. This is particularly important in environments where decision-making processes need to be clear and justifiable. The synergy between XAI and blockchain is expected to facilitate smoother adoption. It provides stakeholders with insights into the operational mechanics of technology. This fosters greater confidence and trust. The incorporation of XAI into blockchain-based supply chains represents significant advancement. It pushes the boundaries of what can be achieved through digital transformation. The present study is useful in understanding the practical significance of blockchain adoption and it combines inputs from real-life case studies. In these instances, technology has already proven effective in enhancing supply chain resilience and responsiveness. A detailed analysis of these applications aims at extracting key lessons and principles. These can be used as a reference by organizations currently considering or implementing blockchain integration in supply chain processes.

Despite its overall positive outlook, it is crucial to recognize that there are issues faced during its adoption. Scalability, interoperability, and regulatory issues require deep-dive analysis. The study offers a closer look at these issues. It provides a well-rounded perspective of what might impede the smooth introduction of blockchain into existing supply chain structures. As we find ourselves on the threshold of this transformational journey, this study attempts to add its voice to the ongoing conversation about the interplay between blockchain technology and supply chain management. This research looks forward to providing a complete vantage point for practitioners. It explores underlying theories. It examines real-world applications. It tackles obstacles head-on. Policymakers and researchers will find valuable insights into steering the growing paradigm of supply chain transformation via blockchain adoption.


Literature Review

Very important is the addition of the integration of blockchain technology in the management of supply chains, which has been included as one of the very important areas of research. This would signal a paradigm shift for the traditional way of doing business operations. Academia has long researched its theoretical foundation, practical implementation, and barriers to the integration of blockchain in supply chains and traced a complex ground in which its potential for revolution comes in. Tapscott and Tapscott (2016) point out that blockchain technology is conceived on decentralization and tamper-proofness. Swan (2015) further explains how, by being the foundation of blockchain, it gives full potential to change the trust mechanisms within the supply chains. This decentralization nature of the blockchain ensures that no single entity will be able to have dominion over the whole network, thereby, in fact, reducing possibilities of fraud and increasing transparency (Tapscott and Tapscott, 2016). As Iansiti and Lakhani (2017) note, practical benefits are derived from theoretical underpinnings, making way for transparency and traceability by implementing blockchain. On the other hand, the immutability of blockchain ledgers assures that a single truth within them hence solves difficulties, which may be experienced because of an imbalance of information, and enables full visibility in the whole process (Iansiti and Lakhani, 2017). Such transparency becomes very valuable in supply chains where the origin and authenticity are important factors of the products.

The literature mostly emphasized the recurring idea of using blockchain to smoothen processes and increase efficiency. Mougayar (2016) goes on to explain smart contracts, being the idea of agreements coded on a blockchain and can carry out their self-execution. The contracts operate in a supply chain to operationalize the contract obligations in a manner that, when effective, transactional friction is reduced within the supply chain (Mougayar, 2016). Tse (2017) elaborates on the topic under discussion and, further, elaborates on the various applications that blockchain is used in within the financial sector, focusing on where it is applicable to cause revolution and efficiency in financial transactions of the supply chain. Empirical research sheds valuable knowledge on the concrete impact that blockchain technology impacts the processes of the supply chain. Truong et al., 2018 conducted research into the role of this technology in the food supply chain and pointed out the contribution of blockchain to enhancement in traceability and reduction in food fraud. Kim et al. provide valuable insights into the use of blockchain for pharmaceutical supply chain implementation and present its effect on the drug supply chain with a viewpoint to guarantee the integrity of the drug supplies. These case studies also help to illustrate the theoretical benefits of blockchain in practical scenarios. Despite the potential advantages, the integration of blockchain in supply chains is accompanied by various challenges. Yli-Huumo et al., 2016 and Zheng et al., 2018 point out that one of the biggest stumbling blocks to the scalability of solutions is holding the very big and dynamic nature of supply chain information. Catalini and Gans cover the critical regulatory drivers, which point to the importance of blockchain implementations to be harmonized with the existing legal frameworks.

However, this literature supplies valuable perspectives on some of the elements related to the barriers and their likely remedies. The literature review provides an absolute need for the research on the industry’s possible redress and specific barriers, which have remained an ongoing failure of the industry toward its enhancement. The research explorations of industry-specific barriers and their potential solutions remain inconclusive and, hence, call for further investigations. The literature review, which is the underpinning of the present research, seeks to find a summary of different views on the use of blockchain in managing the supply chain. In other words, these findings confirm a need for a study that could, on the one hand, integrate this present understanding and, on the other hand, look at the specific dynamics of the industry in the context of the effective integration of blockchain in supply chains.


Methodology

In the most systematic form, the research methodology for this study is designed to ensure that all sorts of analysis are thoroughly carried out for the transformative impacts of the blockchain technology on supply chain management. The methodology followed as shown in Figure 7.1 presents a kind of mix between qualitative and quantitative elements of research that helps in exploring in detail, considering the interplay of blockchain in supply chain dynamics.
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Figure 7.1 Blockchain technology in supply chain methodology.
The reason for the use of such design is the fact that the current research seeks to explore and understand the application of blockchain technology in supply chains, which has been applied on a very young scale. The reason for using this design is to enable the identification of the truth hidden in different facets of supply chain integration with the help of blockchain. The research will begin with a very broad literature review in this field, which will be scoped down to identify theoretical underpinnings that would ground the whole research by way of theory. In practice, this dominant knowledge emanates from academic papers, industry reports, and case studies (Cooper, 1989). Semi-structured expert interviews involve carrying out semi-structured interviews with key industry experts, professionals of the supply chain, and technologists of blockchain. This is such a qualitative approach that paves the way to deeply explore real-world applications and challenges and opportunities related to the adoption of blockchain technology in supply chain systems (Patton, 2002). Content analysis: the relevant literature data under study is analyzed for themes and patterns according to the available gap findings of knowledge of blockchain in the supply chain context. This analysis is for informing the development of a conceptual framework (Jain et al., 2013). In thematic coding, the qualitative data from the expert interviews are thematically coded so as to categorize the responses and bring out the key themes related to challenges in the implementation of blockchain, factors contributing to success, and considerations that are quintessentially related to different industries (Miles et al., 2013). The review of literature, together with the expert interviews, helped identify key themes and patterns required in coming up with a conceptual framework that would be helpful in structuring the findings to understand relationships among factors (Jain et al., 2013). A structured survey tool was hence developed to assess the present uptake in the use of blockchain to bring out the perceived benefits and challenges observed. From this point of view, it does offer a statistically adduced dimension to the research, complementing qualitative insights.

Triangulation implies comparing the results of the triangulated sources: literature review, expert interviews, and survey data. This brings about more robustness and credibility in the research results. This helps in establishing more robustness and credibility for the research results (Creswell and Creswell, 2017). For such reasons, this approach was selected to be used in this study, since it has been able to offer an understanding and not only a clear analysis of the complex and dynamic relationship existing between the blockchain technology and management of the supply chain. The combination of all three types of research—exploratory, qualitative interviews, and quantitative surveys—will help analyze the motivations and theoretical motivations that appear to influence behavior for both theoretical issues and practical experiences in greater detail (Yin, 2014).

In summary, the following approach is developed with the scope of navigating through the multidimensional nature of blockchain technology within supply chains and putting forward a full and rounded investigation into its potential for transforming, the challenges it puts forward, and the opportunities associated with its adoption.


Blockchain Technology in Supply Chain

Blockchain technology has been viewed as a decentralized and tamper-proof feature that could redesign the management of modern-day supply chains. The subsection covers the special role blockchain has in determining the future of traditional mechanisms of supply chain process and appraises possible benefits and challenges linked to its adoption as shown in Figure 7.2.
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Figure 7.2 Blockchain technology used in supply chain.
Decentralization is one of the key features of blockchain technology and that result is quite essential in the transformation of supply chain dynamics. Normally, most data related to the supply chain will be decentralized and siloed among several stakeholders causing inefficiencies and a lack of transparency. Blockchain system resolves all these issues by using a shared, decentralized ledger that is accessible to all authorized participants. The problem with transparency is that every party in the supply chain has a synchronous comprehension about the whole process to prevent any possible errors and discrepancies. Blockchain technology uses improved traceability as one of the mechanisms for supply chain management. Each transaction on the blockchain has a digital signature that links to the previous one, creating an unchangeable line of custody. This is very important, especially in food and pharmaceutical industries where traceability is vital in authentication and anti-counterfeit processes as well as quick recall responses.

The smart contract functionality of the blockchain throws a layer of automation into the supply chain agreements. Smart contracts are self-running contracts that run with defined rules and conditions. In essence, the contracts themselves can trigger everything from the release of payments to orders under certain outlined conditions. Such automation thus optimizes intermediaries by enabling processes and increasing effectiveness throughout. The nature of the cryptographic security in blockchains greatly lowers the risks of fraud and counterfeits in the supply chain. Each transaction is cryptographically linked to the last one; in hardly any way could this data ever be altered without consensus from the network. The immutability will ensure the integrity of data within the supply chain, minimizing the fraud that is likely to exist and generally bringing security to the system. It guarantees visibility as and when required to the entire movement of goods within the supply chain. The traditional system from the supply chain, no doubt, has problems in updating data on time, and there is no information available. Being based on blockchain, it’s decentralized in nature, and hence all involved parties are bestowed with the latest information and updates on the supply chain. It can hence respond with improved decision-making and time to change faster.


Challenges

Scalability is the first major challenge in blockchain integration with supply chains. If the frequency of conducted transactions grows, this would translate into the decreasing speed of transaction processing in the blockchain network. Possible solutions for problems related to scalability are off-chain processing and the use of new scalable consensus mechanisms. The issue of interoperability with existing systems and technologies is quite a challenge. In the area of supply chain, many different parties involved in the process use different software and platforms; hence, it is important to develop protocols and interface formats that all these platforms will have to follow to function in one chain. Therefore, the issue of interoperability is very important for ensuring massiveness and for ensuring chain cooperation.

The orientation of blockchain in supply chains from the regulatory frameworks’ perspective is a significant challenge. Different regions have different rules and regulations related to data privacy, ownership, and the use of cryptographic technologies. Compliance with these regulations requires a thorough assessment and adoption of blockchain implementation to comply with the legal requirements. Although blockchain technology has long-term benefits, the upfront costs of its implementation could be very high. Businesses need to invest in the infrastructure, training, and system integration. The importance of convincing stakeholders about the value that will last is paramount in securing enough resources for a smooth implementation.


Case Studies: Supply Chain Transformation through Blockchain Adoption

Using real-life case studies as a reference in the discussion on how blockchain is adopted into supply chains adds a lot of values by giving clear insights into practical implications and also success stories. The following cases cover various industries where blockchain has been used to improve the effectiveness, transparency, and trustworthiness of supply chains.


Walmart and Food Traceability

In order to improve transparency in the food supply chain, Walmart, which is the world’s largest retailer, has pioneered the use of blockchain technology. It has implemented a system based on blockchain and developed with IBM to trace food products from their sources at farms to their destinations within retail stores. Through this technique, Walmart can easily and quickly find out where an item came from compared to older methods of traceability that were much slower. The main aim here is not just food safety but rather rapid accurate response during recall or contamination which shows how important blockchain could be in maintaining food supply chain integrity.


Maersk and TradeLens

Maersk, as one of the biggest shipping companies globally, partnered with IBM to establish TradeLens, a blockchain platform that will change global shipping forever. TradeLens gives full supply chain visibility and integrates all stakeholders like shippers, ports, and customs authorities. Maersk and IBM had in mind the reduction of paperwork, increase in transparency, and decrease in frauds by digitizing the document process through blockchain technology in international trade that is very complex. This case study illustrates how blockchain can transform logistics and cross-border supply chains.


Everledger and Diamond Traceability

Everledger, a tech company, deploys blockchain technology to address the issues of authenticity and traceability in the diamond industry. Everledger with blockchain preserves all individual characteristics of each diamond to make sure that there is an integrated and unchangeable history of every diamond journey from mine to end user. It is useful not only in following the trade of conflict diamonds but also in making consumers believe that diamonds are ethically sourced. The Everledger’s example perfectly illustrates the use of blockchain in validating/creating the origin of valuable products in the supply chain.


IBM Food Trust and Carrefour

Carrefour, a multinational retail corporation, collaborated with IBM Food Trust to incorporate blockchain technology into its food supply chain. The project aimed to enhance transparency for consumers by providing comprehensive information about the production and journey of selected food products. Consumers can access this information by scanning QR codes on product packaging. The blockchain ensures that the data is secure and cannot be tampered with, enabling consumers to make well-informed decisions based on the authenticity and quality of the products they purchase.


De Beers and Tracr

De Beers, as one of the main actors in the diamond industry, introduced Tracr which is a blockchain platform that tracks diamonds from the mine to retail. Tracr is the platform where all diamonds end up being part of the blockchain with information about carat, color, and clarity among others. This company’s approach to focus on transparency and trustworthiness of diamonds opens up a new frontier in dealing with the source of precious gemstones. In De Beers’ case, it shows how blockchain may be used to create trust and reliability in sectors whose origin is most significant.

These case studies illustrate the wide range of uses of blockchain technology in addressing supply chain problems at various levels. It has been proven that the use of blockchain in supply chain processes, be it food traceability, logistics, or high-value products, results in increased benefits in terms of transparency, traceability, and trust. Although businesses continue to explore and implement blockchain solutions, these practical examples still contain a wealth of information on how blockchain can revolutionize the entire supply chain at all levels.


Results

The results of the research on the use of blockchain technology in supply chain management are quite persuasive, provide an insight into the transformational implications, obstacles, and potential advantages of blockchain adoption in real business scenarios. A study among supply chain professionals discloses that blockchain implementation varies across different industries. On one side, some sectors have deployed blockchain for more transparency and traceability purposes, whereas others are still exploring. The results bring out the point that the adoption of blockchain is an ongoing process, with some industries being pioneers and other industries gradually moving into the world of blockchain integration. The respondents said that the parties involved would benefit from the transparency and traceability by means of blockchain technology. The characteristic of decentralization in blockchain makes it possible for every party to get the data in real-time which cannot be changed, so information asymmetry is decreased and trust on a higher level is built. Furthermore, the respondents pointed out smart contracts as one of the major advantages, which could automate processes for supply chain optimization and reduce operational costs.

The study investigated the sector-specific problems and opportunities that result from the adoption of blockchain technology. In the case of pharmaceuticals, blockchain use was recognized as essential to safeguard the authenticity of drug supply chain. Conversely, the manufacturing sector unveiled the necessity of interoperability and standardization for smooth incorporation with existing systems. Irrespective of the fact that the research had certain benefits, it came across a multitude of obstacles that are blocking the blockchain technology from being widely used in supply chains. Scalability was cited as the major issue by all respondents when it comes to how blockchain networks will handle big and dynamic data sets in supply chain operations. The interoperability with legacy systems and compliance with regulation were also among the major issues that necessitated the need for close attention on legal frameworks and integration strategies. The utilization of case studies in the research presented a few impactful examples of blockchains used in supply chains. The images like those of Walmart’s food traceability and Maersk’s TradeLens made it evident that blockchain technology can target effectively the specific problems of certain industries, hence, being an exemplary for companies considering adoption. The case studies not only served to provide the empirical data backing the theoretical discussions but also showcased different uses and great results that were achieved by introducing blockchains into different industries.

The outcomes of the investigation were developed through expert interviews, further synthesizing the viewpoints of the main players. Supply chain professionals, blockchain technologists, and industry experts made us aware that partnership and education are key for a wider adoption of blockchain technology. Their opinions provided us with some hints on the practical aspects and industry-specific peculiarities that could make a successful introduction of blockchain into supply chains difficult. The credibility of the results was raised by pooling data from various sources like literature review, survey responses, and expert interviews. The consistency in the themes and patterns across different data sources also indicated the validity of the research results which paved the way for a deeper understanding of blockchain adoption in supply chains. The research findings provide a general view of the current situation regarding blockchain adoption in supply chains. Results put emphasis on perceived benefits, industry-specific factors, implementation problems, and real-world impact of blockchain, thus providing valuable insights to organizations in making informed decisions while they are stepping into supply chain transformation using blockchain technology. As industries expand and evolve so does information from this research which can be an essential resource for strategic planning and decision-making in supply chain management that is dynamic.


Discussion

The benefits of transparency and traceability which are part of the blockchain technology, indeed, are well connected with the theoretical literature cited. The decentralized ledger is a guarantee that all supply chain partners will have unaltered and synchronized information leading to mutual trust and responsibility. The very fact that the survey respondents place so much value on these benefits emphasizes the practical relevance of blockchain in addressing perennial problems related to information flow and visibility. The literature is also drawing attention to this advantage of smart contracts as a reason for its major importance. The ability to perform pre-determined tasks without the help of intermediaries is tied to the productivity increase that was mentioned in the literature. Moreover, respondents’ recognition of this benefit also supports blockchain’s revolutionary role in contract management improvement within supply chains.

The harmony of the three principal problems, scalability, interoperability, and regulatory compliance with the present literature on blockchain adoption is very much consistent with what was mentioned in the literature. The detailed analysis of industry-specific factors is in line with literature which concentrates on customized approaches to different sectors. This research’s results contribute to the body of knowledge by providing certain details about how these issues are represented in real-life cases and industries. The application of case studies in the research goes beyond the literature that looks for evidence based on theory. Case studies are practical examples to illustrate the theoretical merits of blockchain technology. The literature shows that existing cases can be used as a reference to deploy blockchain solutions in different industries, this means that it is implied that successful adoption needs an industry-specific context with dynamic factors which change over time.

The findings of this study are quite significant for businesses that are considering introducing blockchain technology into their supply chains. It is common knowledge that the fact that the use of transparency and traceability systems in organizations allows these businesses to get considerable benefits by using blockchain to fight information asymmetry and to improve visibility is well acknowledged. By identifying challenges, valuable information can be used for the strategic decision-making process, allowing organizations to manage scalability, interoperability, and regulatory compliance issues in a proactive manner in their implementation strategies. The opinions of the stakeholders involved in this topic underscore the importance of partnership and education, which also emphasizes the need for a collaborative approach to blockchain implementation. This means there will be cross-industry initiatives and education programs that are designed to give a complete picture of blockchain technology. From these findings, companies can come up with common strategies and training plans for the rapid adoption of blockchain technology in supply chains. Regulatory compliance was the foremost challenge, which necessitated that the lawmakers should hurry up with the adoption of blockchain. The research findings imply that regulatory frameworks should be flexible enough to accommodate the rapid development of blockchain technology and develop a culture of innovation while still being legally compliant.

The discussion also considers the research limitations, for example, the technology is dynamic and there may be quick changes in the blockchain landscape. Additionally, it sets the stage for future research areas such as conducting a detailed study on scalability solutions and examining the long-term effect of blockchain on supply chain resilience or looking into further industry-specific challenges. The discussion synthesizes the research findings, places them within existing literature, and outlines implications and applications of the results. The ideas from this discussion generate more information about the current conversation about blockchain adoption in supply chains offering useful guidance to practitioners, policymakers, and researchers who are managing a world of changing supply chain.


Future Research Directions and Conclusion

This chapter emphasizes how blockchain technology reshapes supply chains through improved transparency, traceability, and automation. While sectors like retail and logistics benefit from blockchain’s capabilities for traceability, significant hurdles such as scalability, interoperability, and regulatory compliance still need to be addressed. The study’s integration of case studies and triangulated data sources has strengthened the validity of its findings, delivering both theoretical and practical contributions valuable to industry professionals and academics alike.

Future research should focus on overcoming blockchain’s scalability challenges by exploring advanced technologies and consensus mechanisms that support large-scale applications in complex supply chains. Another essential area for exploration is the long-term impact of blockchain on supply chain resilience, particularly under conditions of disruption and uncertainty. Understanding how blockchain can sustain supply chain durability will provide critical insights into its robustness and long-term value. Examining industry-specific dynamics is also crucial, as it enables the development of tailored strategies that align blockchain applications with distinct sector needs, ultimately optimizing implementation and adoption outcomes.

Furthermore, user experience and education are pivotal areas for future studies, as insights from blockchain stakeholders and the effectiveness of educational initiatives can illuminate human factors influencing adoption. These insights would inform the development of targeted training programs that enhance industry understanding and user engagement with blockchain systems. Overall, this research lays a solid foundation for blockchain adoption in supply chains, offering strategic guidance that supports resilient, transparent, and efficient operations across diverse industries. As supply chain management continues to evolve and confront new challenges, these findings will serve as a valuable resource for driving innovation and enhancing the adaptability of modern supply chains.
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Introduction

The term explainable artificial intelligence (XAI) describes the creation and application of strategies and tactics aimed at improving human comprehension of AI systems’ inner workings (Elson Kosasih et al., 2024). In order to promote trust and accountability, XAI aims to guarantee that the judgments and forecasts produced by AI models are clear, understandable, and justified. XAI assists users in identifying and mitigating biases enhancing decision-making procedures and guaranteeing adherence to ethical and regulatory standards by offering insights into how AI algorithms arrive at their conclusions. This openness is especially important for high-stakes applications like supply chain management healthcare and finance, where it is critical to comprehend the reasoning behind AI decisions for responsible and efficient use.

XAI stands for Explainable Artificial Intelligence which is a collection of procedures and techniques that make it possible for human users to understand and rely on the output produced by machine learning algorithms. The goal of XAI is to enable humans to comprehend the actions of AI systems enabling the management of appropriate control and trustworthiness of decisions made by AI (Gohel et al., 2023). The ability to see biases comprehend decision-making processes and confirm that the AI performs as intended all depends on this transparency. XAI essentially fills in the gaps between the sometimes-opaque nature of AI models and the requirement for transparency and accountability in their results.

With AI enabling previously unattainable efficiencies and insights, supply chain management has come to rely more and more on AI. Applications of AI include risk reduction, supplier relationship management, logistics, optimization, inventory management, and demand forecasting. Large volumes of data are utilized by these systems to forecast future trends, enhance operational workflows, and make decisions in real time. Unfortunately, the intricacy and sophistication of these AI models frequently lead to a black box effect in which the decision-making process is opaque to or incomprehensible from the perspective of human operators.

In supply chain management, the opacity of conventional AI models presents serious difficulties. For regulatory compliance, effective risk management and stakeholder trust AI-driven decisions must be transparent and supported by evidence. Explainability is essential for identifying and reducing biases comprehending the process of decision-making and making sure that AI applications are in line with moral and business goals (Doe, & Smith, 2023). By offering transparent insights into decision-making processes, AI systems can boost operational integrity and stakeholder confidence. Since explainability in AI makes it easier for different supply chain functions to communicate and comprehend the insights and recommendations produced by AI, it also promotes improved collaboration among them.

The objective of this chapter is to examine how XAI can revolutionize supply chain decision-making by:


	Introducing the concept of XAI: Providing a thorough explanation of the concepts and importance of XAI in demystifying AI systems.

	The function of XAI in supply chains is explained emphasizing the value of explainability in promoting transparency and confidence in AI-driven supply chain processes.

	Examining the problems with conventional AI models: Talking about how traditional black box AI models have limitations that make it difficult for stakeholders to trust and understand them and hide decision-making processes.

	Providing case studies that showcase real-world applications: These case studies highlight how adding XAI to supply chain frameworks can improve decision-making operational effectiveness and stakeholder confidence.

	Investigating XAI methods for supply chains: Analyzing different XAI methods that are specific to the supply chain context like feature importance saliency maps and counterfactual explanations.

	Recognizing new trends and possible research pathways has suggested that as supply chains change XAI will play a more crucial role in guaranteeing reliable and efficient AI systems.



The Importance of XAI in Supply Chain Management

In supply chain management, XAI is essential for increasing decision-making efficiency and transparency, fostering confidence in AI-driven judgments, and guaranteeing adherence to moral and legal requirements. Through XAI, stakeholders can work together more confidently and effectively and resources can be allocated more wisely and efficiently, all while receiving clear and understandable explanations of AI outputs.

Trust and transparency are critical in the field of supply chain management. The decisions made by AI systems, which are frequently viewed as black boxes, have a significant impact on customer service, inventory management, logistics, and procurement. However, stakeholders such as managers, staff members, and business partners may become skeptical and mistrustful of traditional AI models due to their inability to explain themselves. This problem is addressed by XAI which offers intelligible understandable explanations of the decision-making processes used by AI models (Johnson & Lee, 2023). Through XAI, a transparent culture is fostered allowing stakeholders to comprehend trust and confidently act upon AI-driven insights by disclosing the underlying factors and reasoning behind AI recommendations. Due to a common understanding of the decision-making process among all parties, this transparency not only increases stakeholder confidence but also fosters collaboration throughout the supply chain.

Decision-making and operational efficiency are greatly improved by the incorporation of XAI into supply chain management. Though they can be quite accurate, traditional AI models frequently don’t explain to decision-makers why they make certain predictions or suggestions. However, managers can examine and verify the AI results with XAI comprehensive explanations. Managers can evaluate the AI recommendations against other variables and situations thanks to this deeper understanding which facilitates more informed decision-making. To produce outputs that are more accurate and dependable, XAI can also assist in locating and fixing biases or errors in the AI model. Supply chains can thus function more effectively with better demand forecasting, reduced logistics, and optimized inventory levels (Brown & Taylor, 2024). The efficient allocation of resources and ongoing process improvement based on transparent data-driven insights are guaranteed by the capacity to comprehend and trust AI-driven decisions.

Adherence to legal and ethical norms is a crucial consideration for supply chain management in an increasingly regulated business landscape. Strict rules about the use of data accountability and transparency in decision-making apply to many different industries. Ensuring that AI systems adhere to these standards is a major responsibility of XAI. XAI offers a transparent audit trail that can show compliance with legal requirements by rendering AI decisions comprehensible. This is especially crucial in industries where decisions about the supply chain can have a big impact on the law and ethics like pharmaceuticals food and beverage and consumer goods. Furthermore, by detecting and reducing biases that might result in unfair or discriminatory practices, XAI assists organizations in upholding ethical standards (Green & White, 2024). Organizations are shielded from legal risks, their reputation is improved, and a culture of accountability and justice is promoted throughout the supply chain by XAI which guarantees that AI systems function transparently and ethically.


Challenges of Conventional AI in Supply Chain Decision-Making

Conventional AI models are opaque which is why they are sometimes called black boxes. Several models such as deep learning and other sophisticated algorithms rely on complex calculations and patterns in data that are difficult for people to understand to make decisions. Even though these models are highly accurate and perform well, supply chain decision-making is significantly hampered by their opacity. Decision-making processes are not elucidated by black box models. For example, a machine learning algorithm predicting stock levels might base its decision on multiple variables and their interactions, but supply chain managers would not be able to comprehend or verify the logic behind these predictions in the absence of an explanation (Williams & Davis, 2023). It is difficult to identify and address biases or mistakes in the AI system due to the lack of transparency. This is especially important in supply chains where choices made can have a big impact on things like stock outs, overstocking, and supply interruptions. It is challenging to modify or adapt AI models to shifting business conditions or the needs of various industries without a thorough understanding of the decision-making process. Table 8.1 highlights how the black box nature of AI models poses industry-specific challenges by limiting transparency and interpretability in critical decision-making processes across sectors such as retail, manufacturing, healthcare, and automotive.


Table 8.1 Challenges arising from the black box nature of AI in industry-specific decision-making processes


	Industry
	AI Model Type
	Common Decisions Made by AI
	Challenge Due to Black Box Nature



	Retail
	Deep Learning
	Inventory Management
	Difficulty in validating stock predictions


	Manufacturing
	Neural Networks
	Quality Control
	Lack of ability to identify the source of inaccurate forecasts.


	Healthcare
	Machine Learning
	Supply Chain Optimization
	Decisions made in logistics that affect patient care are unclear.


	Automotive
	Predictive Analytics
	Demand Forecasting
	Difficulties in modifying projections in response to shifts in the market.


Stakeholder trust and system accountability are greatly impacted by the explainability gap in traditional AI models. All stakeholders in the supply chain including managers, staff, and outside partners must have faith in the systems that guide decision-making for the operations to be successful. Stakeholders’ trust in the AI system is damaged when they don’t understand how decisions are made. For instance, a supplier might question the system’s dependability and favor human judgment if they are unable to understand the rationale behind the recommended order quantity. In supply chain management, accountability necessitates the ability to justify decisions. Black box AI models obfuscate this traceability making it challenging to hold people or systems responsible for results. Increased risk and inefficiencies may result from this lack of accountability. Adoption of AI technology may be impeded by the ambiguity and lack of clarity. If stakeholders are unable to trust or validate the decisions being made, they might be reluctant to rely on AI systems which could result in an underutilization of technologies that have the potential to be beneficial. Table 8.2 outlines how trust and accountability challenges affect key stakeholders across industries when relying on AI-driven decisions in areas such as order quantities, quality checks, supply chain logistics, and inventory distribution.


Table 8.2 Trust and accountability challenges in AI-driven decision-making across industries


	Industry
	Key Stakeholders
	AI-Driven Decisions
	Trust and Accountability Challenges



	Retail
	Store Managers, Suppliers
	Order Quantities
	Decisions about replenishment are tainted by a lack of transparency.


	Manufacturing
	Production Managers, Quality Inspectors
	Quality Checks
	Defect detection errors are difficult to hold systems accountable.


	Healthcare
	Hospital Administrators, Medical Staff
	Supply Chain Logistics
	Lack of confidence in AI logistics decisions that have an impact on patient care.


	Automotive
	Supply Chain Managers, Dealerships
	Inventory and Distribution
	Opposition to AI-driven distribution strategies because they are not explicable.


One of the biggest challenges in supply chain contexts is the intricacy of interpreting AI decisions. Due to the complex and multidimensional structure of supply chains, AI models frequently must consider a wide range of variables and their interdependencies which makes the decisions that arise difficult to understand (Clark & King, 2023). Demand projections, supplier dependability, logistics of transportation, and other factors are just a few of the many variables involved in supply chains. Without XAI tools, deciphering the outputs produced by AI models processing this high-dimensional data can be difficult. Systems are both dynamic and interconnected. Supply chains are dynamic with components that are interconnected and conditions that are always changing. Supply chain experts may find that conventional AI models are unable to deliver useful insights into a format that is easy to understand and apply. Strategic decision-making may be hampered by the complexity of AI choices. To make well-informed strategic decisions, managers require comprehensible and interpreted insights that are frequently lacking in black box AI models. Table 8.3 highlights the varying complexity of AI-driven decisions across industries, focusing on common decision areas and the interpretation challenges that hinder practical implementation and stakeholder understanding.


Table 8.3 Interpretation challenges of AI-driven decisions across industries with varying complexity levels


	Industry
	AI Decision Complexity
	Common Decision Areas
	Interpretation Challenges



	Retail
	High
	Inventory Levels, Supplier Selection
	AI suggestions are hard to implement practically. AI-driven maintenance schedule complexity.


	Manufacturing
	Medium to High
	Production Schedules, Maintenance
	Interpreting AI results for important supply chain decisions presents challenges.


	Healthcare
	Very High
	Logistics, Inventory Management
	Comprehending AIs supplier reliability


	Automotive
	High
	Demand Forecasting, Supplier Management
	Evaluations and demand forecasts can be challenging.


XAI is essential because of the difficulties that traditional black box AI models present when making decisions in the supply chain. XAI can overcome the drawbacks of conventional AI systems by boosting transparency, boosting stakeholder trust, guaranteeing accountability, and making it easier to understand complicated AI decisions (Evans & Turner, 2024). Comparative studies conducted in various industries demonstrate how widespread these issues are and how much supply chain management needs more easily understood AI solutions.


Successful Implementation of XAI in Supply Chains


Retail Industry: Walmart’s Demand Forecasting

The implementation of XAI in retail involves a structured approach to ensure transparency and usability. It begins with data collection and preparation, aggregating historical sales data, promotional activities, weather forecasts, and event schedules to build a robust dataset. Interpretable models, such as decision trees or linear regression, are selected to enhance the understandability of AI predictions. Store managers are trained to interpret AI-generated insights and integrate these tools into existing systems, ensuring practical application. Continuous monitoring of model performance is essential, allowing for refinements based on feedback and updated data and fostering adaptability and reliability. Walmart utilized feature importance to show which factors (like promotions and holidays) were driving demand forecasts, enabling better inventory decisions. Table 8.4 ranks the importance of factors influencing AI predictions in retail, highlighting historical sales as the most significant, followed by promotions, weather, and local events.


Table 8.4 Relative importance of factors influencing AI predictions in retail decision-making


	Factor
	Importance Score



	Historical Sales
	0.35


	Promotions
	0.30


	Weather
	0.20


	Local Events
	0.15



Manufacturing Industry: Siemens’ Quality Control

The implementation of XAI in quality control focuses on identifying key variables affecting product quality, such as machine settings and material properties, and analyzing them using interpretable AI models like decision trees or SHAP. Explainability tools are employed to visualize each variable’s contribution to defect predictions, enabling better understanding and decision-making. Engineers are trained to interpret these insights and apply them effectively in quality control processes. A feedback loop ensures continuous model improvement by incorporating real-world production data and feedback, enhancing accuracy and reliability over time. Siemens used SHAP values to identify that a specific machine setting was contributing to defects (Table 8.5).


Table 8.5 SHAP analysis highlighting key variables contributing to defects in Siemens’ quality control


	Variable
	SHAP Value



	Machine Setting A
	0.50


	Material Type
	0.30


	Operator
	0.20



Healthcare Industry: Mayo Clinic’s Supply Chain Optimization

The implementation of XAI in inventory management involves aggregating data on inventory levels, usage rates, and supply chain logistics to build a comprehensive dataset. Interpretable AI models are developed to predict inventory needs, with explainability frameworks like LIME or SHAP providing clear, actionable insights into the recommendations. Engaging medical staff during model development ensures the insights are practical and aligned with operational needs. Continuous application and performance monitoring of the models enable timely adjustments, enhancing accuracy and efficiency in inventory management. Mayo Clinic used LIME to explain why certain supplies were prioritized, improving stock management. Table 8.6 illustrates how Mayo Clinic utilized LIME to explain the prioritization of supplies, attributing high usage rates during flu season to Item A and critical emergency procedure relevance to Item B.


Table 8.6 Using LIME to explain supply prioritization for improved stock management at Mayo Clinic


	Supply Item
	LIME Explanation



	Item A
	High usage rate during flu season


	Item B
	Critical for emergency procedures



Automotive Industry: Toyota’s Supplier Management

The application of XAI in supplier risk management involves collecting comprehensive supplier data, including past disruptions, performance, and reliability. Interpretable models are developed to assess risks and predict potential disruptions, with explainable techniques such as feature importance and counterfactual explanations providing actionable insights. A decision support system is implemented to deliver transparent AI-driven recommendations, ensuring stakeholders can trust and understand the insights. Regular reviews and updates of the models enable adaptation to changing supplier circumstances, enhancing the system’s accuracy and relevance over time. To determine what adjustments would increase supplier reliability, Toyota employed counterfactual explanations (Table 8.7).


Table 8.7 Counterfactual explanations used by Toyota to enhance supplier reliability


	Supplier
	Risk Score
	Key Factors



	Supplier X
	0.70
	On-time delivery, Quality consistency


	Supplier Y
	0.40
	Production capacity, Financial stability



Application of Saliency Maps in Supply Chain Management

Using visuals to illustrate the factors, AI models consider when making decisions. When it comes to XAI, saliency maps are an effective instrument. They illustrate the specific segments of the input data that have the greatest impact on the AI models’ decision-making. Saliency maps give natural and comprehensible insights into the decision-making processes of AI systems by emphasizing areas of focus (Allen & Parker, 2024). In supply chain applications, this method is especially helpful since it can greatly improve operational efficiency, trust, and transparency by providing insight into the logic underlying AI predictions.


Retail industry: Demand Forecasting

A retailer utilizes an AI model to predict product demand, leveraging saliency maps to visualize the key factors influencing the model’s forecasts. These factors include past sales data, promotional activities, and external variables such as weather patterns. By providing clear visual representations of the most impactful variables, saliency maps enable store managers to understand the rationale behind the AI model’s predictions, such as anticipated spikes in demand for specific products during certain periods. This enhanced transparency fosters better decision-making and trust in the AI-driven recommendations. Table 8.8 highlights the importance of factors influencing AI predictions in the retail industry, with historical sales and local events being highly significant, promotions moderately significant, and weather having a low impact.


Table 8.8 Saliency map analysis of key factors influencing AI predictions in the retail industry


	Factor
	Importance (Highlighted in Saliency Map)



	Historical Sales
	High


	Promotions
	Medium


	Weather
	Low


	Local Events
	High



Manufacturing Industry: Quality Control

A retailer employs an AI model to forecast product demand, using saliency maps to highlight the critical factors influencing these predictions, such as historical sales data, promotional campaigns, and external factors like weather patterns. These visual tools provide store managers with a clear understanding of the reasons behind the AI-generated forecasts, including expected increases in demand for specific items at certain times. This transparency not only enhances trust in the AI model but also empowers managers to make more informed and effective decisions, aligning inventory and marketing strategies with predicted trends. Table 8.9 highlights the significance of product features in AI predictions for the manufacturing industry, with surface texture being highly influential, color variations moderately influential, and shape consistency having a low impact.


Table 8.9 Saliency map analysis of key product features influencing AI predictions in the manufacturing industry


	Product Feature
	Saliency (Highlighted in Map)



	Surface Texture
	High


	Color Variations
	Medium


	Shape Consistency
	Low



Healthcare Industry: Supply Chain Optimization

A healthcare provider utilizes an AI model to optimize medical supply inventory, employing saliency maps to identify the most influential factors, such as supply chain constraints, seasonal trends, and usage patterns. These visualizations help medical staff and supply chain managers understand the rationale behind the AI’s recommendations, ensuring critical supplies are adequately stocked. This transparency fosters trust in the AI system, enabling stakeholders to validate and rely on its decision-making process, ultimately enhancing inventory management and supporting effective healthcare delivery. Table 8.10 highlights the key factors influencing Mayo Clinic’s supply chain optimization, with seasonal trends and usage patterns having high importance, while supply constraints are moderately influential.


Table 8.10 Saliency map analysis of influencing factors in Mayo Clinic’s supply chain optimization


	Influencing Factor
	Saliency (Highlighted in Map)



	Seasonal Trends
	High


	Usage Patterns
	High


	Supply Constraints
	Medium



Automotive Industry: Supplier Management

An automotive company uses an AI model to evaluate supplier performance and predict potential disruptions, leveraging saliency maps to highlight key factors such as delivery times, quality metrics, and financial stability. These visual tools provide supply chain managers with clear insights into the most critical elements influencing the AI’s assessments. By understanding and acting on these insights, managers can improve supplier reliability and enhance the overall resilience of the supply chain, ensuring smoother operations and minimizing risks associated with supplier disruptions. Table 8.11 highlights the key metrics in Toyota’s supplier management, with delivery times and quality metrics being highly influential, while financial stability has a moderate impact.


Table 8.11 Saliency map analysis of key metrics in Toyota’s supplier management


	Supplier Metric
	Saliency (Highlighted in Map)



	Delivery Times
	High


	Quality Metrics
	High


	Financial Stability
	Medium


Saliency maps are an indispensable tool in supply chain management because they offer an easy-to-understand visual means of comprehending the decisions made by AI models (Adams & Nelson, 2024). They promote transparency foster trust and facilitate better decision-making in the manufacturing retail healthcare and automobile sectors by emphasizing the most important variables in diverse applications.


Future of XAI in Supply Chains

XAI is set to revolutionize the way organizations manage their operations with the help of several emerging trends. These trends include supply chains becoming more complex and data-driven. Real-time analytics platforms are increasingly being integrated with XAI tools. This makes supply chain management more flexible and responsive by enabling the immediate interpretation and justification of AI-driven decisions. Dynamic dashboards and interactive saliency maps are two examples of advanced visualization techniques that are becoming more popular. Stakeholders can comprehend and utilize AI insights more easily thanks to these tools. More reliable and approachable XAI apps are being developed by fusing insights from AI operations research and human factors engineering. This multidisciplinary approach aids in the creation of systems that are easy for non-experts to understand in addition to being accurate. Pay attention to ethical AI. The use of ethical AI in supply chains is becoming more and more important. In order to solve issues with bias and compliance, XAI is essential in making sure that AI systems are just open and responsible. Creation of automated explanation systems can produce explanations for AI decisions in natural language. A wider audience should be able to access AI outputs thanks to these systems.

The goal of research can be to develop XAI frameworks that are universal and flexible enough to be applied in various supply chain scenarios. This covers XAI techniques such as counterfactual explanations, feature importance, standardization, and others. The remaining crucial area of research is improving the explainability of complex models like ensemble and deep learning models. It is being investigated to use strategies like multi-level interpretability and hierarchical explanations (Fisher & Walker, 2024). The XAI tools are designed with the user in mind, investigating user-centric design strategies to make sure XAI tools satisfy different stakeholders’ needs. This entails being aware of users’ cognitive processes and adjusting explanations appropriately. Investigating the possibilities of combining blockchain, the Internet of Things, and XAI can improve supply chain traceability and transparency. Stronger and more secure supply chain management systems may result from this. There is a need for looking into ways to effectively scale XAI solutions across vast and varied supply chain networks, ensuring that explanations continue to make sense despite AI models’ growing complexity.

Maintaining thorough high-quality data is still difficult. The efficacy of XAI techniques can be compromised by incomplete or inconsistent data. Finding a balance between AI models’ interpretability and accuracy is a constant struggle. Oftentimes, highly accurate models are difficult to understand and intricate. It can be resource-intensive and difficult to scale the implementation of XAI across large and complex supply chain networks (Taylor & Green 2024). The integration of new technologies such as XAI may be impeded by organizational resistance. It is possible for stakeholders to be wary or reluctant to trust AI-driven insights. It is important—and sometimes difficult—to stay on top of the changing legal requirements for AI transparency and accountability. Because XAI provides transparent and comprehensible insights, it presents a significant opportunity to improve decision-making processes.


Conclusion

Supply chain management will undergo a revolutionary shift toward openness reliability and operational excellence with the incorporation of XAI. XAI has the potential to greatly improve decision-making processes and overall efficiency as demonstrated by the analysis of numerous case studies from the manufacturing retail healthcare and automotive industries. Walmart is an example of how feature importance and local interpretability can optimize inventory management and save costs in the retail sector. Walmart used XAI in demand forecasting. Transparent defect detection processes lead to higher product quality and operational efficiency. Siemens’ use of XAI in manufacturing demonstrated these benefits. By using XAI to optimize its supply chain, the Mayo Clinic was able to minimize shortages and improve staff trust by effectively managing vital supplies. Transparent AI models can enhance supplier reliability and decision-making, thereby enhancing overall supply chain resilience, as demonstrated by Toyota’s incorporation of XAI in supplier management. Emerging trends like advanced visualization techniques real-time analytics integration and a strong emphasis on ethical AI practices will define the future of XAI in supply chains. The creation of general XAI frameworks enhancing the explainability of intricate models and investigating the combination of XAI with blockchain and Internet of Things technologies are some possible avenues for future research. However, there are obstacles in the way of the general adoption of XAI. Overcoming scalability issues, ensuring data quality, and striking a balance between interpretability and accuracy are major challenges.

The integration process is made more difficult by organizational resistance and the requirement for regulatory compliance. These difficulties notwithstanding XAI offers a lot of promising prospects. A few of the advantages that organizations can experience are better decision-making elevated stakeholder trust competitive advantage and enhanced compliance and risk management. Furthermore, scalable and reliable XAI solutions are made possible by the collaborative potential of interdisciplinary research and innovation. Adaptability, meticulous planning, and ongoing development are necessary for the effective application of XAI in supply chain management. Organizations may achieve unprecedented levels of efficiency and transparency by utilizing XAI techniques, which will ultimately spur resilient supply chain ecosystems and sustainable growth. Supply chain management will surely play an increasingly more significant role in the future as XAI develops, making sure that decisions powered by AI are not only efficient but also morally and responsibly justified.

There has been a significant shift toward more ethical efficient and reliable supply chain operations with the introduction of AI transparency and accountability in decision-making. Explainability and transparency are critical as supply chains integrate AI systems more and more. This need is met by XAI which also boosts stakeholder confidence and makes sure AI systems function in an equitable transparent and accountable manner. XAI also offers insights into decisions driving AI. Overcoming major obstacles like data quality, model complexity, scalability, and organizational resistance is necessary on the path to the broad adoption of XAI in supply chains. However, the benefits of XAI—such as improved decision-making, increased trust compliance with regulations, and operational efficiency—underscore its strategic importance. Future supply chain management will be significantly shaped by XAI as science and technology continue to progress. Companies that adopt XAI will be in a better position to take advantage of all that AI has to offer while upholding moral and open working practices. Supply chains will become more durable, effective, and sustainable as a result of this shift toward AI transparency and accountability.
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Introduction

Supply chain management (SCM) requires handling the distribution of goods, money, and necessary information from the source of raw materials to the end user. Supply chains have existed since the early years, including production, transportation, inventory and warehouse management, customs declaration, and distribution. For this supply chain, we need to maintain communication with different entities, including governments and several departments within each of these entities. In the later part of the 20th century, new modes of communication were established. With scientific developments, the supply chain process in India also requires vertical and horizontal integration to exchange fast and precise information between various members involved in SCM (Potluri & Kilaru, 2023). The traditional SCM method for an exporter is to prepare an invoice and package list, send them to their forwarder, and again, retype and forward this document to the shipping line. At the destination, the document needs to be modified for customs clearance. This lengthy process can cause problems, increasing the chances of fraud. A supply chain has a complex mixture of cash, goods, information, and product flows. A single chain leader is difficult to manage such a problematic mechanism at the core and can no longer organize and coordinate between parties involved in SCM. Sustainability, the most buzzing word in the industry map of the world, particularly in the modern era, has received greater attention from corporations. For getting profits, companies, irrespective of their size, process, and type, concentrate on improving profits and reducing costs in every bit of action taken. These days sustainability has emerged as a major corporate goal across industries, at a global level meeting the sustainability, the companies need to set strategical goals, and it is a challenge to reach the expected level. Sustainability, in short, is all about achieving development goals to meet the current requirements without compromising on the needs of future generations. Sustainability in SCM is the ability to retain standardized processes without harming the environment. For this, the role of advanced technologies, artificial intelligence (AI), and blockchain technologies is to help make better decisions in terms of cost, maintain proper inventory portfolio, and boost performance.

In the contemporary era, explainable artificial intelligence (XAI) and blockchain technologies have transformed various industries, including SCM. These pioneering technologies offer exceptional opportunities to enhance efficiency, transparency, and sustainability in supply chain practices. The business language has recently comprised various notions, such as trading, designing, developing, and producing goods and services on demand. In this scenario, achieving success in the modern industrial era requires industries to build their business models so that the technology becomes central to their operations to meet uneven and irregular demands in the future of work and trade centers. In India, supply chain practices are gaining momentum, and the application of AI and blockchain in SCM holds immense potential (Dutta et al., 2020). AI, with its advanced data analytics capabilities and real-time decision-making expertise, can revolutionize supply chain operations by forecasting demand, optimizing inventory management, and improving overall efficiency (Dash et al., 2019). The practical implications of AI in SCM research are abundant; particularly, we would like to draw more attention to the latest evolution concerning supply chain disruptions caused by COVID-19. By leveraging AI algorithms, Indian companies can streamline their supply chain processes, reduce costs, and enhance customer satisfaction. By using the latest technologies, such as AI and blockchain, the traditional supply chain process has been changed in terms of analyzing huge volumes of data and extract prudent knowledge, allowing businesses to improve their supply chain procedures, changes in policy making, will develop proper decision-making process, and overall effectiveness (Akter et al., 2022). Modern supply chains are changing radically with the introduction of Industry 4.0 enabling technologies. With these technological changes, supply chains are becoming very complex, managing new partners and the evolution of old ones, geographically scattered and strictly aligned to satisfy even more critical customers.

At the same time, reliability and transparency have become crucial requirements in a globalized supply chain. AI and blockchain technologies can assist supply chains with concrete traceability and transparency attributes and address environmental and social sustainability issues (Khan et al., 2022). Blockchain has seldom been used in many industries, such as healthcare operations, logistics, educational institutions, cloud computing, adversarial contract methods, governance, and business intelligence systems (Wang et al., 2022). In addition to all these industries, the role of blockchain technologies also increased in the SCM procedures. Integrating the supply chain with blockchain enables product tracing, sustainability, and enhanced quality of the products (Kamble et al., 2020). These advanced technologies act as the kingmakers for the business sector and incorporate with the smart era and the lifestyle of human beings. Blockchain has emerged as one of the most eminent innovations today, gaining extensive attention as a versatile technology with broad applicability across different disciplines (Lu, 2019).

One of the key features of AI in recent development is that it acts as a decentralized version, a combination of AI and blockchain technology. The decentralized AI enables processing, analytics, and decision-making based on trusted, digitally signed, and secure shared data transacted and stored on the blockchain (Salah et al., 2019). This approach operates distributed and decentralized, eliminating the need for trusted third parties or intermediaries. With absolute assurance of vast amounts of data, blockchain emerged as a trusted platform for storing such data securely. The unique features of intelligent blockchain contracts allow the blockchain to govern the transactions among participants involved in decision-making or generating and accessing the data. Hence, AI and blockchain techniques can offer decentralized learning to facilitate trust, secure knowledge sharing, and determine outcomes across many free-standing agents who can contribute, coordinate, and vote on further decisions. Hundreds of AI technology innovations are becoming more efficient and productive in our daily lives. This can also be extended to highlight our social lives (Mhlanga, 2021). People’s lives are becoming problematic without Facebook, YouTube, Google Search, and other social media platforms. All these digital platforms, with the role of AI, can integrate with the essential features of blockchain, such as security, transparency, efficiency, and smart contracts; we will get super technology with endless capabilities and power comparable to no other (Singh et al., 2020).


AI and Blockchain Integration in SCM

AI and blockchain databases can be accessed and operated by people globally. This is a great advantage in handling creative containers, such as pharmaceuticals and most precious diamonds, leading to fraud or deceit. Using these technological tools to focus on validating data in less time so that there is a chance to deliver those goods safely and securely (Gupta et al., 2020) and these technologies also work on how to manage inventory management system, reduce courier costs and improve consumer trust, so that it is an added advantage to the companies to maximize gains in a stipulated time. There is a chance to grow the business in less time. Incorporating AI and blockchain helps to share product information among all stakeholders, such as manufacturers, wholesalers, retailers, and logistics service providers, which helps reduce transparency, interruptions, and struggles (Subramanian et al., 2020). These databases can avert stock from unforeseen situations in the supply chain because of a real-time tracking system (Chawla et al., 2023). Having the right stock at the right time helps businesses adequately manage their supply chains and customer service operations, improving the firm’s profitability. Instead of managing extensive paperwork, the two technologies will ensure an automated process to store all the information digitally, and data tracking will provide a more direct relationship between each stakeholder. This supply chain automation system helps ensure that everybody is responsible for their roles, and companies cannot train the employees. It leads to people being updated and makes everyone accountable for their actions (Blanchard, 2021). When AI and blockchain technologies are integrated into SCM, companies can achieve remarkable visibility and control over their operations (Tan et al., 2023). AI can analyze vast amounts of data from different sources to provide real-time insights and predictive analytics, enabling companies to make conscious decisions and respond rapidly to changes in demand or supply. Businesses can boost their supply chain operations, advance collaboration with partners, and enhance customer satisfaction using these technologies (Rane, 2023). As the digital transformation of supply chains progresses, companies embracing AI and blockchain technologies will likely gain a competitive edge and drive innovation in the industry (Akbari et al., 2023). AI and blockchain are superpower technologies trending for this endeavor as they hold the strong potential to develop the existing structure for increased efficiency and productivity. The integration of AI and blockchain has brought more incredible opportunities to actual practice.

In major sectors, such as healthcare, blockchain assists in the security and storage of patient data. At the same time, health authorities understand the patient insights from these data with the help of AI when access is allowed. This is an innovative example of how these technologies assist in managing patient data in the healthcare sector. As and when healthcare professionals need to understand and learn more about the patient’s health condition, they can immediately gain patient insights. By mounting the momentum of financial transactions and maintaining trust among the parties, the convergence of these technologies plays a significant role in the financial service industry. The need to generate AI algorithms that can safely process encrypted data is growing as AI entirely depends on large datasets. Blockchains inherently provide a high degree of safety, but it is significant to recognize that further layers or applications might not be entirely secured. The amalgamation of machine learning has the potential to expedite the implementation of blockchain applications in industries, such as banking, and facilitate the expectation of possible system breaches, hence increasing security protocols. Understanding the importance and requirement of the data market: The merging of AI and blockchain technology presents excellent prospects for enhanced security protocols and regular access control in the data market. New use cases are created by utilizing blockchain’s capacity to store vast volumes of data on a distributed ledger and using AI for effective management. Blockchain enables regulated access to authorized parties and secures storage of sensitive data, including medical records. As a result, markets have developed for AI services, models, and data. Blockchain and AI integration improve data management by permitting more efficient encryption and decryption techniques. By systematically examining character transformations, AI algorithms can quickly decrypt encrypted data, similar to human processes but with improved learning capabilities. When providing enough training data, AI can efficiently and promptly achieve expertise levels that typically require a human lifetime, further strengthening security measures. Optimizing energy consumption: In the real world, extreme energy consumption during the collection of data mining techniques is a significant problem. However, one of the advanced tools, machine learning, can provide a way to address this problem. By consuming past data from hundreds of sensors situated within a data center, Google’s DeepMind AI has successfully achieved a forty percent reduction in the energy needed to maintain ideal temperature levels in its data centers. By decreasing the cost of mining hardware, this innovative method progresses energy efficiency and potentially saves money in the real world.


The Pros and Cons of Implementing SCM in the Indian Corporate Sector

Incorporating the two AI and blockchain technologies is relatively crucial for the individual and industry, but simultaneously, inaccurate word joint implementation is rare. The advantage and difficulties of the implementation of integrated technologies are discussed scientifically and theoretically. First, the integrated implementation of AI and blockchain technologies assists in overcoming essential limitations exemplifying each of these technologies alone. An AI predictive analytical module is being developed to analyze vast supply chain data. It will help identify trends and patterns, predict future supply performance, and detect areas for improvement in the supply chain (Maheshwari et al., 2021). Additionally, disruptions in the supply chain process and significant comprehension can augment supply chain competence and drive business growth (Kashem et al., 2023). For example, AI can optimize truck routing and scheduling, reducing the time and cost associated with transportation. On the contrary, the improved quality of security and data protection in SCM allows smooth tracking of services and goods without financial embezzlement, thus impacting the system’s productivity (Xu et al., 2021). For smooth flow of materials and goods to the destinations, in the modern world, using SCM, the companies are getting so complicated, enlarged, and abundant (Handfield & Linton, 2017). To promptly analyze large datasets, the distinctive ability of AI can illuminate the inner workings of even complicated logistics networks. The supply chain has to take the opportunity to adopt these modern technologies on a large scale, which will help increase efficiency and productivity to overcome the post-pandemic effects (Sharma et al., 2021). Also, the potential of AI and blockchain in SCM revolutionizes the industry and its importance in the modern business landscape (Muthuswamy and Ali, 2023). AI with blockchain will build trust in the sector through intelligent contracts.

AI can reduce human dependency by understanding human emotions, eventually enhancing automation and performance (Glikson & Woolley, 2020). Integration of these two technologies can work with decentralized autonomous organizations, strengthen the assessment of community proposals, and foster transparency and efficiency in the decision-making process (Farnaghi & Mansourian, 2020). We all understand how the COVID-19 pandemic affected the lives of people. In these unforeseen situations, converging AI and blockchain is necessary to solve these problems (Nguyen et al., 2021). Recently, we have observed that cyber warfare is becoming a significant issue for many organizations. The confidential data, as well as the assets, are now in their database. With its immutability and security, AI can use blockchain to devise alleviation strategies to secure organizations. One major hurdle of public and private sector organizations is data communications and integration challenges with SCM. Every supply chain stakeholder, whether they are working with local or global suppliers, needs to utilize that data in a way that do not create supply chain silos. Organizations must improve supply chain performance and minimize disruptions by safeguarding better coordination between business partners and being actively involved in business operations with their close partners in global supply chains. The innovative nature of AI and blockchain technology means that there is enormous potential for improving SCM, but at the same time, the modern industry faces many difficulties (Aoun et al., 2021). As a result, the combined applications of these two technologies can compensate for their short comings in a paired manner. AI can help commercial businesses solve different problems in an efficient manner, such as efficient, data-driven decision-making. However, there are lots of issues with the flow of information through a supply chain that can have an intense influence on the implementation of AI algorithms that demand a suitable and consistent input. Blockchain can protect the data by facilitating the distribution of information from different sources while maintaining traceability and responsibility.

It depends on the requirements of organizations to create, develop, and identify training requirement and effective utilization of the models of AI and blockchain. Entities that train the model depend entirely based on the availability of data. The model might lead to improper outcomes if proper attention is not paid to data usage. Meanwhile, the competent model might be restricted if we employ unfair data. All of the above operations are difficult for users to understand, and users might not trust the model they are using. Therefore, we need an effective mechanism to implement AI technologies and monitor the progression, and the data and process embedded in the system must not be altered or copied. Blockchain technology acts as a platform that assists numerous players to communicate essential data confidently. It provides features, such as tamper-proofing and transparency, which are ideal for capturing the entire AI process. With a rapid rise of the Internet of Things (IoT), a large amount of IoT data has been developed and generated. We can obtain learning results and models from the giant IoT data through the AI technology. To perform complex model training tasks, collaboration with several devices is generally required owing to the distribution of IoT devices and the holding of computing devices. Blockchain privacy protection can take the form of either identity or privacy transaction. Transaction privacy prevents sensitive data from being tampered with. The majority of the existing schemes use blockchain applications and decision-making procedures to record training data and protect the confidentiality of important training documents. However, identity privacy is frequently overlooked. Scalability, one of the fundamental features of blockchain, may be examined based on both storage data and transaction rate. In AI applications, significant storage space is necessary in AI systems to retain training data and created transactions. However, the limited blockchain storage space makes storing all necessary data impracticable. Furthermore, smaller firms face higher obstacles in terms of cost and economies of scale when implementing these technologies as they have fewer resources than large corporations or governments do. Overcoming these challenges will require relationships between various stakeholders, including industry leaders, regulators, academics, and researchers, who can all contribute their exceptional perceptions to building more efficient supply chains powered by sustainable practice the most recent, open-minded, and cutting-edge technologies, such as AI and blockchains. To implement both technologies, purchase costs, maintenance, and significant capital are required as these are complex technologies. In the case of severe breakdowns, recovering when codes are lost and reinstalling the system may require considerable time and have high costs. Sometimes, when the data are not adequately retrieved, it can cause serious trouble for the business. Creativity is not the forte of AI; human beings are highly intellectual and more sensitive, and AI lacks the human ability to create or invent something entirely new. It uses the data it trains on and struggles when it faces unfamiliar situations. However, human creativity may grow further in areas where AI has less influence, such as credit managers becoming increasingly involved in high-level or major account decisions, which most companies may not leave entirely to AI practices.


Industry Requirements for AI and Blockchain Implementation

SCM has recently seen substantial development as a result of the integration of AI, machine learning, and blockchain technology. AI and blockchain technologies have transformed traditional supply chain processes by analyzing massive volumes of data and extracting valuable insights, assisting firms in improving their operations, decision-making, and overall efficiency (Elbegzaya, 2020). This chapter aims to thoroughly assess the many uses of AI and blockchain in SCM, focusing on both their potential advantages and difficulties. SCM, which includes supervising the flow of goods and services from ordering raw materials to distributing final product delivery to customers, is important to any firm’s success. Modern supply chains are complicated and dynamic, making it difficult for organizations to effectively manage operations and respond to shifting consumer expectations (Gattorna & Ellis, 2019).

In such situation, AI and blockchain applications can be used since they offer cutting-edge capabilities as these can revolutionize and create a competitive advantage in conventional supply chain procedures. AI and blockchain practical tools can be now accessed by supply chain professionals to improve the SCM process, consisting of demand prediction, inventory planning, supplier selection, risk assessment, and logistics optimization (Attaran, 2020). Organizations can use AI and blockchain applications to review past data, identify data patterns, forecast future demand, allowing them to achieve optimum inventory levels, avoid stockouts, and save costs. AI-powered algorithms can enhance the efficiency of logistics and transport operations by optimizing routes, planning deliveries, and reducing fuel consumption, resulting in cost savings and positive environmental effects (Bharadiya, 2023).

The business world and custom software growth services will significantly benefit from using blockchain and AI over the next five to ten years. With a profound grasp of current technological developments, revolutionary business executives understand the potential of combining these two technologies. Exploring the various ways that companies strengthen the use of blockchain technology and AI to expand innovation and improve operations is crucial. Understanding AI applications: The public’s reluctance to embrace AI is primarily due to the essential nature of human judgment, even with recent progress being nurtured in the field. Understanding the processes of computers is a difficulty that prevents their broad use. However, if AI’s decision-making procedures are open and traceable, the general public’s acceptance of the technology will grow faster. Combining AI and blockchain technology can potentially reveal previously hidden computer operations. Blockchain safeguards honesty and responsibility by sorting each AI decision into a scattered ledger. Information on a blockchain is perfect for delicate security applications, such as company audits, since it is unchangeable once documentation has finished. Progresses in security: Blockchain plays a more significant role in keeping sensitive and confidential data, such as medical records or personal recommendations, because of its robust data security, ensured by its built-in encryption. Blockchain safeguards the integrity of the data by providing tamper resistance and a transparent ledger, which means that any attempt to tamper with the data would be evident across the entire network. The role of AI algorithms is to process the data related to product quality defect inspection. AI can also analyze the data from sensors and IoT devices effectively used in manufacturing. The combination of AI and blockchain ensures integrity and consistency in terms of the quality of a product. This is important for industries that require maintaining quality standards because today’s consumers are very impressionable, so individuals must meet society’s standards. Producing optimum quality is crucial because consumers are becoming more quality-conscious these days and would not buy a product with visible defects or poor quality. Integrating this predictive maintenance data with blockchain technology can result in a secure and transparent record of equipment history, maintenance activities, and performance indicators. The results can be documented on the blockchain, providing an absolute record of product quality throughout the production process. In Industry 4.0, AI-powered blockchain technology needs quality management to assure dependability, security, and efficiency.


Challenges to Implement AI and Blockchain in SCM with Environmental, Social, And Governance (ESG) Initiatives

An ESG strategy is an organization-wide approach that refers to how companies score on the ESG metrics, which will help gain potential investments and assess the sustainability of industries. The ecological criteria examine how a company safeguards the environment. The ESG strategy has a direct impact on firm’s success and growth. This approach involves organizing firms in a way that provides long-term value without negatively affecting society. A worthy ESG strategy includes various sustainability factors, such as ecological footprint, green wealth, and employee wellness programs. An ESG strategy makes it easier for a company to increase investor confidence and consumer loyalty, reducing operating costs, and increase its financial performance and asset portfolio. Social criteria gauge how it manages relationships with employees, dealers, communities, and customers. Governance measures and defines a set of rules and best practices, along with a series of steps or actions that determine how the company is effectively managed and controlled.

ESG practices play a significant role in risk management within the supply chain. Environmental disasters, regulatory changes, and social issues can disrupt operations and lead to financial losses. By incorporating ESG principles with two major technologies, i.e., AI and blockchain, companies can identify and address potential risks in advance. It integrates AI and blockchain’s decentralized and immutable nature with ESG indicators to accurately monitor and assess sustainability and responsible corporate practices. Several organizations are actively involved in implementing ESG practices in the supply chain. The proactive measures are reflected in their inclusion of sustainability programs into their organizational operations, such as reducing carbon emissions, giving importance to the development of local communities, and ensuring fair labor standards. Most organizations also invest in blockchain and AI, which could help them regulate their supply chain network by continuously monitoring their ESG performance. The strategies of ESG provide a double advantage of enhanced efficiency in both their supply chain performance and their sustainability goals, thereby promoting operational efficiency through either improved tracking capabilities or increased customer satisfaction. Apart from the strategic measures ensured by ESG, it can also help reduce the risk of potentially negative impacts from suppliers’ behavior on the environment or people living near manufacturing sites. This strategy also encourages stakeholders to adopt sustainable behaviors using smart contracts and decentralized applications, thereby encouraging an environment that strengthens work with collaboration and innovation. For example, firms often face problems with all the legislation in different nations due to a lack of resources.

There is every possibility that some stakeholders cannot visualize the benefits of such projects in advance, leading to a decline in productivity. ESG could be an effective strategy for the future, considering its effectiveness in the supply chain. Still, it is essential to understand the purpose and impact of this strategy for increased productivity in organizations. Understanding applications of analytics and data needed to evaluate ESG effectiveness is challenging for business firms. Nowadays, many business firms do not acquire insights into their business operations, which makes it challenging to manage effectively. This could be raised due to a lack of knowledge.

Due to the invasion of social media platforms, consumers demand greater social responsibility from companies, resulting in organizations working tirelessly to meet the expectations for ethical sourcing and environmental considerations. These arise from the consumer sentiment that emerged as a powerful tool impacting ESG objectives in supply chains. To overcome the post-pandemic effects, the supply chain has to take the opportunity to adopt these modern technologies on a large scale, which will help increase efficiency and productivity (Ivanov & Keskin, 2023). Also, the potential of AI and blockchain in SCM revolutionizes the industry and its importance in the modern business landscape (Akbari et al., 2023). AI with blockchain will build trust in the industry through smart contracts. AI can ensure the reduction of human dependency and understanding of human emotions, which will eventually enhance automation and performance levels. Integration of these two technologies can work with decentralized autonomous organizations, strengthen the assessment of community proposals, foster the transparency, and increase the efficiency in decision-making.


Conclusion

The transformative blend of XAI and blockchain accompanies a new revolutionary technological force. Intelligent contracts are expected to evolve into intuitive entities, adapting and optimizing processes on the blockchain. This integration could decentralize the existing governance systems through AI and enhance decision-making that promotes fairness and inclusivity. The evolutionary algorithm is not the only future of AI but a fundamental change in data ownership. Blockchain security and AI’s strength would help individuals acquire a firm hold on their data. The alliance reflects the vast potential in the process of decentralization that includes emerging areas of predictive healthcare analytics and personalized customer experiences (Rane, 2023). The integration of blockchain and AI is set to redefine SCM by enhancing transparency, security, and efficiency. As these technologies continue to mature and become more available, we can expect to see more inventive and innovative applications that further streamline global supply chains. However, businesses must navigate the challenges associated with these technologies to realize their full benefits. In the future, SCM will flourish, with blockchain and AI leading the way toward more resilient, approachable, and customer-centric operation techniques that utilize blockchains that can offer decentralized learning to facilitate trust and secure the sharing of knowledge and decision outcomes across a large number of autonomous agents, which can contribute, coordinate, and vote on further decisions.

In conclusion, applying AI and blockchain technologies in Indian sustainable SCM practices offers a transformative opportunity for businesses to drive innovation, transparency, and sustainability. By harnessing the power of AI for demand forecasting, predictive maintenance, and process optimization and leveraging blockchain for traceability, transparency, and trust, Indian companies can enhance their competitive advantage, meet regulatory requirements, and contribute to a more sustainable future as India plays an important role in altering the country’s future of SCM. Governments worldwide are gradually building rules to reduce greenhouse gas emissions and encouraging firms to use effective sustainable practices. Failure to comply with these regulations can result in hefty fines or even legal action against enterprises that violate environmental norms. Furthermore, customers nowadays are becoming more environmentally conscious than ever before. They expect corporations to source their products that sustainably impact on the environment. Companies that fail to meet these standards risk losing their customers’ belief, loyalty, and business. Furthermore, supply chain sustainability has an important part of corporate social responsibility (CSR). Many companies have acknowledged the moral obligation of reducing environmental damage while boosting financial success by implementing responsible supply chain procedures. In today’s global SCM, sustainability is a crucial factor. Enterprises must identify and prioritize collaboration among the stakeholders involved in the value chain to accomplish sustainable SCM. This includes marketers, producers, dealers, distributors and customers. This integrated strategy helps discover areas for improvement where enhancements at every stage while building confidence among partners. Many companies are focusing on their environmental footprints and CSR standards. Integrating AI, blockchain, and ESG reporting provides real solutions for improving sustainable supply chains. These breakthrough technological advancements enable businesses, such as retail, health, agriculture, education, logistics, and finance, to gain economies of scale while boosting process transparency.
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Introduction

In today’s global economy, sustainable production has become a concern for businesses, governments, and consumers about efficiency and environmental responsibility. Sustainable supply chain practices are important for reducing environmental impact, improving social responsibility, and ensuring long-term business success, efficient use of resources, and customer loyalty. All changes and movements of goods can be recorded on the blockchain, creating a stable and permanent record (Bai & Sarkis, 2013). Consumers can verify whether the coffee they buy is ethical or whether the seafood they consume is preserved. It reduces the risk of human error or fraud if the organization needs assistance. These contracts can be completed if a preexisting condition is met, ensuring that the contract is completed on time and successfully (Bhatia & Srivastava, 2018). This automation increases efficiency and reduces administrative costs. Artificial intelligence (AI) algorithms can analyze large amounts of data to accurately predict demand, improve product levels, and identify inefficiencies. Forecasting using AI allows companies to predict market trends and adjust their strategies accordingly.


Blockchain with Explainable AI (XAI)

Combining blockchain with XAI enhances transparency, trust, and accountability in complex systems, such as supply chain management (SCM). Blockchain ensures a secure, tamper-proof record of all transactions, while XAI makes AI-driven decisions transparent and understandable. This integration allows businesses to track and verify data integrity while understanding the rationale behind AI recommendations, leading to better decision-making, improved compliance, and reduced risks. Together, blockchain and XAI create a robust system that supports ethical, transparent, and efficient operations. AI can determine the best route and delivery by analyzing real-time data on traffic, weather, and delivery times. Interruption: The combination of blockchain and AI creates a powerful integration and improves continuous SCM capability (Govindan et al., 2014). The system can track the lifecycle of a product from raw materials to end-of-life recycling (Angelis & Ribeiro Da Silva, 2019). The principle that products are designed for reuse, renewal, and recycling in order to reduce waste and maximize resource efficiency. XAI provides many benefits, including transparency, improved efficiency, reduced costs, and better compliance with security standards. Key issues include scalability, the need for standardization and interoperability, data privacy concerns, and the challenge of integrating artificial intelligence (AI) into existing systems. The demand for qualified workers will be great. Collaboration between stakeholders, including technology providers, partners, and regulators, is crucial to overcome these challenges and recognize all the resources on blockchain and expertise in SCM (Figure 10.1).

[image: A conceptual framework diagram linking blockchain technology, green information systems, and green supply chain practices to performance outcomes. The diagram illustrates the relationship between technological and informational systems, sustainable supply chain practices, and multidimensional performance metrics.]
Figure 10.1 Blockchain technology for sustainable development.
‘Blockchain technology provides transparency and traceability throughout the supply chain with its distributed and immutable data. Participants access data to ensure the authenticity and sustainability of the product (Andoni et al., 2019). This transparency is necessary to build customer trust and meet regulatory requirements for leadership. Predict demand, optimize resource utilization and better manage risk. When combined, blockchain and AI can revolutionize SCM by providing a robust security system, work, transparency, efficiency, and sustainability. AI, in particular, helps companies achieve environmental goals and create a role in the future by bringing powerful analytics and optimization that can drive smarter and more sustainable businesses.’


Blockchain Technology for Sustainable Development with AI tools and Mathematical Equations

Blockchain technology, coupled with AI, can significantly enhance sustainable development by improving transparency, efficiency, and accountability in various sectors. This integration leverages the strengths of both technologies to address complex sustainability challenges. We explored how blockchain and AI tools can be applied to sustainable development, including relevant mathematical equations as shown below.


Applications and Tools


	
1. Supply Chain Transparency and Traceability


	Blockchain: Provides an immutable ledger to record each transaction across the supply chain.

	AI Tools: Machine learning algorithms analyze data for anomaly detection and optimize logistics.


Mathematical Model:

∑i=1ncixi

where:


	ci: The cost associated with supply chain stage i

	xi: The decision variable for stage i



	
2. Energy Management


	Blockchain: Ensures transparency and secures energy transactions.

	AI Tools: Predictive analytics optimize energy usage and load balancing.


Mathematical Model:

ŷ=β0+β1x1+β2x2+…+βnxn

where:


	ŷ: The predicted energy consumption

	xᵢ: Input features (e.g., temperature and time of day)

	βᵢ: Coefficients determined through regression analysis



	
3. Environmental Monitoring


	Blockchain: Stores environmental data securely and transparently.

	AI Tools: Neural networks and computer vision for analyzing environmental data.


Mathematical Model:

Environmental Change Detection:D(t)=1N∑i=1N∣Ii(t)−Ii(t−1)∣

where:


	D(t): The detected change at time t

	Iᵢ(t): The environmental indicator i at time t

	N: The total number of indicators



	
4. Sustainable Finance


	Blockchain: Tracks and verifies the use of funds in sustainable projects.

	AI Tools: Risk assessment models and impact evaluation using machine learning.


Mathematical Model:

Investment Impact Score:I=∑j=1mwjfj(x)

where:


	I: The impact score

	wj: The weight of criterion j

	fj(x): The function representing criterion j based on investment x



	
5. Smart Cities


	Blockchain: Secures data from Internet of Things (IoT) devices and ensures data integrity.

	AI Tools: Smart algorithms for traffic management, waste management, and energy optimization.


Mathematical Model:

Traffic Flow Optimization:min∑k=1Ktk.fk(x)

where:


	tk: The travel time on route k

	fk(x): The flow on route k

	K: The total number of routes





Sustainable Supply Chain Practices with Blockchain and AI

Sustainable practices are becoming more important as companies try to balance their business with environmental care and social responsibility. Rathod and Ragha (2022) examined the state of the art of blockchain and AI in SCM, highlighting key findings, opportunities, and future directions. Blockchain technology, characterized by its distributed, transparent, and immutable information, is gaining ground in chain management as its ability to improve traceability, security, and performance attracts intense attention (Babusing Rathod, 2023). There are concerns about labor and environmental impacts. Information is important in the supply chain, especially in high-value industries such as pharmaceuticals and luxury goods.

Blockchain can also be used to transform business through smart contracts and thus improve the chain of operations. Kuppusamy et al. (2022) discussed how smart contracts can reduce the need for intermediaries, thus reducing transaction costs and speeding up the process. AI technologies, including machine learning, predictive analytics, and optimization, provide powerful tools for decision support, prediction, and well-being. Intelligent forecasting capabilities are crucial for demand forecasting and inventory management. AI can optimize logistics and transportation by finding the most efficient routes and methods for delivering goods. By optimizing these logistics processes, companies can minimize their environmental footprint and lower costs’(Ball & Craig, 2010). AI can also assist in vendor selection and risk management.

Blockchain’s immutable record, combined with the power of intelligence and big data analysis, can comply with security standards. For example, AI algorithms can monitor blockchain data to ensure suppliers comply with environmental and social regulations. Blockchain can provide instant, transparent information about assets, and AI can use this information to predict maintenance needs and prevent equipment failure. The potential benefits of AI in the supply chain are huge, but several challenges remain to be solved. Scalability of its performance is an issue in large-scale supply chains. Similarly, AI algorithms also require significant financial resources, which can be detrimental to some organizations.’

While blockchain provides robust security, the integration with AI poses additional privacy concerns (Ahl et al., 2020). AI systems often require large amounts of data, which can include sensitive information. Ensuring that these data are handled securely and in compliance with privacy regulations is crucial. The adoption of blockchain and AI requires significant investment in technology and skills. Many organizations may face resistance to change and a lack of expertise. Education and training programs, along with pilot projects and case studies, can help demonstrate the value of these technologies and ease the transition (Kaya & Viswanathan, 2021). Table 10.1 summarizes a literature survey in tabular form highlighting key studies on the integration of blockchain and AI in sustainable supply chain practices.


Table 10.1 Summary of studies on the integration of blockchain and AI in sustainable supply chain practices


	Reference
	Objective
	Methodology
	Key findings



	Gupta et al.
	To explore the integration of blockchain and AI for enhancing sustainability in supply chains
	Literature review and case studies
	Integration of blockchain and AI can enhance transparency, traceability, and efficiency


	Kouhizadeh et al.
	To examine the potential of blockchain in promoting sustainable practices in SCM
	Qualitative analysis and interviews
	Blockchain can provide immutable records, reduce fraud, and improve compliance with sustainability standards.


	Min
	To analyze the role of AI in improving supply chain sustainability
	Quantitative analysis and simulation models
	AI can optimize supply chain operations, reduce waste, and predict demand more accurately, contributing to sustainability.


	Saberi et al.
	To investigate the combined impact of blockchain and AI on supply chain resilience and sustainability
	Systematic literature review
	Blockchain and AI together can enhance supply chain resilience, reduce environmental impact, and improve resource efficiency.


	Wamba and Queiroz
	To evaluate the effectiveness of blockchain in enhancing sustainable supply chain transparency
	Empirical analysis and surveys
	Blockchain improves data transparency and accountability, leading to more sustainable and ethical supply chain practices.


	Ivanov et al.
	To assess the impact of AI-driven predictive analytics on supply chain sustainability
	Case studies and predictive analytics models
	AI-driven predictive analytics can significantly improve supply chain forecasting, reduce excess inventory, and minimize environmental footprint.


	Queiroz et al.
	To explore the synergies between blockchain and AI for sustainable supply chain innovation
	Conceptual framework and expert interviews
	Blockchain and AI can synergize to foster innovation in sustainable supply chains by enhancing data integrity, process automation, and strategic decision-making.


	Nimmy
	To systematically review the literature on the role of explainability in managing operational risks within supply chains.
	The study conducts a comprehensive analysis of existing research, and categorizing and evaluating approaches that enhance the explainability of risk management tools in supply chains.
	The review finds that improving explainability in risk management tools leads to better decision-making and risk mitigation in supply chains. However, there is a need for more advanced methods to balance explainability with the complexity of supply chain operations.


	Kosasih
	To review the use of XAI in SCM, with a focus on neurosymbolic approaches.
	Analyzes existing literature on the integration of neural networks and symbolic reasoning in SCM.
	Neurosymbolic methods improve AI explainability in SCM but face challenges in practical application and integration.



Proposed System

Technologies such as blockchain and AI hold great promise in improving the sustainability of SCM. The system uses this technology to reduce environmental impact and operating costs while improving traceability, transparency, efficiency, and compliance. It is aimed to create a sustainable and responsible supply chain ecosystem by solving the basic problems in the implementation of the supply chain. These key components include blockchain network, AI, data integration, and user interface. Each element plays an important role in the efficiency and functioning of the system. This decentralized and immutable ledger records all transactions and transactions, providing fair and transparent information.

Blockchain networks include ledgers and smart contracts. The ledger system keeps a transparent record of each transaction, allowing the source and journey of the product to be tracked. This traceability is important to ensure product authenticity and sustainability, especially in businesses with complex supply chains such as food, textiles, and electronics. Smart contracts, on the contrary, can enforce security standards and enforce compliance with certain conditions. For example, smart contracts can redistribute equipment when stocks fall below a certain threshold or schedule equipment repairs based on real-time data.

Predictive analytics algorithms analyze historical and real-time data to predict demand and optimize inventory levels. The demand for originality is important in reducing waste and using resources efficiently. By predicting future demand, the system can help companies manage inventory effectively and reduce the risk of overstock or out-of-stocks. Optimization algorithms focus on delivery and transportation, calculating the best performance and delivery methods. This optimization helps reduce the environmental footprint by reducing fuel consumption and emissions. Anomaly detection systems monitor blockchain data to identify anomalies and potential risks in devices. By creating conflicts, these systems can be quickly adjusted to prevent disruptions and ensure the smooth functioning of the supply chain. This process includes data collection, data processing, and data storage.

Sensors, IoT devices, and guides collect instantaneous data about objects, places, and the environment. This information is then preprocessed and verified before being recorded on the blockchain. Ensuring the accuracy and completeness of the information is essential for the operation of the system. Shared data ensure that only original information is stored on the blockchain, providing a trusted basis for intelligent search and decision-making. chain. This dashboard provides instant tracking, analysis, and alerts, allowing users to monitor products and respond quickly to any issues. Reporting tools allow users to create compliance reports, performance metrics, and security metrics. These reports are important for internal audit and compliance management as they provide transparency and accountability. Sensors and IoT devices capture real-time data, which are fed into the blockchain ledger through secure and authenticated channels. This ensures data accuracy and tamper protection. The data are then processed and stored in a shared file. Evidence is recorded on the blockchain, making it transparent and immutable. Predictive analysis algorithms predict demand and improve product levels, while optimization algorithms calculate the best transportation options. Anomaly detection systems monitor blockchain data to identify anomalies and potential threats. These AI insights enable product managers to make informed decisions and take proactive steps to ensure robust and efficient operations. These contracts trigger actions based on certain conditions, such as ordering new equipment or scheduling maintenance. This automation reduces the need for manual maintenance and ensures consistent application of best practices. This dashboard provides instant tracking, analysis, and alerts, allowing users to monitor the supply chain and respond quickly to any issues.

Reporting tools create customized reports for internal and external audits, transparency, and accountability. Improved traceability and transparency are achieved, thanks to immutable blockchain data that provide transparent information about all transactions and operations. This traceability ensures the authenticity and sustainability of the product, especially in businesses with complex supply chains and predictive maintenance failure. This reduces downtime and supports sustainability by extending the life of your equipment. This reduces fuel consumption and emissions and reduces the environmental footprint of the supply chain. Smart contracts that enforce security standards and generate compliance reports for compliance and reporting. This reduces the need for manual maintenance and ensures consistent application of successful practices. Scalability is an important issue because blockchain networks, especially public blockchains, often face scalability issues that can affect their effectiveness for large-scale transactions. It is important to ensure that the system can perform many business functions. Similarly, AI algorithms require significant financial resources, which can be detrimental to some organizations. It is crucial to create more efficient algorithms and scalable blockchain solutions to solve these problems.’

Interoperability of various blockchain platforms and AI is another challenge. It is important to establish policies and procedures to ensure integration and communication between different devices and connected devices (Jang et al., 2016). Data privacy and security are also important considerations. While blockchain is extremely secure, integrating it with AI raises additional privacy concerns. Ensuring secure management of sensitive information and privacy policies is important to maintain trust and integrity. Many organizations will face resistance to change and a lack of expertise. Education and training, as well as practical experiments and case studies, can help demonstrate the value of this technology and ease of adoption.’


Results and Discussion

This section presents the results and discussion of implementing the proposed system for sustainable supply chain practices using blockchain and AI. The evaluation covers improvements in traceability, transparency, efficiency, and compliance, with numerical values showcasing the impact (Rességuier & Rodrigues, 2020). The results are summarized in Table 10.2.’


Table 10.2 Comparison of baseline and post-implementation metrics highlighting the improvements in supply chain performance and operational efficiency


	Metrics
	Baseline value
	Post-implementation value
	Improvement (%)



	Traceability accuracy
	70%
	95%
	35%


	Transparency score
	60
	90
	50%


	Inventory turnover ratio
	5.2
	6.8
	30.77%


	On-time delivery rate
	85%
	95%
	11.76%


	Supply chain compliance rate
	75%
	98%
	30.67%


	Average lead time (days)
	10
	7
	−30%


	Energy consumption (kWh per unit)
	1.5
	1.2
	−20%


	Operational cost reduction (%)
	N/A
	15%
	15%


	Customer satisfaction index
	78
	92
	17.95%


	Data integrity and security incidents
	5
	1
	−80%


To compare the results of implementing blockchain technology combined with AI tools for sustainable development with existing systems, we need to focus on key performance indicators (KPIs) that measure efficiency, transparency, accountability, and environmental impact. Table 10.3 shows a hypothetical example demonstrating these comparisons with numerical values in a table format.


Table 10.3 KPI comparison between existing systems and blockchain with AI tools highlighting efficiency, cost savings, and sustainability improvements


	KPIs
	Existing system
	Blockchain with AI tools
	Improvement (%)



	Energy consumption (MWh/year)
	1,200
	1,020
	15%


	Supply chain efficiency (%)
	75
	90
	20%


	Fraud detection rate (%)
	60
	95
	58.33%


	Data transparency (Score)
	5
	9
	80%


	Operational costs (USD/year)
	2,000,000
	1,600,000
	20%


	Carbon emissions (tons/year)
	1,000
	800
	20%


	Resource utilization efficiency
	70%
	85%
	21.43%


	Time for compliance audits (days)
	30
	10
	66.67%


	Transaction speed (seconds)
	60
	10
	83.33%


	User satisfaction (Score)
	6
	9
	50%


The integration of blockchain with AI tools has brought significant advancements across various KPIs compared to traditional systems. Energy consumption has been reduced from 1,200 MWh/year to 1,020 MWh/year, thanks to predictive analytics optimizing energy usage, while the supply chain efficiency increased from 75% to 90% through automated tracking and AI-driven processes. Fraud detection has also drastically improved, with the detection rate rising from 60% to 95%, utilizing AI anomaly detection and the immutable nature of blockchain records. Data transparency experienced a notable jump, with scores rising from 5 to 9 due to the decentralized, transparent nature of blockchain, resolving the opacity in traditional systems. Similarly, operational costs decreased by 20%, from USD 2,000,000 to USD 1,600,000, driven by reduced inefficiencies and fraud. Environmental benefits include a 20% reduction in carbon emissions, enabled by optimized resource and energy management. Real-time insights and AI optimization improved resource utilization efficiency, which rose from 70% to 85%. Moreover, compliance audits, previously requiring 30 days, now took just 10 days, as blockchain ensures instant access to verified data. Transaction speeds have improved significantly, dropping from 60 seconds to just 10 seconds, enabled by decentralized processing and smart contracts. Finally, user satisfaction scores increased from 6 to 9, reflecting enhanced service delivery and system transparency. These results highlight the transformative potential of blockchain and AI technologies in addressing inefficiencies, reducing costs, and improving sustainability, ultimately fostering a more efficient and transparent operational environment.

The integration of blockchain and AI technologies has significantly improved key supply chain metrics, delivering enhanced performance, sustainability, and customer satisfaction. Traceability accuracy rose from 70% to 95%, driven by blockchain’s immutable data records that ensure the authenticity and safety of products, especially critical in industries, such as food and pharmaceuticals. Similarly, the transparency score increased by 50% as blockchain’s decentralized structure minimizes information asymmetry and promotes stakeholder trust, particularly beneficial in complex multilevel distribution systems. The inventory turnover rate improved by 30.77%, from 5.2 to 6.8 as AI-powered predictive analytics optimized inventory management, reducing stock levels, product outages, and associated costs. The on-time delivery rate also climbed by 11.76%, reaching 95%, thanks to AI algorithms that optimize delivery routes and methods, enhancing customer satisfaction and maintaining market competitiveness. Furthermore, the supply chain compliance rate increased significantly by 30.67%, with smart contracts enforcing sustainable development standards and reducing the manual compliance burden.

Operational efficiency gains were evident in the average delivery time, which dropped by 30%, from 10 to 7 days, due to improved collaboration among supply chain participants facilitated by AI and blockchain. Energy consumption per unit decreased by 20%, owing to optimized logistics and transportation routes, contributing to environmental sustainability and cost reductions. Overall operating costs declined by 15%, attributed to streamlined inventory control, predictive maintenance, and automation, which enhanced profitability and competitiveness. Customer satisfaction also saw a notable increase, rising by 17.95% from 78 to 92, reflecting the benefits of improved transparency, faster deliveries, and enhanced traceability. Finally, data integrity and security incidents dropped by 80% as blockchain’s robust security features ensure the accuracy of information and prevent unauthorized changes, building trust and maintaining regulatory compliance. These advancements collectively highlight the transformative potential of blockchain and AI in modernizing supply chain operations and achieving sustainable growth.


Future Enhancement

The integration of blockchain and AI technology into SCM has shown great potential to increase traceability, transparency, efficiency, and sustainability. However, this technology needs to be continuously developed, and the quality of competitor products needs to be continuously improved. This section outlines future developments that can optimize the supply chain using blockchain and AI. Enhancing scalability and interoperability remains a significant challenge for blockchain technology, particularly in public blockchains. As the number of transactions increases, the network can become congested, which slows down times and increases costs. Future improvements may include the adoption of secondary systems such as state channels and sidechains, which allows transactions to be completed outside of the main chain and decisions to be made regularly. Additionally, building effective consensus algorithms such as Proof of Stake (PoS) or Delegated Proof of Stake (DPoS) can help reduce conversations and increase transactions and technology. It is essential to ensure uninterrupted communication and information exchange between these different systems. Future developments may focus on creating custom protocols and processes to facilitate collaboration between different blockchain platforms and legacy systems. Interoperable solutions, such as blockchain and blockchain-agnostic platforms, can enable information and assets to be transferred across different blockchain networks, so improving products are simple and composable.

While existing AI models have their advantages, improvements can be made in predictive accuracy and ability to solve complex, connected products. Future developments will include the development of advanced machine learning that can analyze larger datasets and identify subtle patterns and relationships. Reinforcement learning is a type of machine learning in which the agent learns to make decisions by interacting with the environment. It is especially useful for electronic devices. Making decisions and acting without human intervention is a great advance for the future. This could include driverless cars and drones for transportation and delivery, AI-powered robots for warehouse management, and smart contracts that automatically negotiate and execute the market based on set conditions. These advances can increase efficiency, reduce human error, and increase overall energy efficiency. Improved Data Privacy and Security

Ensuring data privacy and security is a priority in SCM. Future developments will include the use of confidential computing, which uses a hardware-based trusted execution environment (TEE) to process sensitive data in a single location. This approach ensures that the data are protected even while they are being processed, thus addressing privacy concerns and ensuring the security of multiple parties. Prove that this statement is true without giving any other information. The use of ZKP in commercial transactions can increase privacy by allowing participants to verify the authenticity of transactions without revealing sensitive details. This is especially useful for verifying compliance with security standards without revealing private information. Future developments will focus on the integration of the business into SCM. Blockchain can track the lifecycle of products from production to disposal, ensuring efficient use and recycling of products. AI can improve this process by predicting when a product has reached end-of-life and arranging for it to be refurbished or recycled. AI can be used to improve energy efficiency in manufacturing, transportation, and business. Future developments will include creating smart models to predict energy consumption and identify energy saving opportunities. Additionally, blockchain can support the use of renewable energy by tracking the location and distribution of energy, ensuring that the supply chain is supported by sustainable energy. The future of SCM lies in human-machine interaction. It is important to develop smart skills that enhance people’s abilities rather than replacing them. Future developments will include the creation of AI with better understanding and decision support tools that provide better insight into human resources. This process can help experts make more informed decisions and respond quickly to changes. For example, augmented reality (AR) can assist warehouse workers by transferring digital information to physical objects and guide them through complex tasks. Virtual reality (VR) can be used for training, to simulate supply chain conditions and allow employees to practice their skills in a safe environment.’


Conclusion

Integrating blockchain and AI into SCM represents a groundbreaking advancement and provides benefits in terms of sustainability, efficiency, transparency, and security. The proposed system addresses the fundamental challenges faced by traditional equipment and provides a strong foundation for future development. Traceability and transparency are enhanced by immutable blockchain data, ensuring that all changes and movements in the supply chain are recorded and accessible to stakeholders, thus preventing fraud and creating a good environment for customers and stakeholders to build trust. AI forecasting and optimization can predict demand, improve product quality, reduce inventory, reduce product outages, increase efficiency, and reduce costs. AI-powered logistics optimization will further reduce operating costs and the environment by reducing fuel consumption and delivery time. The system’s focus on sustainability is influenced by its ability to reduce waste, energy consumption, and carbon footprint and meet environmental and governance objectives. Blockchain’s cryptographic capabilities and related events ensure the security and integrity of data, prevent unauthorized access and tampering, and maintain trust between supply chain partners. The combination of AI and blockchain improves human-machine collaboration and provides instant insights and decision support tools, allowing supply chain managers to make informed decisions and drive innovation. AR and VR for training and skill development are further empowering employees. By promoting technology, companies can differentiate themselves from their competitors and attract customers and investors. The scalability and flexibility of the system allows for increased use and continuous improvement to meet the needs for changes and technological updates. This futureproofing ensures that the company can continue to use blockchain innovation and AI to remain competitive in the fast-paced industry. The proposed system provides solutions to daily equipment management challenges by creating a high-quality, efficient, and environmentally friendly system, which is important for long-term business and competitiveness.
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Introduction

Artificial intelligence (AI) is a branch of computer science, which is related to creating intelligent systems through generic programming, i.e., machine learning (ML); therefore, AI is a technology that allows us to generate, classify, and perform the tasks, such as image analysis, and speech recognition Explainable AI (XAI) is a set of the process and methods that allows to describe an AI model, the used models in AI. XAI assists in characterizing model correctness, fairness, transparency, and accuracy in AI-powered decisions. XAI is crucial for a business organization in building trust and confidence when putting the AI models into supply chain management (SCM). SCM is an essential element for businesses aiming for operational efficiency, transparency, and agility in the fast-paced world of global trade. A significant improvement is offered by the integration of blockchain technology (BCT) into SCM to handle enduring problems including vendor-customer coordination, fraud prevention, and traceability. This chapter examines the different benefits and difficulties that a corporation may encounter when integrating BCT into its supply chain. SCM stands for “supply chain management,” which describes the processes used for transforming raw materials into finished products. The central management of goods and services moving from a business to a customer is known as supply chain management or SCM.

Cooper et al. (1997) defined SCM as managing the total integrative flow of materials from raw material suppliers through production, warehousing, and transportation to the end users. SCM is said to be effective if it minimizes cost, wastage, and time during all stages of the SCM. Every SCM has five critical components: (i) planning, (ii) sourcing, (iii) manufacturing, (iv) delivery and logistics, and (v) returning. Effective SCM has 5 C’s: (i) Connected, (ii) Collaborative, (iii) Cyber aware, (iv) Cognitively enabled, and (v) Comprehensive. Currently, SCM is extremely complicated. The product travels through several distinct parties and individuals. Most businesses manage their logistics and other operations using enterprise resource planning (ERP) and SCM software. The emergence of innovative technology has significantly boosted the effectiveness and efficacy of all businesses, including the supply chain. However, firms must swiftly embrace this cutting-edge technology if they intend to survive in this competitive marketplace. To share information among stakeholders (such as order confirmation, inventory reports, and dispatch details) and from consumers to suppliers (such as purchase orders, quotation requests, and quality complaints), supply chain specialists require trustworthy, precise, quick, and real-time data, which can be carried out successfully and efficiently by modern technologies for providers and for customers.


Challenges in Current SCM

Manufacturers cannot continue production due to shortage of essential material and components that may push up the cost of supply, reducing profits and frequent increase in price of the products. Supply chain on global level is being worsened by rising operational costs, which become tougher by inflation. Companies require assistance with rising manufacturing costs because it affects product availability. Customers and regulators have repeatedly asked for transparency to ensure knowledge of the product’s source, traceability of environmental impact, and ethical sourcing. The two major supply chain concerns currently are transparency and traceability.

Operating costs for supply chain organizations are always rising due to rising inflation, shifting geopolitical landscapes, and more competition. Companies’ input costs are rising due to rising fuel prices, energy prices, and stringent environmental restrictions. Customers, however, anticipate cheaper, faster delivery, which reduces company revenues. The constantly changing dynamics of the market and erratic consumer behavior make demand forecasting increasingly difficult to model. Demand patterns and stock management are significantly affected by the constantly changing expectations, buying behaviors, and tastes of consumers. Companies are facing a new supply chain challenge because of changing customer behavior and must restructure their supply chains accordingly. Visibility is one of the primary challenges in SCM. Smart contract (SC) visibility may be defined as the capacity to track the movement of goods from the seller to the buyer. Without visibility, there would be difficulty in optimizing the supply chain and making smart choices.


Overview of BCT

Blockchain is a contemporary, distributive, distributed technology, which upholds the accessibility, confidentiality, and integrity of every piece of information and transactions. BCT has proven to be an influential force in SCM, redefining the ways businesses track, validate, and encrypt their transactions. Blockchain provides unattainable levels of effectiveness, conviction, and transparency owing to its decentralized and irreversible nature to all activities of supply chain. Blockchain refers to a network-distributed digital shared ledger. It is highly secured for business operations since once the records are added, they cannot be changed without also updating the preceding records (with the agreement of all/majority of interested parties). It has numerous applications across industries, such as creating SCs to detect financial fraud or safely transferring medical records among medical specialists (Dutta et al., 2020).

Blockchain can revolutionize the supply chain sector by improving inventory control, eradicating fraud, improving traceability, and simplifying logistics. The supply chain is a crucial component of how firms run; therefore, combining BCT with it is a creative idea. BCT provides four crucial elements that could improve SC members’ cooperation and integration, which are transparency, validation, automation, and tokenization (Babich & Hilary, 2020). Transparency concerns itself with the distributed ledger, which records information collected from several blockchain users and sources. Consensus-based verification and the immutability of records facilitate content validation (Pradhan & Singh, 2021). Automation is the ability to employ blockchain SCs and verifiable data to execute actions. BCT enables the creation of tokens that, when exchanged among blockchain users, indicate a particular claim to any form of asset (Chen, 2018).

Concerning safety and confidentiality controls, every business has distinct standards and expectations. Blockchain can be structured into three distinct kinds of frameworks: consortium (hybrid), private, and public (Choi et al., 2018). Public blockchains are open, permissionless networks that are accessible to all users. Anyone with network access can read, write, and work with blockchain. A public blockchain is decentralized and does not have a single entity in charge of the network. Since they cannot be changed once they have been verified by the network, data on a public blockchain are safe. A private blockchain has an administrator who oversees critical tasks and grants or restricts access. It is commonly referred to as a permissioned blockchain due to its restrictions on transaction and validation involvement. When developing the blockchain application, the relevant authorities and chain developers selected the entities for this network. Since these blockchain applications are used internally by businesses, companies are unlikely to allow the public to have access to them. Consortium blockchains integrate the most beneficial characteristics of public and private blockchain technologies while offering an intermediate solution (Qiao et al., 2018). Like a private chain, a consortium blockchain is privately held, but it is not owned by a single entity. Instead, a group of people from different sectors or a group of companies owns the chain. Since a consortium blockchain is used to coordinate data from numerous sources, it also performs different roles. It contributes to the efficient and safe transfer of data between entities. Blockchain technologies are becoming more and more popular in the field of SC, with the main areas of focus being end-to-end integration, management, decision-making, knowledge sharing, decentralization, and improved security of data (Surjandy et al., 2019).


Integration of BCT and SCM

The distributed ledger technology (DLT) is a distributed, encoded database that holds records of all the transactions. DLT is a database that is available to many users worldwide and dispersed among numerous computers, nodes, organizations, or nations. All the transactions are transparent since the database is not managed by a central server or authority. A SC, also referred to as a crypto contract, is a computer software which, in certain situations, controls the parties’ exchange of digital assets directly and automatically. A SC not only works like a traditional contract but also has automatic enforcement built in. SCs are programs that work exactly as their developers have designed, written, and programmed them to. Like traditional contracts, SCs are enforceable by code rather than by law (Kilbride, 2021).

SCs eliminate the requirement for middlemen, lower administration expenses; in addition, they also eliminate error and dispute risks by utilizing the decentralized and transparent aspects of BCT. For example, the SC can automatically pay the seller if the shipment reaches a certain place. Automation makes supply chain partners more efficient and accountable, ensuring that agreements are fulfilled. SC traceability is defined by ISO 9000:2000 as “the ability to trace the history, application or location of that which is under consideration” (David, 2005). Businesses may keep an immutable record of every product’s path from its point of origin to its destination with BCT. Blockchain’s irreversible and transparent record-keeping allows businesses to track the flow of supply with unmatched accuracy. A high level of traceability enhances accountability and is necessary for product recalls and quality assurance. Consumers who are better informed about the origins of the items they use form close, trusting relationships with the companies.

Digital signatures, which are executed via a SC feature, simplify human paperwork-based validation processes, going beyond SC traceability. BCT streamlines validation operations by providing dependable information (Wang et al., 2019). BCT provides transparency to manage the supply chain. Stakeholders in traditional supply chains can lack visibility and mutual trust BCT, which provides an unchangeable, decentralized ledger that anybody can view and validate. Since every transaction on the blockchain is public and irreversible, all parties can rely on a reliable source of information. BCT allows businesses to track products in real time, from the acquisition of raw materials to the finished product, helping them recognize inefficiencies, bottlenecks, and prospective areas for improvement. By strengthening relationships between suppliers, customers, outsourcing companies, third-party logistics providers, and subcontractors, the blockchain expedites the transparency of goods and transactions. It also assists in long-term planning to the management.

The use of BCT in SCM is common, and one of its primary applications is inventory management. Traditional inventory management systems have several drawbacks, including inaccuracy, inefficiency, and an absence of real-time monitoring. Blockchain addresses such problems by offering a secure, transparent ledger that tracks the movement and status of inventory items across the supply chain. Real-time data can be recorded on the blockchain by Internet of Things (IoT) devices and sensors, enabling stakeholders to precisely track inventory locations, conditions, and levels. This transparency helps to accelerate supply chain procedures and reduces the likelihood of overstocking or stockouts. Blockchain’s transparent and irreversible nature makes it possible to provide an accurate and auditable record of every business transactions and activity in the supply chain.

Companies may utilize these data to ensure they follow various laws, regulations, and certifications. By effectively storing and transferring data on the blockchain, supply chain participants can quickly check the authenticity and integrity of documents, such as certificates of origin, quality inspection reports, and regulatory compliance records. The process of automating compliance checks and balances to guarantee that rules are obeyed is also made easier by the SCs. Businesses can reduce risks, boost regulatory reporting, and build confidence among supply chain ecosystem players by utilizing BCT for compliance. Using BCT characteristics, supply chain finance uses BCT to manage and monitor how financial resources are allocated within the SC.


Impact of Integration of BCT and SCM

BC includes paper less documentation and other expenses, such as courier, printing, etc. charges are eliminated. An organization can save a significant amount by digitizing the documents. It also includes the use of IoT applications, RFID tags, sensors, barcodes, GPS tags, location, and quantity of package goods that can be traced, also termed as real-time tracking of the products (Kshetri, 2017). BHP, a global mining and natural gas petroleum corporation, collaborates with Minehub to digitize its mineral concentrate supply chain procedures. The platform streamlines business transaction paperwork, approvals, payments, and other supply chain processes. This automation reduces paperwork, streamlines processes, and boosts overall efficiency.

BCT provides an unalterable, verifiable record of every movement and transaction inside the supply chain. For example, blockchain can track a product’s path from source to consumer in the food and beverage business. The blockchain ensures recording of all transactions at every stage, including methods of agriculture, shipping, and storage conditions. This ensures genuineness and aids in identifying the cause of any contamination or quality problems. To ensure supply chain traceability, the Indian multinational Mahindra developed the TraceX blockchain platform. TraceX tracks products from farm to fork, enabling transparency and authenticity. With the help of IBM, Walmart has developed a Hyperledger Fabric-based traceability system that allows it to track mangoes stored in its US shops in less than 2.2 seconds (Hackett, 2017).

By simplifying authentication throughout every step of the supply chain, blockchain has the potential to prevent the production of counterfeit goods. Every product may be assigned a special identification number that is stored on the blockchain. This ensures that customers may verify the legitimacy of the product using the RFID tag or the QR code (Ngai et al., 2010). By using blockchain, for example, a participant can verify the authenticity of luxury goods, reducing the number of counterfeit products available for purchase. To maintain an unchangeable record of the pharmaceutical product’s batch numbers, location details, and expiration dates, Pfizer partnered with Chronicled. To track and validate automotive components throughout the whole supply chain, Ford established the “Automotive Blockchain Consortium,” a blockchain-powered supply chain platform.

BCT may assist in risk management strategies for supply chain disruptions, such as natural disasters and geopolitical crises. With real-time supply chain information, organizations can identify potential bottlenecks and take proactive steps to mitigate risks. Blockchain, for instance, can be used to track the movement of components and materials from various vendors, allowing companies to plan ahead and have backup supply ready in case of an interruption. BCT has the potential to streamline supply chain sustainability initiatives and ensure legal compliance. Blockchain, for example, can trace the source of materials, labor practices, and environmental impact throughout the manufacturing process in the apparel industry. By being transparent, businesses can show that they adhere to regulations and ethical standards, which improves their reputation and draws more customers. Brilliant Earth has integrated Everledger’s BCT to enhance the integrity of diamond tracking and assure clients about the company’s ethical business practices.

Blockchain provides an unprecedented level of trust by recording every supply chain transaction on an open, immutable ledger. It extends this level of confidence to every network participant, regardless of size (Morgan & Hunt, 1994). This is achieved by enabling companies to keep an eye on contracts for outsourced manufacturing, by potentially minimizing communication or data transfer errors, by providing them with access to the same information that is transferred throughout the supply chain (thereby reducing fraud), and, in the end, by saving time that would have been spent validating data. FedEx created an operational prototype system that allows for real-time shipment tracking and monitoring. A safe, unalterable, decentralized database that documents each stage of the transportation process—from the origin to the destination—is made available by the blockchain-based system. SCs are used by the system to automatically transfer ownership and control of goods between various parties, including the shipper, carrier, and receiver. They also make sure that all parties are informed about the shipment’s present location and status. This effectively eliminates the requirement for participants to have mutual trust. Additionally, this system reduces the possibility of conflicts among various participants and enhances the end user experience.


Applications of BCT in SCM


Healthcare

The healthcare industry has embraced BCT to address problems with data integrity, patient privacy, and medication traceability. Healthcare organizations may employ BCT to track the movement of medications, medical equipment, and supplies from manufacturers to patients, ensuring product authenticity and preventing counterfeiting. This also makes it easier to track medications during recalls. MediPharma Pvt. Ltd., one of the top pharmaceutical businesses in India, had problems with regulatory compliance, supply chain efficiency, and counterfeit medication. To address these problems, they installed a SCM system built on BCT. To guarantee compliance and transparency, they used a permissioned blockchain network to onboard distributors, suppliers, and logistical partners. Every batch of pharmaceutical products was assigned a unique ID that was registered on the blockchain to aid with traceability and anti-counterfeiting operations. Automated SCs improved operational efficiency by streamlining processes such as payment settlement and verification. Through enhancing product authenticity, lowering fraud risks, and raising transparency, this program increased consumer trust. MediPharma intends to expand the usage of BCT globally and integrate IoT for real-time product monitoring. MediPharma’s supply chain has undergone a full transformation, thanks to BCT, which guarantees consumer trust, seamless operations, and regulatory compliance.


Food and Agriculture

BCT has shown potential in the food and agricultural sectors as a means of tackling important problems, such as food safety, traceability, and transparency. Blockchain records every stage of the process from farm to table on an immutable ledger, ensuring that consumers may obtain precise information on the source of their food items. This accessibility facilitates the rapid and precise identification of food sources and encourages the use of ethical farming practices. Walmart and IBM Food Trust collaborated to implement BCT to improve food safety and traceability in their supply chain. Products may be monitored from farm to shop in a matter of seconds rather than days, based on pilot research on mangoes and pork. Walmart extended its use of BCT to its suppliers of leafy green vegetables, encouraged by the success of the initiative, and requested that they track and exchange product information on the blockchain. This initiative improved traceability, reduced recall response times, and increased consumer trust. Automation of data entry decreased errors, enhanced inventory management, and simplified regulatory compliance.


Retail

BCT has addressed issues including counterfeit goods, unstable supply chains, and consumer trust, all of which have had a significant impact on the retail industry. Blockchain not only improves traceability but also gives real-time stock level visibility to merchants, allowing them to maximize restocking and reduce stockouts. Reliance Retail faced difficulties identifying product sources, controlling inventory, and confirming the legitimacy of products. Conventional supply chain systems were frequently fragmented, leading to delays and a lack of transparency that might jeopardize the brand’s standing and customers’ confidence. Working with tech companies that specialize in BCT, Reliance Retail created and installed a robust blockchain platform that was tailored to match its supply chain requirements. The company started off with test programs that focused on high-end, perishable goods, such as gadgets and fresh food. Blockchain nodes were built at key junctures in the supply chain, from suppliers to retail locations.

Information on product origins, manufacturing processes, transport, and storage conditions was all recorded on the blockchain, creating an open, unchangeable ledger that was accessible to all parties. Customers might use their cell phones to scan QR codes attached to the packaging to get detailed information about the product’s journey from producer to shelf. Thus, by offering an immutable and transparent record of each product’s transit through the supply chain, blockchain improved the ability to trace products in real time. Supply chain partners’ collaboration improved, there was less paperwork, and delays were reduced overall as a result of the blockchain system’s deployment.


Automobile Industry

Blockchain streamlines the complex network of manufacturers, distributors, and suppliers, cutting down on paperwork and administrative costs in the automobile sector. SCs facilitate collaboration and efficiency across the automotive supply chain by automating various operations, including payment processing and compliance checks. With BCT, automakers can track a vehicle’s entire lifecycle, from the acquisition of raw parts to assembly and customer delivery. BCT was employed by AutoParts India Ltd., one of the leading auto parts manufacturers in India, to resolve supply chain problems. They used a permissioned blockchain network to onboard suppliers, logistics partners, and dealers to guarantee data confidentiality and integrity. Complete traceability from production to installation was made possible by assigning each automotive component a unique number that was recorded on the blockchain. BCT reduces the dangers of fake goods by verifying the genuineness and caliber of parts. This program improved supply chain openness, increased stakeholder trust, and optimized operations while cutting down on administrative costs and delays. AutoParts India Ltd. plans to further expand the use of BCT and incorporate IoT for real-time monitoring to improve supply chain visibility and efficiency.

Blockchain has enhanced the company’s reputation in the Indian automobile sector by assuring stringent manufacturing guidelines, protecting personal data, and improving supply chain effectiveness.


Process of Integrating BCT and SCM

The processes required in integrating BCT SCM are outlined in this methodical procedure, which includes setting goals to tracking and assessing results. To ensure a successful deployment and optimize the advantages of BCT in your supply chain, each stage is important.


Define Objectives and Use Cases

Setting specific goals and locating appropriate use cases is the first stage in integrating BCT into SCM. This entails being informed about the difficulties your supply chain is facing, such as lack of transparency, inefficiencies, or problems with traceability and compliance. You can choose what BCT should do by defining goals, such as increasing traceability, lowering expenses, or ensuring compliance. It is important to choose the right use cases; for example, blockchain can be used to automate contracts, trace the provenance of products, or enhance quality control procedures. This first stage lays the foundation for the entire implementation process by directing choices about the blockchain platform and network architecture.


Choose the Right Blockchain Platform

Choosing the appropriate blockchain platform is crucial for integrating block chains into supply chains. It is essential to compare several platforms according to your specific requirements, including scalability, security features, and whether you require a permissioned or permissionless blockchain. Each platform, such as Hyperledger Fabric, Ethereum, and Corda, has its own advantages. For example, Hyperledger Fabric is well-known for its enterprise-grade security and scalability, which make it appropriate for massive supply chain networks. Selecting the appropriate platform guarantees that it will work with current systems, provide the needed degree of decentralization, and meet your business requirements.


Design the Blockchain Network

The blockchain network’s design is the third phase. This entails figuring out who is involved in your supply chain. Ensuring complete visibility and transparency across the supply chain is ensured by enrolling these companies onto the blockchain network. Establishing nodes for every member to confirm and record transactions makes ensuring the blockchain network runs smoothly and safely. In addition, creating governance models, specifying participant roles and rights, and making sure the network architecture supports the required functions and scalability are all part of designing the blockchain network.


Develop SCs

SCs, which are self-executing agreements, contain all the provisions of the agreement explicitly encoded into the code. SCs automate several tasks, including logistics, payment processing, quality control, and procurement. They decrease manual intervention and streamline operations by operating automatically in response to predetermined conditions and triggers. Creating SCs entails determining which supply chain processes can be automated, creating the code to carry out these operations, and testing the contracts to make sure they perform as planned in various circumstances. Blockchain-enabled supply chains rely heavily on SCs to improve participant trust, efficiency, and transparency.


Integrate IoT and Other Technologies

Supply chain visibility and efficiency are increased by integrating blockchain with IoT devices and other cutting-edge technologies. Real-time data on the location, status, and status of goods can be obtained using IoT devices, such as sensors and RFID tags. After then, the data are safely transferred and stored on the blockchain, creating an unchangeable and transparent record of the product’s transit through the supply chain. With complete end-to-end visibility provided by data integration from IoT devices, ERP systems, and other sources, stakeholders are empowered to take well-informed decisions based on up-to-date information. Secure data transmission protocols are necessary to protect sensitive data and preserve the integrity of the blockchain network.


Ensure Integrity and Security of Data

When integrating BCT into SCM, maintaining data security and integrity is essential. BCT ensures data integrity by using cryptographic techniques to encrypt data stored on the network, shielding it from alteration or unwanted access. Selecting a suitable consensus technique, such as Proof of Work or Proof of Stake, guarantees the safe validation and authentication of transactions. In order to prevent data breaches, role-based access controls, or RBAC, manage permissions and restrict access to critical information. The blockchain network is kept up to date with industry standards, complies with legal requirements, and upholds strict security and privacy protocols through routine audits.


Test and Pilot

To test the BCT in a controlled environment, a pilot project must be carried out prior to full deployment. A pilot project gives you the chance to verify the blockchain’s efficacy, identify any problems or obstacles, and get participant feedback. You can test various use cases, SCs, and IoT device integration at this phase to make sure everything works as it should. Before scaling up to a full deployment, pilot projects give you important insights into how blockchain will affect your supply chain processes and enable you to make any necessary corrections or enhancements.


Deploy and Scale

The next stage is to implement BCT throughout the whole supply chain network following successful testing and piloting. This includes shifting from the pilot stage to full deployment by registering all participants onto the blockchain platform. The blockchain network is kept up to date by continuously monitoring performance parameters, such as system uptime, data correctness, and transaction speed. As the supply chain expands, scaling the blockchain network involves expanding its capacity, integrating with more partners and suppliers, and accepting new users. To guarantee that the blockchain system remains safe, effective, and in line with evolving company requirements, regular upkeep and updates are necessary.


Provide Training and Support

It is essential to provide stakeholders’ support and training if BCT is to be adopted successfully. Participants should learn how to operate SCs, navigate user interfaces, use the blockchain platform, and comprehend the advantages of SCM enabled by BCT during training sessions. Continuous technical support and troubleshooting aid in resolving any problems or queries that may emerge, guaranteeing that interested parties may successfully utilize BCT to enhance network collaboration and optimize supply chain operations.


Maintain and Enhance

To maximize benefit from the blockchain system for SCM, it must be maintained and updated regularly. The blockchain platform is kept safe, compatible with new technologies, and compliant with regulations through routine updates and maintenance. Sustaining supply chain visibility, efficiency, and transparency through strategic modifications, data-driven insights analysis, and performance metrics monitoring are all part of continuous improvement initiatives. Long-term supply chain operations can be optimized with the blockchain solution if it can adjust to evolving industry norms and customer expectations.


Monitor and Evaluate

For assessing the impact and effectiveness of the blockchain implementation, performance evaluation and monitoring are essential. Establishing key performance indicators (KPIs) aids in evaluating how well the blockchain solution performs in attaining corporate goals including cost reductions, increased productivity, and customer happiness. You could identify areas for improvement, streamline procedures, and make data-driven decisions by continuously monitoring KPIs. The blockchain network undergoes periodic reviews to make sure it continues to provide value to stakeholders along the supply chain and remains in accordance with corporate objectives.

Additionally, BCT has many drawbacks. A few studies have highlighted the limitations of BCT as well as how it affects supply chain operations. The availability of technology does not ensure its adoption. Researchers found several management flaws, such as exorbitant expenses, privacy and security concerns, ambiguous legislation, a lack of industry acceptance, a lack of collaboration among stakeholders, a lack of technological expertise that permits resistance to change, etc. Additional obstacles include business leaders’ ignorance about blockchain, their conviction that it is an anomaly, and their wish to hold off on making a commitment until it has gained wider traction.

Even company executives who understand the potential of BCT are reluctant to commit time and resources to it due to the absence of industry-wide standards and practices (Chang et al., 2019). Also, throughput, energy consumption, versioning, size and bandwidth, usability, and latency have all been found to be technological barriers by researchers. Furthermore, the ERP functionality and support of current systems are insufficient. Many businesses’ traditional ERP systems do not support BCT. As a result, it must take a chance and either start developing applications internally or contract out the creation of applications for its supply chain. Since a business must entrust a third party with its data in the former case, privacy leaks might also be an important issue. Less privacy issues arise in the latter case, but a significant upfront expenditure is required. Either organizations must hire specialists with these talents who have previously received training, or they must mandate training for present staff. Since users cannot easily update or amend recorded records due to the technology’s immutability and openness, the accuracy of data entered a blockchain is essential.


Future Trends

SCM-focused blockchain platforms are expected to see a rise in adoption because of their capacity to offer a range of capabilities customized to meet specific corporate demands. Companies can choose from a variety of blockchain solutions, such as hybrid, private, and public solutions. While public blockchains provide transparency and immutability, private blockchains provide enhanced privacy and scalability. Hybrid solutions will become more commonplace, allowing companies to benefit from both models’ advantages. These platforms are made to support use cases related to supply chains, such as traceability, provenance, and SCs, while preserving data integrity and establishing participant credibility.

Since the initial application of BCT in supply networks focused on provenance and traceability, future applications of this technology in supply chains will cover a wider range of aspects of SCM. Blockchain will not only track products but also ensure regulatory compliance, automate payments, and speed up procurement processes using SCs. Quality assurance will also benefit from blockchain’s capacity to verify product authenticity and quality at every stage of the supply chain. With this expanded application, businesses can save costs, increase consumer trust, and save operating costs.

Blockchain’s compatibility with IoT devices will significantly increase supply chain visibility and efficiency. IoT sensors and gadgets will collect real-time data on product location, temperature, humidity, and other environmental factors. These data will be stored safely on the blockchain. AI and ML will be used to analyze these data to generate predictive analytics, enhance inventory control, and more accurately anticipate demand. Combining these technologies will make the supply chain more adaptable and responsive, enabling it to change to meet the market’s shifting demands as well as customers’ expectations.

Using BCT, carbon footprints across the entire supply chain can be tracked and managed. By collecting and storing environmental data on an irreversible ledger, organizations can reduce their environmental impact and demonstrate that they adhere to sustainability requirements. Technology like blockchain is predicted to accelerate the transition to circular supply chains by enabling open management of product life cycles that include reuse, recycling, and sourcing. Organizations can accomplish their sustainability goals while lowering waste and improving resource efficiency by implementing this technique.

The development of industry-wide protocols and standards will provide the basis for smooth data exchange and communication between different blockchain networks. Participants in the supply chain will be able to communicate data safely and transparently by ensuring interoperability. Cross-organizational cooperation will be the driving force behind the development of common standards, which will boost the effectiveness of supply chain operations and promote trust. BCT’s immutable audit trail will support supply chain transparency and legal compliance for enterprises, helping them to comply with regulations.

SCM regulations will be put into place as BCT develops by developing frameworks and policies. These regulations, which cover data privacy, security, and legal compliance, will guarantee that blockchain implementations adhere to recognized industry standards. Regulatory audits and investigations will be facilitated by blockchain’s immutable ledger, which provides a transparent record of transactions. This transparency will lead to an upsurge in trust and accountability among supply chain participants, encouraging ethical business practices and regulatory compliance.

Blockchain systems will develop to overcome issues with performance and scalability so they can manage massive amounts of data and transactions in international supply chains. Consensus mechanism advancements like Proof of Stake will boost transaction throughput while consuming less energy. With these enhancements, blockchain networks will function more effectively and dependably, facilitating supply chain activities that happen in real time (Li et al., 2017). Solutions that are scalable will help enterprises expand their blockchain ecosystems and onboard additional members as supply chains grow. Supply chain finance and asset management will be transformed by blockchain-based digital assets and tokens. These tokens can be traded for real goods and commodities along the supply chain, enabling speedier and more efficient transactions. Tokenization will make new financing models like supply chain finance and trade finance possible by lowering transaction costs and increasing liquidity. Digital supply chains will enhance inventory control and logistics, boosting their resilience and ability to adjust to changes in the market.

Blockchain networks will be easier to set up and maintain due to cloud companies’ Blockchain as a Service (BaaS) services. Blockchain application developers will no longer be concerned about managing hardware and software due to BaaS platforms, which will offer infrastructure and tools. This strategy will minimize adoption hurdles and increase BCT’s accessibility for a wider range of enterprises. Plug-and-play options will make it possible to quickly connect to current supply chain systems, cutting down on installation costs and timeframes. BCT allows for real-time visibility and transparency across the network, which will increase the supply chain’s resiliency. Businesses may lower supply chain risks and maintain business continuity by swiftly identifying and resolving disruptions. BCT’s immutable ledger will boost supply chain integrity and boost stakeholder confidence by lowering the risk of fraud, fake goods, and data breaches. Its focus on resilience and risk management will fortify alliances and raise supply chain performance.


Conclusion

This chapter highlights the significant role that human-centric approaches play in integrating BCT and XAI into SCM. Blockchain’s ability to provide secure, immutable, and transparent records combined with XAI’s capacity for enhancing decision-making through interpretability addresses persistent challenges such as material scarcity, cost management, and inadequate demand forecasting. These technologies not only enhance operational efficiency and agility but also foster trust among stakeholders by making complex AI-driven decisions more transparent and understandable. The case studies and examples provided demonstrate how real-time data sharing, automation, and traceability can be leveraged to improve supply chain resilience, ensuring a competitive advantage in today’s dynamic business environment.

However, the implementation of these technologies is not without its challenges. Issues such as scalability, security, and the need for robust collaboration among stakeholders must be addressed for successful adoption. This chapter outlines a comprehensive framework to guide businesses in overcoming these barriers, emphasizing the importance of aligning technological advancements with human-centric principles. By focusing on transparent, explainable, and collaborative approaches, organizations can harness the full potential of blockchain and XAI to create sustainable, efficient, and adaptive supply chains. This lays the groundwork for future research and innovation in SCM, driving the development of systems that meet both current and emerging industry demands.
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Introduction

In the context of digital transformation, supply chains are growing increasingly intricate and data centric. As organizations pursue enhanced efficiency and agility, artificial intelligence (AI) has become a pivotal tool for refining supply chain operations. However, the integration of AI presents new hurdles, particularly in comprehending and trusting AI-generated decisions. Explainable AI (XAI) addresses these challenges by offering transparency and clarity in AI decision-making, fundamentally transforming how supply chain professionals engage with AI technologies. As AI continues to revolutionize supply chain operations, its true potential lies not only in its decision-making prowess but also in its capacity to elucidate those decisions, reshaping industry practices across the board.

The realm of supply chain management, traditionally featured by human expertise, is undergoing a profound transformation in the digital age. The merging of Robo-advisors and AI technologies is reshaping how supply chain decisions are conceived, executed, and optimized. Businesses adopt AI for various reasons, one of which is supply chain risk management (Paul et al., 2021). In AI, adoption has come out as a revolutionary force that could present an unprecedented chance to improve accuracy (Sabir et al., 2023). Efficiency and decision-making systems within supply chains are introduced by AI-driven Robo-advisory services (Lazo and Ebardo, 2023). AI-based Robo-advisory concept in supply chains is a system of introducing intelligence into supply chain logistics using technologies of machine learning and artificial intelligence and to examine big information of forecast trends, determine optimal inventory levels, and rationalize logistics management. The benefits can be numerous: cost reduction for operations, improvement in demand forecasting, management development for suppliers, and agility enhancement for changes within the market environment. On the other hand, there are several challenges surrounding implementation: security issues on data flow, compatibility with existing IT infrastructures, costs of launching AI-based systems, and job displacement risk because employees should receive proper training before adoption.

This chapter investigates the respondent’s awareness and perception on adopting Robo-advisors in supply chain systems based on XAI for businesses. The chapter explores the dynamics of adoption of AI in supply chain systems based on perceptions of respondents. It states how the selected factors influence the perception of adopting XAI. This chapter helps in guiding organizations that seek to implement XAI in supply chain systems. Different perspectives such as organizational, demographic, adoption, perception, and other significant factors are considered for the study, and the data was analyzed using R software. Also, we aim to promote AI-based systems through supply chain management while providing an effective, innovative, and adaptive supply chain environment.


Review of Literature

Naeem et al. (2024) analyzed the role of AI in product service innovation by using existing writing in a step-by-step analysis. They used bibliometric analysis to identify the research streams, and qualitative thematic content analysis was also used to identify central themes and gaps of required streams. They have mainly identified five research streams and researched that stream to analyze the present state of the research in every stream and to understand how each stream interacts with another stream by naming each cluster. However, the entire research shows that AI has great potential for future research in the field of product service innovation. Piotrowski and Orzeszko (2023) identified the importance of the procedure of Robo-advisory in the finance area using some algorithms of machine learning and found that the variables related to various characteristics such as demographic, socio-economic, and behaviors of customers determine the results. The study reveals the attitude toward acceptance of Robo-advisor using of AI in banking services. Another important result noticed is that the experience factor is not a significant one while using basic financial services when accepting Robo-advisory.

Sailaja Nimmagadda et al. (2023) suggested that variables like need for efficiency, availability of data, cost-effectiveness, organizational culture, and technical expertise have an impact on the AI adoption in the aquaculture industry’s supply chain systems. From derived results, they have stated that the implementation of technologies in supply chain systems through AI is helpful in substantial gains in efficiency, output, and sustainability. They have also stated that the use of AI technologies can improve the well-being of fish by tracking and controlling the health of fishes. Sultan (2023) studied the factors such as trust and perceived risk, considering benefits in the banking sector, whereas Yi et al. (2023) found that millennials considered trust, usability, and knowledge as perceptual factors for adopting AI.

Based on the review of literature, it highlights the explanation factors influencing the adoption of AI in various sectors. However, there will be gaps while analyzing the several variables of AI usage and adoption in the context of supply chain systems across various sectors. It is identified that perceptions of stakeholders have not been studied for adoption of XAI-based Robo-advisory in supply chain systems. Hence, this chapter explores factors such as trust in AI, perceived ease of use, and perceived risk that influences the perception of stakeholders to adopt the AI-based technologies in supply chain systems.

The scope of this chapter covers the perception of stakeholders on adoption of XAI-based Robo-advisory in supply chain systems. Further it covers factors such as demographics, trust toward AI, perceived risk, ease of use with extent of perception, satisfaction, and performance to identify the key factors that impact the usage of AI-based Robo-advisory in supply chain systems. The objectives of this study include:


	studying the key factors that influence the adoption of AI-based Robo-advisory in supply chain systems.

	examining the significant relation between selected factors and the adoption of the AI-based Robo-advisory in supply chain systems.

	assessing the impact of the adoption of AI-based Robo-advisory in enhancing efficiency in supply chain systems.



Methodology

The research methodology adopted in this study is a quantitative approach to analyze how AI-based Robo-advisory systems are adopted and perceived within supply chain systems. Purposive sampling is employed to choose individuals who are directly involved in decision-making process related to supply chain management and who are understanding AI and Robo-advisory technologies. The hypotheses guiding this study are:


H0:

There is no significant relationship between selected factors and the adoption of AI-based Robo-advisory in supply chain systems.



H1:

There is a significant relationship between selected factors and the adoption of AI-based Robo-advisory in supply chain systems.


For the analysis of this study, data was gathered through questionnaires that were sent to professionals holding different positions in various industries, with the goal of acquiring a wide-ranging, all-encompassing sample that is also representative. The study involved a total of 101 individuals, offering insights into their attitudes, beliefs, and intentions regarding AI adoption in the context of supply chains. For gathering the data, a systematic structured questionnaire is prepared. The questionnaire consists of both Likert scale (1 to 5) and closed-ended questions to assess the participants’ perceptions, attitudes, and experiences of respondents regarding AI-based Robo-advisory in supply chain systems.


	Section A: Demographic Information such as Age, Gender, Education Level, Job Role, Experience, Company Size.

	Section B: Awareness and knowledge of AI-based Robo-advisory such as Awareness.

	Section C: Perceived Benefits and Challenges such as Usefulness, Ease of Use, Trust in AI, Perceived Risk.

	Section D: Intention to adopt XAI-based Robo-Advisory in supply chain systems considering performance, satisfaction, and barriers.


For analysis the selected factors that influence the adoption of XAI-based Robo-advisory in supply chain systems were identified. R software is used for data analysis to investigate the relation between selected variables and AI adoption. Descriptive statistics is used to summarize the demographic factors and inferential statistics such as ANOVA, chi-square tests, correlation, and regression were used to analyze the data.


Data Analysis and Findings

Summary () function is a set of five descriptive statistics used to find how different observations in a dataset are distributed. The summary () function as shown in Figure 12.1 gives us a quick summarization of the variables that are available in a data frame. The results comprise key percentiles, the minimum and maximum datasets, the lower and upper quartiles, the median, and the mean. Figure 12.1 shows the summary of our dataset such as minimum, quartiles, median, mean, and maximum observation of different variables.

[image: An R Studio output displaying a summary table of descriptive statistics for various variables. Includes columns such as age, gender, education level, and job role. Each variable has statistical metrics like min, max, mean, median, and quartiles. The table provides an overview of the dataset’s structure and distribution.]
Figure 12.1 Summary statistics of the dataset.
Gender distribution pie chart as shown in Figure 12.2 shows a visual representation of the proportion of males and females within the dataset. The pie chart shows that 44.6% of the respondents are females that means females are 45 and 55.4% of the respondents are males that means males are 56, which indicates a skewed distribution toward males.

[image: A pie chart titled Gender Distribution from R Studio. It exhibits two categories, with Female at 44.6 percent and Male at 55.4 percent.]
Figure 12.2 Gender distribution.
The bar chart in Figure 12.3 shows the distribution of various job roles within the dataset. Each bar represents the count of individuals in a specific job role, with the height of the bar corresponding to the frequency of that role.

[image: A bar chart titled Bar Chart of Job Roles from R Studio. It illustrates four job roles, including analyst at 28, developer at 23, executive at 17, and manager at 33. Bars of varying heights corresponding to the count of individuals in each role.]
Figure 12.3 Job role distribution.
There are some notable relationships between the variables as can be seen in Figure 12.4. Intention to adopt and ease of use have a positive correlation. Respondents find AI-based solutions easier to use and therefore intend to adopt them. Intention to adopt has a slight negative correlation with perceived risk, meaning higher perceived risk slightly discourages it. This suggests that people tend not to trust technology and thereby avoid using it at all costs. While trust in AI and awareness are moderately associated with the intention to adopt, high level of trust and awareness regarding Robo-advisory based on AI bear a good chance of acceptance.

[image: A heatmap exhibits correlation coefficients between variables such as perceived risk, age, experience, trust in A I, and others. The chart highlights the relationships between variables in the dataset.]
Figure 12.4 Correlation matrix visualization.
There’s a statistically significant association between age and gender, as indicated by a chi-squared value of 42.90133 with 26 degrees of freedom (df) as shown in Figure 12.5. This finding suggests that the distribution of age varies significantly between genders, with a p-value of 0.02, which is below the conventional threshold of 0.05. Therefore, gender appears to influence age-related trends in the data. There’s no significant association between education level and gender, as evidenced by a chi-squared value of 2.3193 with 2 df and a p-value of 0.314, indicating that the distribution of education levels does not differ significantly between genders (p > 0.05).

[image: An R Studio output of Pearson’s Chi Squared Test results for gender against various variables. Displays chi squared values, degrees of freedom, and p values. Significant results are highlighted, such as age with p = 0.02 and job role with p equals 0.002.]
Figure 12.5 Chi-squared test with gender for all variables.
A significant association exists between job role and gender, with a chi-squared value of 14.81492 and 3 df. The p-value of 0.002 indicates that the distribution of job roles changes significantly between genders (p < 0.05), indicating that gender may influence the distribution of job roles within the sample. There’s a statistically significant association between experience and gender, with a chi-squared value of 49.60115, 23 df and a p-value of 0.001. This suggests that the distribution of experience levels differs significantly between genders (p < 0.05), suggesting that gender may influence the distribution of experience levels within the sample. There’s a significant association between company size and gender, with a chi-squared value of 20.38134 and 4 df. The p-value of 0 indicates that the distribution of company sizes varies significantly between genders (p < 0.05), indicating differences in the distribution of genders across companies of different sizes.

There’s no significant association between awareness and gender, with a chi-squared value of 0.52922 and 2 df, resulting in a p-value of 0.768. The distribution of awareness levels does not differ significantly between genders (p > 0.05). The association between usefulness and gender is not statistically significant, with a chi-squared value of 0.58117 and 2 df, yielding a p-value of 0.748. This indicates that the distribution of perceived usefulness does not vary significantly between genders (p > 0.05). Gender doesn’t exhibit a significant association with ease of use, as indicated by a chi-squared value of 6.6728 with 3 df and a p-value of 0.083. This suggests that the distribution of perceived ease of use does not differ significantly between genders (p > 0.05). There’s no significant association between trust in AI and gender, reflected in a chi-squared value of 0.24586 with 2df and a p-value of 0.884. Trust levels in AI do not vary significantly between genders (p > 0.05).

Gender shows that there is no significant association with perceived risk, as evidenced by a chi-squared value of 0.52922 with 2 df and a p-value of 0.768. Perceived risk levels do not differ significantly between genders (p > 0.05). There’s no statistically significant association between current use and gender, with a chi-squared value of 0.07548 and 1 df, resulting in a p-value of 0.784. This indicates that the distribution of current use does not vary significantly between genders (p > 0.05). Gender shows no significant association with intention to adopt, as indicated by a chi-squared value of 1.21894 with 3 df and a p-value of 0.748. The distribution of intention to adopt AI-based solutions does not differ significantly between genders (p > 0.05). There is a significant association between barriers and gender, with a chi-squared value of 29.66095 and 3 df. The p-value of 0 suggests that the distribution of perceived barriers to AI adoption varies significantly between genders (p < 0.05), indicating that gender may influence the perception of barriers within the sample.

Gender does not exhibit a significant association with satisfaction, as evidenced by a chi-squared value of 0.24586 with 2 df and a p-value of 0.884. This suggests that the distribution of satisfaction levels does not differ significantly between genders (p > 0.05). There’s no significant association between gender and performance, as indicated by a chi-squared value of 0.36604 with 2 df and a p-value of 0.833. This suggests that the distribution of perceived performance levels does not vary significantly between genders (p > 0.05).

There’s no significant association between age and job role as p-value is of 0 as shown in Figure 12.6. This suggests that the distribution of age varies significantly across different job roles (p < 0.05). Gender exhibits a significant association with job role, as indicated by a chi-squared value of 14.81492 with 3 df and a p-value of 0.002. This suggests that the distribution of job roles varies significantly between genders (p < 0.05), implying that gender influences the distribution of job roles within the sample.

[image: An R Studio output of Pearson’s Chi Squared Test results for job role against various variables. It includes chi squared values, degrees of freedom, and p values. It highlights significant relationships between job role and factors such as age, experience, and satisfaction.]
Figure 12.6 Chi-squared test with job role for all variables.
Job role and education level has significant relationship with 87.86513 chi-squared value and 6 df with a p-value of 0, which states that education level differs across job roles (p < 0.05), indicating job role influences the distribution of education level. A significant relation of job role with experience is proved by a chi-square value of 201.16356 with a p-value of 0 and 69 df, indicating levels of experience vary between the genders. Company size and job role have significant association, which resulted from chi-square value of 82.58544 and 12 df with p-value of 0 states that company sizes vary significantly across different job roles (p < 0.05), indicating the influence of job role based on distribution of company size. There exists a significant association between awareness and job role with 111.75251 chi-squared value and 6 df with a p-value of 0 suggests that awareness levels differ across the job roles (p < 0.05), representing the influence of job role on distribution of awareness levels. With a chi-squared value of 114.10643, 6 df and a p-value of 0, there exists a significant connotation of job role with usefulness, which advocates that distribution of perceived usefulness varies significantly among genders (p < 0.05), inferring that the gender influences the perception of usefulness. There exists a significant association among job role and ease of use because of chi-square value of 108.87438 at 9 df with a p-value of 0 indicates that perceived ease of use differs across job roles (p < 0.05), as a result the job role will influence the ease of use.

No significant association exists between job role and trust in AI because 115.85111 chi-square value per 6 df and a p-value of 0.805 evidenced that distribution of trust levels in AI does not differ significantly between genders as p > 0.05. A significant association between job role and perceived risk is identified as a result of chi-squared value of 111.75251 besides 6 df and a p-value of 0. This indicates that perceived risk levels vary significantly across different job roles (p < 0.05) stating that job role may influence the perception of risk. With a chi-square value of 50.40637, 3 df, and p-value of 0, there is a significant association between job role and current use which indicates that current use vary significantly with different job roles (p < 0.05), signifying the influence of job role on current use of AI-based solutions. The distribution of intention to adopt AI-based solutions differs significantly among various job roles (p < 0.05) as there is a significant association between job role and intention to adopt resulting from chi-squared value of 86.09905 by 9 df and a p-value of 0.

Job role has a significant representation with perceived barriers as the chi-squared value is 219.43303 with 9 degrees of freedom (df) and a p-value of 0. This infers those perceived barriers to AI adoption varies significantly between genders (p < 0.05), indicating the gender influence on perception of barriers. With a chi-squared value of 125.32345 and 6 df, a significant association is identified among job role and satisfaction. A p-value of 0 indicates that the distribution of satisfaction levels differs significantly across different job roles (p < 0.05), suggesting that job role may influence satisfaction levels within the sample. There’s a statistically notable association between job role and performance, by a chi-squared value of 128.18232 with 6 df. The p-value of 0 signifies that the distribution of perceived performance levels differs significantly among different job roles (p < 0.05). Job role may impact the performance perceptions within the sample.

The purpose of the linear regression model is to predict the adoption intention– a user-centric predictive analysis. As shown in Figure 12.7, we consider several predictors, including awareness, usefulness, ease of use, trust in AI, perceived risk, satisfaction, and performance. However, the results show that four variables – usefulness, trust in AI, perceived risk, and performance – did not find their way into the final model because of singularities: they are perfectly collinear with other variables and therefore redundant in the model.

[image: An R Studio output of a linear regression summary. Coefficients include estimates, standard errors, and significance levels. Residual metrics like min, max, and quartiles are displayed.]
Figure 12.7 Regression analysis.
The remaining predictors that can help to uncover how they influence the intent to adopt AI solutions would involve other coefficients. When all other predictors are held at zero, the intercept is 1.63702 and represents the baseline level of intention to adopt. Although awareness has a negative coefficient value (-0.45835), its relationship is not statistically significant (p = 0.5425), which implies that changes in awareness do not have any statistically significant effect on adoption intention. The coefficient of ease of use is 0.53874 (p < 0.001), which can be interpreted as positive and very highly significant. The implication here is that if the ease of use goes up, the intention to adopt AI-based solutions will also go up significantly. On the other hand, satisfaction has a positive coefficient value of 0.18044 but unfortunately it does not have statistical significance with a p-value of 0.1180.

The model explains approximately about 47.77% of the variance in the intention to adopt AI (R-squared = 0.4777). An adjusted R-squared value of 0.4559 implies that despite the reasonable fit, there could still be other predictors not included in the model. The F-statistic (21.95, p < 0.001) indicates that even though some individual predictors may not be significant, as a group they do have an impact on adoption intention toward AI solutions. While there are other nonsignificant predictors, this finding underscores among others the importance of ease of use to drive adoption intentions for AI-based solutions.

The correlation matrix as shown in Figure 12.8 indicates the strength and direction of the relationships between variables. The dependent variable is intention to adopt and the independent variables are usefulness, ease of use, and performance. In this instance, the correlation coefficients for usefulness, ease of use, and performance are 0.518, 0.655, and 0.540, respectively. A strong positive correlation exists between the variables, namely intention to adopt and ease of use with r = 0.655. It implies that when the individuals find AI easier to use, then they are more likely to adopt them. Likewise, the positive correlations of 0.518 with usefulness and 0.540 with performance suggest that people who find AI-based solutions useful and effective are also more likely to adopt them.

[image: An R Studio output displaying predicted values for three variables, including usefulness, ease of use, and performance. Numeric values include 0.5189, 0.6556, and 0.5405, respectively.]
Figure 12.8 Correlation matrix.

Limitations and Managerial Implications

The study’s conclusions are based on self-reported data, which can contain errors or bias in responses because of how survey respondents interpreted the questions. The study’s sample size might be small, which could restrict how broadly the results can be applied to other industries or populations. The cross-sectional study design collects data at a single point in time without taking longitudinal trends or changes over time into consideration. The study emphasizes typically on perceptions on adoptions rather than actual adoption-related activities. The managers of organizations who want to introduce AI-based technologies in their workplace have some key takeaways from the findings of book chapter. The first and foremost is that paying attention to user experience and interface design is crucial. It has been shown that there is a strong positive relationship between the ease of use and the intention to adopt. This implies that organizations need to ensure that their AI technologies are easy to use by designing user-friendly interfaces with simple and intuitive functions. To be able to make AI solutions more usable and attractive to users (and therefore increase the adoption rate), it would be wise for these organizations to invest in user-centered design practices and carry out comprehensive usability testing.

In addition, the usefulness and effectiveness of AI should be demonstrated by organizations because value-driven and performance-oriented AI solutions are more likely to be adopted by users who see them as useful and capable of delivering benefits that they can realize. To do this, it is essential that the organization clearly communicates potential benefits and advantages such as improved efficiency, productivity, and decision-making quality from using AI technologies. It is possible to develop trust in users – thus promoting adoption – through demonstrating real examples where AI has been used successfully in similar contexts and sharing case studies, which depict such successful implementations further building confidence among end users. Lastly, organizations should consider training and support as a facilitating factor of AI adoption. Even though this study found positive correlations between the two, there still may be barriers or challenges that individuals face when adopting new technologies.


Conclusion

This chapter aimed to investigate the factors that affect AI-based Robo-advisory systems adoption in supply chain management. The study looked at the relationship between the different factors and how they influence the intention of adopting these technologies. The research involved 101 participants, and data collected was centered around various factors such as awareness, usefulness, ease of use, trust in AI, perceived risk, benefits, satisfaction, and performance all contributing to AI adoption. An array of statistical methods was used: correlation analysis for relationships, chi-squared tests to find significance, and regression analysis for predictors. Results show that ease of use is most positively correlated with intention to adopt AI solutions emphasizing that having user-friendly interfaces with easy-to-understand functionalities plays a vital role in driving adoption forward. While trust in AI and awareness displayed a positive correlation with the intention to adopt, high level of trust and greater awareness regarding Robo-advisory based on AI bears an increased the chance of acceptance. Conversely, perceived risk shows a slight negative correlation, meaning higher perceived risk slightly discourages it, which suggests that users tend not to trust technology thereby they avoid using it at all costs.

The research objectives were successfully met, offering valuable insights into the factors driving the adoption of AI-based Robo-advisory systems in supply chain systems


	The research found ease of use as major variable influencing AI adoption in supply chain systems.

	The study found a positive link between ease of use, trust in AI, and awareness with the desire to use AI-based solutions. However, there was a weak negative correlation between perceived risk and intention to adopt.

	Assessing efficiency: Positive correlations indicate that improving ease of use, trust, and awareness can lead to increased efficiency.


From the findings of the analysis, the null hypothesis (H0) can be rejected, and alternative hypothesis (H1) may be accepted. It is identified that there exists a significant relationship between ease of use, trust in AI, awareness, and intention to use an XAI-based Robo-advisory in supply chain systems. Therefore, an alternative hypothesis, there is a significant relationship between selected factors and the adoption of AI-based Robo-advisory in supply chain systems, is accepted.

An in-depth study of indirect factors that impact the intention of implementing AI-based technologies in supply chain management systems may be studied for further research. Factors such as leadership support, organizational culture, and technical infrastructure may be examined in addition to perceived usefulness, ease of use and performance of AI-based technologies may be studied to get a clear picture on the adoption of AI-based solutions. Furthermore, adoption trends over time that impact AI implementation, organizational efficiency and competitiveness can be studied. Moreover, a comparative study among different business sectors or geographical regions may reveal industry-specific studies. Additionally, the cultural factors that influence the adoption patterns may be studied. Further strategies for promoting and adopting AI-based technologies can be studied.
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Introduction

With IT having become the language as well as medium of businesses around the world, protecting IT resources has become synonymous with protecting businesses. An estimated 73 percent of customer interactions are digital now-a-days with criminals discovering innovative ways to breach security to such an extent that the question of security or data breach now begins with a “when” and not an “if” (Vala, 2022). Kaspersky, a private international cybersecurity company since 1997 defines cybercrime as “..…criminal activity that either targets or uses a computer, a computer network or a networked device……”. Cybercrimes include (i) Internet and e-mail frauds; (ii) cyberespionage including identity fraud, i.e., stealing and using personal information, stealing card payment or financial data, and gaining access to restricted/governmental data; (iii) ransomware attacks or cyberextortion; (iv) interfering with the functioning of a system; (v) illegal business activities through the computer like illegal gambling, child pornography or selling illegal items; and (vi) copyright or IPR violations using computers. An important characteristic of most cybercrimes is their criminal nature using or targeting computers through spread of viruses, malware, illegal images or information (Kaspersky, n.d.). Cybersecurity can then be defined as protection focused more on Internet connected devices and services from cybercrimes and cybercriminals. Cybersecurity is a multifunctional specialization that encompasses processes, technologies, and methods to defend computer data, systems, and networks from cyberattacks. Achieving a respectable level of cybersecurity involves achieving security over multiple subdomains that include identity management and data security, application security, mobile security, network security, business continuity planning, user education, and disaster recovery (Karin, 2023).

The challenge of achieving acceptable levels of cybersecurity requires constantly staying ahead of the hackers, and the cost of doing so is rapidly becoming unsustainable. The average number of cyberattacks on a company increased by 31 percent in one year from 206 (22 successful) in 2020 to 270 (29 successful) in 2021 with third party risks being the most serious. IT security spending is inevitably increasing with the IT security budget reaching up to 15 percent of the total IT spending. Cyber resilience has, therefore, become a necessity wherein capabilities of business continuity and cybersecurity are embedded across the business ecosystem to minimize impact of any cyberattack (Kelly, Jacky Ryan and Paolo, 2021). BT, a renowned telecommunication company, points to over 46 million signals/day globally on potential cyberattacks with experts logging over 530 signals/second for potential attacks with the result that companies are struggling to keep pace with cybersecurity needs and cybercriminals pose a threat to the economy of countries on account of their impact. The predatory characteristic of cybercriminals and the rising cybersecurity challenge is demonstrated by an overall mean of 3000 times/day for an average business being scanned for vulnerabilities (Amber, 2023). The average cost of data breach in 2023 was USD 4.45 Million with the highest being in USA (USD 9.44 Million) leading to over half the organizations increasing their security investments. The average cost of ransomware-related data breach was USD 5.13 Million further emphasizing the urgency to address the challenges of cybersecurity besides the global economy incurring an estimated cost of USD 10.5 Trillion by 2025 (IBM Security, 2023). Even during 2021, cybercrime was estimated at USD 6 Trillion globally up from USD 3 Trillion in 2015. At the individual’s level to the threat is severe with one estimate stating, in 2018, that every American citizen should expect all their personally identifiable information to be on the dark web. The dark web is also the place for cybercriminals to prepare for a cyberattack by procuring what is required for its successful execution. An assessment of the possibility of an intent to misuse personal data on deep web can be made from the estimate that deep web (not indexed or accessible by search engines) could be up to 5000 times the size of surface web while also growing at a rate that is very difficult to quantify (Steve, 2020).

The threat of cybersecurity is at the individual as well as at the corporate level. Notably, 2021 saw over a billion emails being exposed in a year meaning that one fifth of all Internet users were impacted. The “lucrative” side of cybercrime is seen in the fact that malware attacks in 2020 increased by 358 percent over the 2019 malware attacks, and phishing has emerged as the most common threat to individuals and businesses. Despite massing increase in the number of cyberattacks and the cost of attacks, the big risk comes from the fact that small- and medium-sized businesses are often not adequately equipped (67 percent) to deal with the threat of cyberattacks. While Asian companies saw the highest percentage of attacks, the nature of attacks appears to be different in different continents. For example, 78 percent of Indian companies were targeted through ransomware attack in 2021 with 80 percent of those attacks involving encryption of company data. This suggests the need for a multipronged strategy to deal with the challenge of cybercrime with added focus on supply-chain attacks and Internet of Things (IoT)-based attacks (Charles, 2023). Smart contracts can provide a means to improve security of connected IoT devices by validating the transaction that manages IoT activities and improves control over smart IoT devices by reducing possibility of access by hackers (Emaliya, 2023). In the times to come, blockchain technology is likely to disrupt several industries including banking, insurance, cybersecurity, transportation, supply chain management, cloud storage healthcare, and governmental working (Arora, 2023). This study has been carried out to better understand the rising occurrence of cybercrimes and assess the extent to which block chain technology can address this challenge and its resulting outcome of rising security investments by companies.


Literature Review

The challenges to information security comes from multiple sources including software, hardware, network, and IoT devices. Security or cybersecurity is not always known to be accorded the highest priority when new devices or products are developed and launched in the market place. To better understand the threat landscape of IoT devices, Unit 42 analyzed 1.2 Million IoT devices residing across multiple locations in US in various healthcare and IT organizations during 2018 and 2019. Some of their findings were: (i) 83 percent medical imaging devices were running on unsupported operating systems leading to increased vulnerability; (ii) 51 percent of threats to Medicare organizations relate to imaging devices. Considering that 83 percent of these devices run on unsupported operating systems, the chances of disruption are rather high; and (iii) 98 percent of all IoT device traffic is unencrypted, and these devices transmit personal and confidential data on the network. A total of 57 percent of IoT devices are vulnerable to high- or medium-severity attacks with 41 percent attacks exploiting device vulnerabilities, while 33 percent are caused by malware (Unit 42 Report, 2020).

Among the different solutions to the growing challenges of cybersecurity, blockchain technology is among the preferred ones. Very simply, blockchains can be viewed as secure and decentralized databases built over a tamper-evident network that can store and transmit information without the need to reveal the identity of the sender or receiver while also maintaining transactional transparency. The data in the blocks are protected through cryptographic hash functions and security algorithms with each block being added only after validation. With its features of anonymity clubbed with transactional transparency, encryption, and security, blockchains address business issues relating to transparency, intermediaries, trust, decentralization, accuracy, and security better than many other IT solutions leading to enhanced applications in multiple areas. The top few include, in decreasing order of use: (i) Banking and finance; (ii) government and public services; (iii) healthcare; and (iv) media, entertainment, and gaming (Redka, 2021).

With the World Economic Forum estimating that about 10 percent of global GDP will be on blockchains by 2027, the importance of blockchains can hardly be underestimated as also the need for enhanced security in blockchains. The technology is facing teething difficulties with over 90 percent blockchain projects initiated in the past two years dead. Where successful, as in the case of bitcoins, blockchain has invited a high level of scrutiny caused, at least partly, by the assured anonymity that bitcoin carries. As far as scalability concerns go, hash graph technology has emerged as a good alternative with new solutions and advancements in the blockchain technology also adding to its improved performance. Of these advances in technology, Cryptographically secure Off-chain Multi-asset Instant Transaction (COMIT) network appears to be one of the most promising propositions on account of its ability to link and interchange, through cross-chain routing protocol, digital assets of other blockchains besides the promised solution to double spending problem (Zahoor, Khan, and Arshad, 2020). The Splunk Research Team identified 50 top cybersecurity threats, with the first one being “Account Takeover”. During the year 2022, 84% organizations fell victim to identity-related breaches. Of these, 96% reported that implementation of identity-centric security could have ensured that the breach would have been minimized or avoided.

In fact, the four big present-day challenges from the perspective of cybersecurity are: (i) The rapidly changing cybersecurity threat landscape that pits companies and individuals against rather well funded and also creative trouble makers; (ii) growing complexity of multicloud and hybrid-cloud environment coupled with expectation of close to zero downtime; (iii) absence of required automation for cybersecurity leading to a large fraction of cybersecurity tasks being manual and time consuming besides being monotonous but ending up consuming much of the time of cybersecurity teams; and (iv) a rush for software tools that carry security blind spots and vulnerabilities that put corporate data at risk (Gary (2023)). Blockchains have the potential to enhance cybersecurity since blockchains are designed to prevent fraudulent activities on account of the consensus mechanism and also detect any data tampering through its tamper-evident characteristics of transparency, immutability, auditability, and data encryption. Blockchain has the potential to provide required confidentiality, integrity, and availability besides meeting the authentication, authorization, audit, and nonrepudiation needs of data security. Blockchain provides a path to enhance security through encryption, reduced vulnerabilities, and clearly established ownership of data while also eliminating dependence on passwords, often recognized as the weakest link. The fact that distributed ledger eliminates a central database for data means the traditional paradigm of attacking a centralized database is replaced by a far more challenging task of changing data residing on multiple notes across a network. Attractive as it may sound, several challenges need to be overcome to successfully intertwine cybersecurity and blockchain to bring blockchain technology to a level required for multiple corporate needs. The areas of work toward this requirement include smart contracts, securing edge devices, and data security because companies may want to control how their data are shared (Eric, David and Lory, 2017; Yogesh, 2023).

The presence of centralized server provides a point of attack for hackers, a target that is snatched away by the blockchain technology and requires almost infinite computing power to infect a blockchain with malware. Despite great strengths of the blockchain technology, hackers have developed or devised strategies to break security and checks provided. An example is about 8833 Ethereum smart contracts being vulnerable with the total balance associated being about 3,068,654 Million Ethers pointing to smart contract being a possible weak link in the blockchain technology. The most important risk comes from hackers who target exchanges (Alkhalifah, Ng, Kayes, Chowdhury, Alazab, and Watters, 2020). Among all factors, security emerges as one of the most important factors that will determine the extent of its penetration in key human processes. The other big challenges include the volume of data it can store, its ability to facilitate secure communication between millions or billions of IoT devices without any risk to the privacy of customers, and energy requirements for validating blocks, something that will determine the cost of blockchain operations.

With increased focus on addressing these areas of improvement, blockchain technology is likely to witness use in areas like: (i) Better management of infrastructure through innovative use of smart contracts; (ii) maintaining data currency to achieve instantaneous recovery in case of failure at the data centers driven by existing of multiple layers that could also be multiple points of failure; and (iii) securing data on account of its inherent strengths as a distributed ledger. With bitcoin success, it is expected that blockchain technology will see significantly enhanced use in the immediate future in areas like digital currency and e-voting (Curran and Curran, 2020). Broadly speaking that points to an increased usage of blockchain technology in industry that could develop a new ecosystem allowing for IoT business gaps to be filled by blockchain and some other innovative technologies. Such a framework would need to possess, at the very least, the following features: (i) IoT interoperability using mobile gateways operated by smartphones; (ii) facilitating synergy among IoT devices; and (iii) building scalability into the design. This novel ecosystem, referred to as interchain, would treat end notes as regular social entities (including IoT devices) with brokers acting as blockchain integrators and blocks playing the role of superblocks with a role much larger than just recording information/transactions (Mokhtari, Golpayegani, Zarei and Souri, 2020).

Blockchain technology is likely to experience increased usage on account of its inherent strengths like high security, distributed ledger, and consensus mechanism with its limitations (relative nascency, compatibility issues, and high operational costs besides others) being addressed through innovative solutions (Chirag, 2024). With IoT finding very rapid rise in applications at all levels, whether personal comfort or business, its focus on real-time data-sensing and communication has led to a very interesting application, namely, Internet of Vehicles (IoV) that integrates multiple possible communications involving vehicles to create an Internet-enabled vehicular network capable of providing a wide range of services ranging from traffic management and personal safety to enhanced efficiency. The need for better communication can lead to lowering the security bar, something that almost inevitably invites threats. The threat becomes even more serious when personal data are involved. In terms of application, IoV can lead to a significant increase in system efficiency but such a system being compromised can cause chaos too. To be most effective, the IoV must have close to 100 percent coverage of vehicles with vehicles being equipped with necessary smart devices that facilitate smart communication and decision-making.

The implementation of such a system would encounter challenges like network topology change driven by different velocities of vehicles as well as their numbers, need for a highly secure and dedicated infrastructure to manage it, scalability issues, and high reliability expectations that may take time to be achieved (Herbadji, Goumidi, Harbi, Medani and Aliouat, 2020). Healthcare also represents an area that is likely to see big increase in use of blockchain technology driven, at least, partly by enhanced use of IoT devices. One easy way to classify patient health data is to break it into two categories, namely, Personal Health Data (PHD) and Electronic Medical Records (EMRs). While EMR is better protected by Medicare providers, the PHD component is more at risk despite commendable attempts to protect it. This risk emanates from inadequate standardization in the PHD process and the prevailing system of exchange between multiple entities. This is a possible area where blockchain technology and smart contracts can contribute immensely to better security with the InterPlanetary File System (IPFS) addressing the need for an innovative solution to address emerging need for storing very large volumes of medical data. Solutions, such as BigchainDB, a decentralized blockchain database based on applying blockchain technology to big data combines the positive features of distributed databases and traditional blockchains leading to features like low latency, high throughput, decentralized control, quick querying and immutability.

Using an architecture that facilitates wide use as well as easy connectivity within the Health Information Exchange (HIE) can be achieved by a top layer that provides: (i) a web based interface with (ii) an intermediate layer that does the validation and processing and (iii) a lower layer that supports file and data storage along with associated meta data (Saldamli, Ramesh, Nair, Munegowda, Venkataramana and Tawalbeh, 2020). It becomes increasingly clear that blockchain technology will impact all key industrial applications with the logistics sector unlikely to remain untouched. Modern supply chains are highly reliant on inventory management and smooth logistics operations. Both these can get the required boost through well-structured smart contracts that help improved decision-making in matters relating to transportation routes, delivery schedules, and reducing supply-chain risks. Vendor management is also likely to witness improvements emanating from use of blockchain technology for most related processes starting with vendor vetting to developing a scalable infrastructure to optimizing supplier performance (Spilka (2024). The five big changes that blockchain technology is likely to precipitate are: (i) Governmental reliance of distributed ledger technology as regards official record keeping; (ii) improved level of transparency between industries due to the prevalence of shared ledger; (iii) cryptocurrencies issued by institutions including governments; (iv) vastly altered authentication and identity verification processes that support the need for all those who have limited resources; and (v) global economy migrating to blockchain technology on account of its features that support transparency, distributed not dependent on a central authority, encryption, and hash technology (Pierson, n.d.).

While the dual features of encryption through public-private key pairs and distributed ledger mean that blockchain certainly possesses required characteristics to make a system tamper evident, the crime level in blockchain markets do not provide a very assuring picture with the 2022 cryptocurrency-related crimes resulting in over USD 20.6 Billion in illicit transaction as compared to USD 18.1 Billion in 2021. Blockchains are always distributed and known to vary based on size, permissions, transparency, and how transactions are approved and added to the blockchain (Jessica, 2023). Blockchain also has the potential to improve cloud security specifically as regards the CIA triad (confidentiality, integrity, and availability) for data. The security level can be set depending on blockchain technology and solution used and can extend from a single record level to the entire system with added level of customization coming from the type of blockchain used (public, private, or hybrid). With added features like smart contracts and consensus mechanism also offering great flexibility, it is possible to set up and bring variations in blockchains based on business and security needs. However, it will be some time before blockchains are used extensively as a base for security and that will require addressing a large fraction if not all of the security issues relating to blockchains before business processes are suitable tweaked and built around blockchain technology. So, the immediate need is to document blockchain vulnerabilities since there is a good chance that the frequency and incidence of attacks on blockchains will increase, at least partly, because that is where the currency or rather cryptocurrency resides, and unless all vulnerabilities are fully addressed, blockchain may never attain its business potential or provide the kind of returns it, otherwise, can (Cloud Security Alliance, n.d.).

With a host of great strengths pointing to its increasing usage in the years to come, there are some very clear areas for improvement that need to be addressed if blockchains must make it big in the future. These include: (i) Need for quicker processing; (ii) prevailing high level of complexity means blockchain technology is a challenge even for the technically inclines; (iii) need to improve its flawed image due to use in unethical/illegal deals; and (iii) emergence of technologies like sharding that are higher in performance than the blockchain technology (O’Connor, 2019). Other disadvantages of blockchain technology include: (i) The risk of inaccessible wallet if the private key is lost leading to multiple copies being stored, thereby increasing the risk of the private key being compromised, a risk that becomes more serious when one considers the fact that private keys cannot be altered or regenerated; (ii) possibility of creating a 51% attack by those with sufficient computing power; (iii) high cost of implementation in companies that includes cost of hiring developers, developing a blockchain and associated hardware costs besides costs of process change to ensure there is no misalignment between the requirements of technology and that of the company’s processes; (iv) environmental impact on account of the energy intensive mining process; and (v) limitation on the storage capacity of blockchains. Besides these, even anonymity creates unique challenges, particularly when are used by criminals for illegal activities, and anonymity makes it challenging to trace them. Immutability, one of the great strengths of blockchain technology can pose operational problems when a minor error, say, human error needs correction. Finally, it is associated legalities that can be among associated challenges because different countries have different laws as well as experiences with utilization of cryptocurrencies (Biswas, 2023). Addressing all these limitations will be time consuming and may not happen in the immediate future.


Research Methodology

This study is based on a study of various cybersecurity attacks, identifying key vulnerabilities and possible solutions. It is, therefore, based on secondary data, at least partly, because collecting primary data on cybercrimes can be taken up only after a thorough desk study. This research is, therefore, the first step in understanding cybersecurity issues and how those could be addressed. Cybercrime statistics and success as well as “failure” stories of blockchain security were reviewed to assess the relevance of blockchain technology as a possible antidote to the growing incidence and cost of cybercrimes leading to companies requiring to increase their security spend. Key lessons drawn from various incidents have been documented, and these would add to the body of knowledge available to researchers and industry practitioners working on enhancing security and privacy of blockchains.


Significant Findings and Key Lessons

By 2025, the global cost of cyberattacks could reach $ 10.5 Trillion. Cyberattacks could be DoS or DDoS attacks, SQL injection attacks, Phishing, Malware, Ransomware, Man-in-the-middle attack, DNS Tunneling, etc. The features of blockchain technology that help address the challenges of cybersecurity include encryption, immutability, tokenization, decentralization, and distribution. Besides these features, blockchains can offer multiple levels of security based on business requirement. Based on present-day technology, the pros of using blockchains to enhance cybersecurity include secure data storage and processing, data transparency and traceability, user confidentiality, safe data transfer, and absence of a single point of failure. The cons, on the contrary, include adaptability and scalability challenges especially for public blockchains, high operating costs, lack of governance, reliance on private keys, and human challenges including blockchain literacy (Ruta and Mala, 2023). The biggest attacks on blockchain security include (i) 51% attack by acquiring more than 50% computing power; (ii) Sybil attack through multiple fake nodes to gain control of a network’s consensus; (iii) exploiting vulnerabilities in smart contracts; and (iv) rendering the network unusable, albeit temporarily, through distributed denial of service attack. While each of these can cause serious financial damages and hurt brand reputation, the solution to these challenges lies largely within the realm of blockchain’s distributed ledger technologies and design with some of the vulnerabilities being the outcome of poor design or badly architected smart contracts (Diana, 2023). An analysis of 65 blockchain-based cybersecurity incidents between 2011 and 2019 indicated hacking as occurring most frequently (over 70 percent cases) and followed by scams (over 15 percent cases) as shown in Table 13.1. Smart contract-related cases were a little over 10 percent of the 65 cases analyzed indicating that the problem is by no means the most serious, but decision-makers need to address it before choosing blockchains as a cybersecurity solution. As far as victims go, blockchain exchanges are by far the most targeted and account for over half the incidents analyzed. One can view blockchain technology vulnerabilities and threats as falling into one of the categories listed here: (i) Vulnerabilities emanating from the clients (digital signatures, hash function vulnerabilities, mining malware, etc.); (ii) vulnerabilities emanating from the network; (iv) mining pool vulnerabilities; and (v) vulnerabilities emanating from the smart contract (Ayman, Alex, Kayes, Jabed, Mamoun and Paul, 2020).


Table 13.1 Categorizing blockchain fraud victims (sample of 65 cases from 2011 to2019)


	Sno
	Category
	No. of incidents
	Approximate loss amount (USD)



	1.
	Cryptocurrency exchanges
	36
	1568 Million


	2.
	Bitcoin-related
	06
	11 Million


	3.
	Individual
	04
	06.6 Million


	4.
	Ponzi schemes
	04
	1014 Million


	5.
	Smart contract coding
	02
	182.2 Million


	6.
	Margin trading service
	02
	0.4 Million


	7.
	Others (one each)
	13
	261 Million


The challenge of attaining a high level of cybersecurity is an important business need with a big impact on a company’s reputation whenever a breach occurs. Use of blockchain technology is being discussed because of its distributed characteristic and tamper-evident properties. However, the fact that cyberattacks are essentially the result of hackers exploiting security vulnerabilities and public-blockchain vulnerabilities are only in the process being discovered and documented means, there may be some not-so-pleasant surprises waiting for votaries of blockchain for enhancing cybersecurity. The Cloud Security Alliance has compiled a list of close to 200 weaknesses that relate to smart contracts and blockchain, and weaknesses that need to be fixed before blockchain technology can serve as a viable alternate to address present-day cybersecurity challenges (Kurt, 2020). Cybercriminals amassed over $ 4 Billion in 2021 and about $ 1.5 Billion in 2020 through cryptocurrency attacks. This close to three-fold jump within a year in crypto assets looted leaves no doubts that blockchains are very far from being even close to what is required for business today as regards security. Exploiting DeFi (Decentralized Finance) protocols has been growing faster than any other approach. A cryptocurrency platform Wormhole lost close to $ 326 Million on account of faulty account validation. Hackers successfully withdrew close to $ 150 Million by breaching a couple of hot wallets. The company promised to pay consumers from corporate funds. Ethereum blockchains were targeted most in 2021. Poly Network’s infrastructure flows cost them over $ 600 Million to a hacker, part of which was recovered later through negotiations. MT Gox suffered the greatest bitcoin robbery in history with hackers gaining access to 850000 bitcoins and then valued at $ 470 Million, between 2011 and February 2014 (750000 from users and 100000 from the site) (Ojasvi, 2022). The big challenge with blockchain frauds is getting accurate details of individuals behind the attack because anonymity is often an integral part of blockchain processes and operations.


Recommendations

Given the rising incidence, cybersecurity issues are likely to dominate business discourse for some time to come with cyberattacks occurring every 39 seconds (approximately 30000 hacks/day). Blockchains possess several features that make them suitable for use to enhance cybersecurity. These include the (i) option to create decentralized security systems that are more challenging for hackers; (ii) tamper-evident records that make alterations difficult if not impossible; (iii) encryption-based security based on public and private keys and smart contracts that allow for immense flexibility to deal with business situations (Toshendra, 2023). Despite these advantages that blockchain technology offers, the rising incidence of cybercrimes targeted at blockchains indicates that blockchain technology needs to evolve further before they can pose a sufficiently difficult challenge to hackers and scammers. As a first step, companies can consider permissioned (private and consortium) blockchains for operations that require higher security and data protection. The permissioned characteristic of these blockchains allows for audit trails that can reduce cybercrimes substantially. Public blockchains will need to go through further improvement in their design and robustness before these can be considered adequately secure for all business purposes.

The world of blockchain technology is beginning to see very rapid expansion, akin to an explosion with numerous innovative solutions adding to increased use and addressing limitations like security, data size, and energy consumption for validating blocks. The combination of big data technologies with blockchain technologies is likely to see significantly increased application in the immediate future. As far as long-term perspective goes, an area for the future could be examining the possibility of multiple smart contracts making up the blockchain with the possibility of different blocks being governed by a different smart contract and the chain being administered by intelligent master blocks with built in autocorrect features based on processing available meta data. The fact that this study is based on secondary data presents an area for improvement and further research. Further research could focus on: (i) Identifying, based on primary data, the experiences of employing permissioned blockchains for business purposes so as to identify features that ensure greater security for companies as well as customers; (ii) experiences and challenges in enhancing the level of intelligence in blockchains; and (iii) building Mega chains that act like a collection of blockchains and serve different customers or purposes.


Conclusion

This chapter highlights the critical role of blockchain technology in addressing the ever-evolving cybersecurity challenges of the digital age. By combining blockchain’s cryptographic security features with the interpretability of XAI, businesses can build more robust defenses against cyber threats. The analysis presented underscores the increasing importance of integrating blockchain solutions, particularly in vulnerable sectors such as supply chain management, banking, and healthcare. This chapter also illustrates how the transparency, immutability, and decentralized nature of blockchain can mitigate risks, enhancing organizational resilience against data breaches, ransomware attacks, and other cybercrimes. The synergy between blockchain technology and XAI holds immense potential for reshaping cybersecurity frameworks, offering more secure and adaptive solutions. However, this chapter also recognizes the limitations and emerging challenges within these technologies, including scalability, governance, and vulnerabilities in smart contracts. Continued research and innovation in blockchain-XAI integration are imperative to unlocking their full potential for enhancing cybersecurity. This forward-looking perspective aims to equip researchers, practitioners, and policymakers with the insights necessary to navigate the complexities of modern cybersecurity and leverage these transformative technologies effectively.
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Introduction to Emerging Trends

The integration of explainable artificial intelligence (XAI) and blockchain technology represents a groundbreaking advancement in supply chain management, addressing critical needs for transparency, traceability, and accountability in complex and dynamic networks (Jayanthi et al., 2024; Sindiramutty et al., 2024). Supply chains are increasingly leveraging these technologies to meet the demands of globalized markets, adapt to disruptions, and ensure sustainable practices. This chapter explores the current state of advancements in XAI and blockchain within supply chains, focusing on their transformative potential and the synergistic benefits of combining these technologies. Artificial intelligence (AI) has become a cornerstone of modern supply chain operations, offering capabilities such as demand forecasting, inventory management, and logistics optimization (Eyo-Udo, 2024; Sanders et al., 2019). However, traditional AI systems often operate as “black boxes,” generating outputs without offering clarity into their decision-making processes. This lack of transparency can erode trust and hinder the adoption of AI solutions in sensitive and high-stakes environments like supply chains. In contrast, XAI provides insights into how AI systems make decisions, breaking down complex algorithms into understandable explanations for users. For supply chain professionals, XAI facilitates better decision-making by examining why specific recommendations, such as adjustments in inventory levels or rerouting logistics, are made, ultimately boosting confidence in AI-driven processes (Kosasih et al., 2024; Olan et al., 2024).

Blockchain technology complements XAI by offering a secure and immutable record-keeping system that underpins the integrity of supply chain data (Jayanthi et al., 2024; Kabashkin, 2024). Blockchain’s decentralized ledger capabilities ensure that every transaction and movement within the supply chain is permanently recorded, enhancing transparency and traceability. For instance, blockchain can document a product’s journey from raw material sourcing to final delivery, providing a reliable audit trail that consumers and regulators can trust. Together, XAI and blockchain create a powerful synergy: XAI ensures that the decisions made within the supply chain are explainable and interpretable, while blockchain guarantees that the underlying data are accurate, tamper-proof, and readily accessible (Jayanthi et al., 2024; Rathore et al., 2024). The evolution of supply chains is being shaped by several interrelated drivers, including the increasing emphasis on sustainability, the impact of global disruptions, and the rapid integration of advanced technologies. Sustainability has become a critical priority as businesses face growing pressure from consumers, regulators, and stakeholders to adopt environmentally and socially responsible practices. Traceability and transparency, which blockchain and XAI can provide, are essential for verifying sustainable sourcing and reducing environmental footprints (Bhatia & Albarrak, 2023; Nassar et al., 2020). For instance, the ability to track a product’s carbon emissions or ensure compliance with fair labor practices requires robust data systems and transparent analytics.

Global disruptions, such as the COVID-19 pandemic, geopolitical tensions, and climate-induced natural disasters, have exposed significant vulnerabilities in supply chains (Cole & Dodds, 2020). These events underscore the importance of resilience and adaptability in supply chain management. Technologies like blockchain can facilitate rapid reconfiguration of supply chains by providing real-time visibility into inventory and supplier networks, while XAI enables quick and informed decision-making during crises. For example, during the pandemic, companies using blockchain could verify the authenticity of medical supplies, and XAI could optimize supply routes to avoid delays (Jauhar et al., 2024; Kosasih et al., 2024; Sadeghi et al., 2024). The ongoing integration of emerging technologies further propels supply chains into a new era of efficiency and customer-centricity. The Internet of Things (IoT) and big data analytics are transforming operations by providing granular, real-time insights into every aspect of the supply chain, from inventory levels to transportation logistics (Sallam et al., 2023; ur Rehman et al., 2019). When paired with XAI, these technologies enable supply chain managers to understand and act on complex datasets more effectively. Blockchain adds another layer of reliability by ensuring that the data collected and analyzed are verifiable and free from manipulation.

The combined application of XAI and blockchain is uniquely positioned to address longstanding challenges in supply chain management. Transparency and trust, two fundamental requirements for effective supply chains, are significantly enhanced through this combination (Centobelli et al., 2022). Blockchain’s immutable records ensure that every transaction is transparent and verifiable, while XAI provides the interpretability needed to trust AI-generated insights. For example, in a scenario involving predictive maintenance of equipment, blockchain can record sensor data, and XAI can explain the reasons behind maintenance alerts, allowing managers to act confidently (Demertzis et al., 2023). Traceability is another area where the synergy between XAI and blockchain proves invaluable. Blockchain’s ability to create a permanent and tamper-proof record of a product’s journey ensures compliance with regulatory standards and ethical practices. XAI complements this by analyzing data trends to predict potential bottlenecks or compliance risks, enabling proactive measures (Sarker, 2024). For instance, in the food supply chain, blockchain can trace the origin of products, while XAI can identify patterns that indicate quality issues or potential contamination.

The intersection of XAI and blockchain also plays a pivotal role in ensuring compliance and accountability within supply chains (Chen et al., 2023; Jayanthi et al., 2024). Regulatory frameworks often require detailed documentation of sourcing, production, and distribution practices. Blockchain simplifies compliance by providing an easily accessible and reliable record of these activities, while XAI adds a layer of accountability by clarifying the rationale behind compliance-related decisions (Haleem et al., 2021). This dual approach ensures that supply chains not only meet regulatory requirements but also demonstrate accountability to stakeholders. The optimization of decision-making processes is greatly enhanced through the combination of these technologies. XAI empowers supply chain managers with actionable insights by explaining the reasoning behind AI-driven analytics, such as demand forecasts or inventory recommendations. Blockchain ensures the integrity of the data feeding these insights, reducing the risk of errors or fraud (Nimmagadda, 2021). This integration results in more accurate and efficient decision-making, ultimately improving overall supply chain performance.

The integration of XAI and blockchain technology represents a transformative opportunity for supply chain management (Soundararajan & Shenbagaraman, 2024). By addressing critical challenges such as transparency, traceability, and accountability, these technologies enable supply chains to become more resilient, sustainable, and efficient. As supply chains navigate an increasingly complex and dynamic global landscape, the adoption of XAI and blockchain will be essential in achieving operational excellence and meeting the evolving demands of consumers, regulators, and stakeholders. Together, these technologies pave the way for a future in which supply chains are not only more efficient but also more transparent, ethical, and adaptable to change.


Transformative Technologies on the Horizon

The landscape of supply chain management is undergoing significant transformation, driven by the emergence of advanced technologies enhancing efficiency, transparency, and resilience. Key among these are next-generation AI techniques, advancements in blockchain scalability and interoperability, the integration of the IoT with forthcoming 6G networks, and the deployment of digital twins (Jahid et al., 2023; Tyagi & Tiwari, 2024). Collectively, these innovations promise to revolutionize supply chain operations, offering unprecedented capabilities in data analysis, real-time monitoring, and proactive risk management. Traditional AI models often require centralized data collection, raising concerns about data privacy and security. Federated learning (FL) addresses this issue by enabling decentralized model training across multiple devices or organizations without the need to share raw data (Banabilah et al., 2022; Nguyen et al., 2021). In supply chain contexts, FL allows various stakeholders—such as manufacturers, suppliers, and retailers—to collaboratively develop predictive models while maintaining data confidentiality. This approach enhances demand forecasting, inventory management, and logistics optimization by leveraging diverse datasets without compromising privacy. For instance, FL can facilitate collaborative forecasting models that account for regional sales patterns without exposing sensitive sales data.

Quantum AI represents another frontier, combining quantum computing’s computational power with AI’s analytical capabilities (Khan et al., n.d.; Pal, 2023). Quantum computers process information in qubits, which can represent multiple states simultaneously, allowing them to solve complex optimization problems more efficiently than classical computers. In supply chains, Quantum AI can optimize routing, scheduling, and resource allocation by evaluating numerous variables and constraints concurrently (Alshaer & Ismail, 2024; Nguyen et al., 2021). This capability is particularly beneficial for large-scale logistics networks, where traditional algorithms may struggle with computational limitations. For example, Quantum AI can optimize delivery routes in real-time, considering factors like traffic, weather, and vehicle capacity to minimize costs and delivery times. Blockchain technology offers immutable and transparent records, making it ideal for tracking goods and verifying transactions in supply chains. However, early blockchain implementations faced challenges related to scalability and interoperability, limiting their widespread adoption. Recent developments aim to overcome these hurdles.

Scalability improvements focus on increasing the number of transactions a blockchain network can process per second. Techniques such as sharding—dividing the blockchain into smaller, more manageable segments—and off-chain processing—handling transactions outside the main blockchain—are being explored to enhance throughput and reduce latency (Liu et al., 2022). These advancements enable blockchain systems to handle the high transaction volumes typical in global supply chains without compromising performance. For instance, a scalable blockchain can efficiently process numerous transactions from various suppliers and distributors, ensuring real-time visibility across the supply chain. Interoperability addresses the ability of different blockchain systems to communicate and share information seamlessly. In supply chains, multiple stakeholders may use various blockchain platforms, necessitating interoperability to ensure cohesive operations. Standardization efforts and the development of cross-chain communication protocols are underway to facilitate data exchange between disparate blockchain networks. Achieving interoperability allows for a unified view of the supply chain, enhancing coordination and reducing information silos. For example, interoperability enables a manufacturer using one blockchain platform to seamlessly share production data with a retailer on a different platform, ensuring alignment and transparency.

IoT has already begun to transform supply chains by embedding sensors and devices throughout the logistics network, providing real-time data on inventory levels, equipment status, and environmental conditions (Ben-Daya et al., 2019). The advent of 6G networks, with their anticipated ultra-low latency and high data transfer rates, will further amplify IoT capabilities. 6G technology is expected to support massive IoT deployments, enabling seamless connectivity for billions of devices. In supply chains, this means more granular and real-time monitoring of assets, from raw materials to finished products. Enhanced connectivity allows for immediate detection of anomalies, such as temperature deviations in perishable goods or unexpected delays in transit, enabling swift corrective actions. For instance, sensors on shipping containers can transmit real-time location and condition data over 6G networks, allowing stakeholders to monitor shipments continuously and respond promptly to any issues.

The integration of IoT with 6G also facilitates advanced data analytics (Qadir et al., 2023). The vast amounts of data generated can be processed in real time, providing actionable insights for decision-makers. Predictive analytics can forecast demand fluctuations, identify potential supply chain disruptions, and optimize resource allocation. For example, real-time data from IoT devices can feed into AI models to predict equipment failures before they occur, allowing for proactive maintenance and reducing downtime. Digital twins are virtual replicas of physical assets, processes, or systems that mirror real-world operations in a digital environment (Shahzad et al., 2022). In supply chains, digital twins can simulate end-to-end processes, providing a comprehensive view of operations. This capability enhances agility and risk management by allowing organizations to test scenarios, predict outcomes, and optimize strategies without disrupting actual operations. For instance, a digital twin of a manufacturing facility can simulate the impact of a new production process, identifying potential bottlenecks or resource constraints before implementation. Similarly, digital twins can model supply chain disruptions, such as supplier failures or transportation delays, enabling companies to develop contingency plans proactively (Ivanov & Dolgui, 2021). This foresight is crucial for maintaining continuity and minimizing the impact of unforeseen events.

The integration of digital twins with AI and IoT further enhances their utility (Mihai et al., 2022). Real-time data from IoT devices can update digital twins continuously, ensuring they accurately reflect current conditions. AI algorithms can analyze these data to identify patterns, predict future states, and recommend optimal actions (Paramesha et al., 2024). For example, a digital twin of a supply chain network can use real-time data to predict demand surges and adjust inventory levels, accordingly, preventing stockouts or overstocking. The convergence of FL, quantum AI, scalable and interoperable blockchain technologies, IoT integrated with 6G networks, and digital twins is set to redefine supply chain management. These transformative technologies offer solutions to longstanding challenges, providing enhanced data analysis, real-time monitoring, and proactive risk management. As organizations navigate an increasingly complex and dynamic global market, adopting and integrating these innovations will be essential for building resilient, efficient, and agile supply chains.


Opportunities and Benefits

The integration of advanced technologies such as XAI and blockchain is revolutionizing supply chain management, offering numerous opportunities and benefits (Rane et al., 2024). These innovations enhance decision-making, secure supply chain ecosystems, and improve transparency, traceability, and accountability across multitiered supply chains. They also play a crucial role in combating counterfeiting, ensuring ethical sourcing, and managing compliance. Traditional AI models often operate as “black boxes,” providing outputs without clear insights into their decision-making processes (Brożek et al., 2024; Rane et al., 2024). This opacity can hinder trust and limit the adoption of AI solutions in critical supply chain operations. XAI addresses this issue by making AI decision-making processes transparent and understandable to human users. In supply chain management, XAI facilitates better decision-making by providing clear rationales behind AI-driven recommendations. For instance, XAI can elucidate the factors influencing demand forecasts or the reasons behind specific inventory management suggestions, enabling supply chain professionals to make informed decisions with confidence.

Predictive analytics, powered by XAI, allows organizations to anticipate future trends and make proactive decisions (Malleswari et al., 2024). By analyzing historical data and identifying patterns, predictive models can forecast demand fluctuations, potential supply chain disruptions, and optimal inventory levels. For example, a retailer can use predictive analytics to anticipate a surge in demand for certain products during a holiday season, allowing them to adjust inventory levels accordingly and avoid stockouts. The transparency provided by XAI ensures that these predictions are understandable and actionable, fostering trust in AI-driven insights. Blockchain technology offers a decentralized ledger system that records transactions across multiple computers, ensuring that the recorded information cannot be altered retroactively. This immutability and transparency make blockchain an ideal solution for securing supply chain ecosystems. By recording every transaction and movement of goods on a blockchain, organizations can create a tamper-proof record of the entire supply chain process. This capability is crucial for verifying product authenticity, ensuring compliance with regulations, and maintaining consumer trust.

In a decentralized supply chain ecosystem, blockchain enables all participants—manufacturers, suppliers, distributors, and retailers—to access a single source of truth (Wang et al., 2021). This shared visibility reduces the risk of fraud, errors, and discrepancies as every transaction is recorded and verifiable. For instance, a manufacturer can verify that raw materials are sourced ethically by accessing blockchain records that trace the materials back to their origin. Similarly, consumers can verify the authenticity of a product by scanning a QR code linked to the blockchain, which provides information about the product’s journey through the supply chain. Supply chains often involve multiple tiers of suppliers, making it challenging to maintain transparency and traceability. Blockchain technology addresses this challenge by providing an immutable record of every transaction and movement of goods. This transparency allows organizations to trace products back through each tier of the supply chain, ensuring accountability at every stage. For example, in the food industry, blockchain can be used to trace a product from farm to table. If a contamination issue arises, the source can be quickly identified by reviewing the blockchain records, allowing for swift recalls and minimizing the impact on consumers. This level of traceability is also beneficial for verifying compliance with regulations and standards as organizations can provide documented proof of each step in the supply chain.

Counterfeiting is a significant issue in many industries, leading to financial losses and reputational damage. Blockchain technology can combat counterfeiting by providing a verifiable record of a product’s origin and journey through the supply chain (Danese et al., 2021). Consumers and retailers can verify the authenticity of a product by accessing its blockchain record, reducing the risk of counterfeit goods entering the market. Ensuring ethical sourcing is another critical concern, particularly in industries such as fashion and electronics, where supply chains may involve regions with poor labor practices. Blockchain provides transparency into the sourcing of materials, allowing organizations to verify that their suppliers adhere to ethical standards. For instance, a company can use blockchain to ensure that minerals used in their products are not sourced from conflict zones, thereby upholding ethical sourcing commitments.

Managing compliance with regulations and standards is a complex task, especially for organizations operating in multiple jurisdictions (Hale et al., 2015). Blockchain simplifies compliance by providing a transparent and immutable record of all transactions and processes. Regulatory bodies can access blockchain records to verify compliance, reducing the burden of audits and inspections. For example, in the pharmaceutical industry, blockchain can be used to track the production and distribution of drugs, ensuring compliance with safety regulations and preventing the circulation of counterfeit medications. The integration of XAI and blockchain technology offers significant opportunities and benefits for supply chain management. These technologies enhance decision-making, secure supply chain ecosystems, and improve transparency, traceability, and accountability across multitiered supply chains. They also play a crucial role in combating counterfeiting, ensuring ethical sourcing, and managing compliance. As organizations navigate an increasingly complex global landscape, leveraging the synergy between XAI and blockchain will be crucial in achieving operational excellence and meeting evolving stakeholder expectations.


Challenges and Considerations

The integration of XAI and blockchain technology into supply chain management offers significant benefits, including enhanced transparency, traceability, and decision-making capabilities (Chen et al., 2023). However, several challenges and considerations must be addressed to realize these advantages fully. Key issues include scalability and energy efficiency in blockchain implementations, balancing transparency with privacy, ethical, and regulatory implications of XAI integration and overcoming resistance to technological adoption in legacy systems. Blockchain technology, while providing immutable and transparent records, faces significant scalability challenges. Traditional blockchain networks, such as Bitcoin and Ethereum, process a limited number of transactions per second, which is insufficient for the high-volume demands of global supply chains. This limitation can lead to delays and increased costs, hindering the efficiency of supply chain operations.

Energy consumption is another critical concern. The Proof of Work (PoW) consensus mechanism, used by many blockchain networks, requires substantial computational power, leading to high energy usage (Jung et al., 2024). This not only raises operational costs but also poses environmental sustainability issues. For instance, the energy consumption of blockchain technology has been a topic of debate, with some arguing that it could negate the environmental benefits achieved through supply chain optimizations. To address these challenges, alternative consensus mechanisms, such as Proof of Stake (PoS) and Proof of Authority (PoA), are being explored (Sharma, 2021). These mechanisms are more energy-efficient and can offer improved scalability. Additionally, layer-2 solutions, such as sidechains and off-chain processing, aim to increase transaction throughput without compromising the security and decentralization of the main blockchain (Gangwal et al., 2023). Implementing these solutions requires careful consideration to ensure they align with the specific needs and constraints of supply chain applications. Table 14.1 addresses the scalability and energy efficiency of various consensus mechanisms such as PoW, PoS, and PoA.



Table 14.1 Comparison of consensus mechanisms in blockchain


	Consensus mechanism
	Energy efficiency
	Scalability
	Security
	Use cases



	PoW
	Low
	Low
	High
	Cryptocurrencies like Bitcoin


	PoS
	High
	Moderate
	Moderate
	Ethereum 2.0, staking-based systems


	PoA
	High
	High
	Moderate
	Private and permissioned blockchains


The comparison of consensus mechanisms in Table 14.1 reveals key trade-offs between energy efficiency, security, scalability, and decentralization, emphasizing that the choice of mechanism depends on specific application needs. PoW stands out for its unparalleled security and decentralization but comes at the cost of significant energy consumption and limited scalability (Merlec & In, 2024). In contrast, PoS offers a balance between energy efficiency and security, making it suitable for platforms seeking to enhance scalability while maintaining decentralization to some degree. PoA, with its high scalability and energy efficiency, is particularly well-suited for private or consortium blockchain networks, where centralized governance is acceptable (Putra & Amiruddin, 2023). For supply chain applications, PoS and PoA emerge as the preferred options due to their ability to handle large transaction volumes efficiently, ensuring the reliability and speed necessary for complex operations. However, ongoing advancements in hybrid mechanisms and blockchain protocols may soon redefine these trade-offs, providing even more optimized solutions for diverse use cases.

Figure 14.1 provides a comparative visualization of three major blockchain consensus mechanisms—PoW, PoS, and PoA—based on their performance across three key dimensions: energy efficiency, scalability, and security. Each bar in the chart represents the relative performance of these mechanisms on a scale from 1 (Low) to 5 (High), offering a concise view of their strengths and limitations. In terms of energy efficiency, PoW scores the lowest, reflecting the intensive computational power required to validate transactions and add new blocks to the blockchain. This high energy demand, largely driven by the PoW algorithm’s reliance on solving complex mathematical problems, has been a major drawback of this mechanism. In contrast, PoS and PoA demonstrate significantly higher energy efficiency, with PoA achieving the highest score. This is due to the absence of mining in these mechanisms and the reduced need for computational resources. PoA excels by relying on a limited number of trusted validators, making it an energy-efficient option, especially for private and permissioned blockchain networks.

[image: A bar chart titled Comparison of Consensus Mechanisms in Blockchain, compares three mechanisms, including proof of work, proof of stake, and proof of authority. The chart evaluates each mechanism based on three criteria, including energy efficiency, scalability, and security.]
Figure 14.1 Comparison of consensus mechanisms in blockchain.
When examining scalability, the figure highlights a clear distinction among the mechanisms. PoW again performs poorly as its decentralized nature and extensive validation process limit the number of transactions it can handle per second. PoS shows moderate scalability, benefiting from its staking mechanism that reduces computational overhead while maintaining decentralization. PoA leads in scalability due to its streamlined validation process, where a smaller number of preapproved validators can process transactions rapidly. This characteristic makes PoA particularly suitable for enterprise applications and supply chains that require high transaction throughput. The security dimension tells a different story because PoW scores the highest as its reliance on massive computational power and its decentralized nature make it extremely difficult to compromise. The need for most computational resources to launch an attack adds a layer of security that is hard to replicate in other mechanisms. PoS, while still secure, scores slightly lower due to concerns about potential centralization if a small group of participants controls a significant portion of the stake. PoA, with the lowest score in this category, faces security challenges stemming from its centralized model, where trust is placed in a limited number of validators. This centralization can make PoA networks more vulnerable to collusion or targeted attacks.

Figure 14.1 underscores the trade-offs inherent in these consensus mechanisms. While PoW offers unmatched security, it lags significantly in energy efficiency and scalability. PoS strikes a balance between these dimensions, making it a versatile choice for platforms aiming for sustainability and moderate scalability. PoA, with its high energy efficiency and scalability, is optimal for use cases where decentralization is less critical, such as private blockchain networks in enterprise environments. Figure 14.1 highlights the need for organizations to choose a consensus mechanism based on their specific priorities and operational requirements.

Table 14.2 compares the energy consumption and efficiency of blockchain networks based on their consensus mechanisms, annual energy usage, transaction throughput, and remarks. Table 14.2 highlights the stark differences in energy efficiency and scalability, with Bitcoin’s energy-intensive PoW mechanism contrasted against Ethereum’s efficient PoS and Hyperledger Fabric’s enterprise-friendly PoA.



Table 14.2 Energy consumption of blockchain networks


	Blockchain network
	Consensus mechanism
	Estimated annual energy usage (TWh)
	Transaction throughput (TPS)
	Remarks



	Bitcoin
	PoW
	120
	5
	Energy-intensive, secure but slow


	Ethereum
	PoS
	2.6
	20
	Significantly more efficient, transitioning from PoW


	Hyperledger Fabric
	PoA
	0.05
	1000
	Highly efficient, suitable for enterprise use


Blockchain’s inherent transparency is advantageous for supply chain visibility but can conflict with privacy requirements (Rogerson & Parry, 2020). In supply chains, certain information, such as supplier pricing or proprietary processes, is sensitive and must be protected. Public blockchains, which allow all participants to view transaction details, may inadvertently expose confidential information, leading to competitive disadvantages or breaches of contractual obligations. To balance transparency with privacy, several approaches can be employed. Permissioned blockchains restrict access to authorized participants, ensuring that sensitive information is shared only among trusted parties. Additionally, techniques like zero-knowledge proofs enable the verification of transactions without revealing underlying data, maintaining privacy while ensuring trust. Implementing these solutions requires a nuanced understanding of the specific privacy needs within the supply chain and the selection of appropriate blockchain architectures and cryptographic techniques.

Figure 14.2 provides a comparative analysis of three blockchain networks—Bitcoin, Ethereum, and Hyperledger Fabric—focusing on two critical performance metrics: energy consumption (measured in terawatt-hours, TWh) and transaction throughput (measured in transactions per second, TPS). The dual-axis bar chart illustrates how these networks differ in terms of energy usage and their capacity to handle transactions, offering valuable insights into the trade-offs between scalability, efficiency, and operational costs.

[image: A dual-axis bar chart titled Energy Consumption and Transaction Throughput of Blockchain Networks compares three blockchain networks, including Bitcoin, Ethereum, and Hyperledger Fabric. Bitcoin has the highest energy consumption but minimal transaction throughput, while Hyperledger Fabric has the highest transaction throughput and negligible energy usage.]
Figure 14.2 Comparative analysis of blockchain networks highlighting energy consumption (TWh) and transaction throughput (TPS).
Bitcoin, utilizing the energy-intensive PoW consensus mechanism, stands out with a staggering energy usage of 120 TWh per year. This consumption level reflects the high computational power required for miners to solve complex cryptographic puzzles to validate transactions. Ethereum, which is transitioning to the more energy-efficient PoS mechanism, consumes significantly less energy at 2.6 TWh annually. Hyperledger Fabric, operating with the PoA mechanism, is the most energy-efficient of the three, requiring only 0.05 TWh per year due to its reliance on a limited number of preapproved validators. Bitcoin, while highly secure and decentralized, has limited scalability, processing only five transactions per second. Ethereum improves slightly in this regard, achieving a throughput of 20 TPS, thanks to the optimizations provided by its PoS mechanism. Hyperledger Fabric demonstrates exceptional scalability with a throughput of 1,000 TPS, making it highly suitable for enterprise-level applications that require the processing of large volumes of transactions in real time. Figure 14.2 illustrates the trade-offs inherent in blockchain design. Bitcoin prioritizes decentralization and security, which come at the expense of energy efficiency and scalability. Ethereum strikes a balance between energy efficiency and performance but still lags enterprise-focused solutions. Hyperledger Fabric, designed for private and permissioned networks, achieves the highest transaction throughput with minimal energy consumption, though it sacrifices the decentralization and security of public blockchain systems.

The integration of XAI into supply chain decision-making introduces ethical and regulatory considerations (Akhtar et al., 2024; Olan et al., 2024; Sadeghi et al., 2024). While XAI enhances transparency by providing insights into AI-driven decisions, it also raises concerns about accountability, bias, and compliance with regulations. AI systems can inadvertently perpetuate biases present in training data, leading to unfair or discriminatory outcomes. For example, an AI model trained on historical procurement data may favor certain suppliers, reinforcing existing biases. Ensuring that XAI models are fair and unbiased requires rigorous testing and validation, as well as the implementation of mechanisms to detect and mitigate bias. Regulatory frameworks are evolving to address the ethical use of AI. Organizations must stay informed about relevant regulations and ensure that their AI implementations comply with legal requirements. This includes adhering to data protection laws, such as the General Data Protection Regulation (GDPR) in the European Union, which mandates transparency and accountability in automated decision-making processes. Establishing robust governance frameworks is essential to navigate these ethical and regulatory challenges. This involves defining clear policies for AI use, implementing oversight mechanisms, and fostering a culture of ethical awareness within the organization. Engaging stakeholders, including employees, customers, and regulators, in discussions about AI ethics can also help build trust and ensure that AI applications align with societal values.

The adoption of XAI and blockchain technologies in supply chains often encounters resistance, particularly in organizations with legacy systems. Challenges include the high costs of implementation, the complexity of integrating new technologies with existing infrastructure, and a lack of technical expertise (Nimmy et al., 2022). To overcome these barriers, organizations should adopt a strategic approach to technology adoption. This includes conducting thorough cost-benefit analyses to demonstrate the value of new technologies, investing in employee training and development to build technical capabilities, and engaging stakeholders throughout the adoption process to address concerns and build buy-in. Pilot projects can serve as an effective means to test new technologies on a smaller scale, allowing organizations to assess feasibility, identify potential issues, and demonstrate value before full-scale implementation. Additionally, collaborating with technology providers and industry partners can provide access to expertise and resources, facilitating smoother transitions. While the integration of XAI and blockchain technologies offers significant benefits for supply chain management, addressing challenges related to scalability, energy efficiency, privacy, ethics, and technological adoption is crucial. By proactively engaging with these considerations, organizations can harness the full potential of these technologies to build more transparent, efficient, and resilient supply chains.


Strategic Roadmap and Future Directions

This strategic roadmap outlines the necessary steps to create a transparent, efficient, and agile supply chain ecosystem powered by XAI and blockchain. The successful implementation of XAI and blockchain in supply chains requires supportive policy and governance structures that encourage innovation while ensuring ethical and responsible use (Bhatia & Albarrak, 2023). Governments and regulatory bodies should collaborate with industry stakeholders to develop clear guidelines and standards that address data privacy, security, and interoperability. For instance, the European Commission has highlighted the need for policy frameworks that facilitate blockchain adoption while addressing technical and legal challenges, such as integration with existing systems and scalability concerns. Establishing industry consortia and public-private partnerships can also play a pivotal role in setting best practices and promoting the adoption of these technologies. These collaborations can lead to the development of standardized protocols and frameworks that ensure consistency and interoperability across different supply chain networks. Additionally, fostering an environment that encourages experimentation and pilot projects can help organizations understand the practical implications of XAI and blockchain, leading to more informed policy-making. To build resilient and adaptive supply chains, organizations should leverage emerging technologies such as XAI and blockchain to enhance visibility, agility, and responsiveness. Implementing real-time data analytics through XAI can provide actionable insights into supply chain operations, enabling proactive decision-making and risk mitigation. For example, XAI can help identify potential disruptions by analyzing patterns and anomalies in supply chain data, allowing companies to respond swiftly to unforeseen events.

Blockchain technology can further strengthen supply chain resilience by providing a secure and transparent ledger of transactions, ensuring data integrity and traceability. This capability is particularly valuable in complex, multitiered supply chains where visibility is often limited. By recording every transaction on a blockchain, organizations can track the movement of goods and verify the authenticity of products, reducing the risk of fraud and counterfeiting. Integrating these technologies requires a strategic approach that includes investing in employee training to build digital competencies, upgrading legacy systems to support new technologies, and fostering a culture of continuous improvement and innovation. Organizations should also consider adopting modular and scalable technology solutions that can evolve with changing business needs and technological advancements.

Future research should focus on exploring cross-sector applications of XAI and blockchain to identify best practices and innovative solutions that can be adapted to supply chain management. For instance, examining how these technologies are utilized in healthcare, finance, or logistics can provide valuable insights into their potential applications in supply chains. Ethical AI governance is another critical area for research. Developing frameworks that ensure the ethical use of AI involves addressing issues such as bias, accountability, and transparency. Researchers should investigate methods for auditing AI systems, establishing accountability mechanisms, and creating transparent decision-making processes that stakeholders can trust. Advancements in blockchain protocols, particularly those that enhance scalability and interoperability, are essential for widespread adoption in supply chains. Research should focus on developing consensus mechanisms that reduce energy consumption and increase transaction throughput, as well as protocols that enable seamless integration between different blockchain networks. These advancements will address current limitations and make blockchain a more viable solution for complex supply chain operations.

The convergence of XAI and blockchain technologies offers a transformative opportunity to create supply chain ecosystems that are transparent, efficient, and agile. By providing clear insights into decision-making processes and ensuring the integrity and traceability of data, these technologies can enhance trust among stakeholders, streamline operations, and improve responsiveness to market changes and disruptions. Achieving this vision requires a concerted effort to develop supportive policy and governance frameworks, implement strategic initiatives that leverage emerging technologies, and engage in research that addresses the challenges and opportunities presented by XAI and blockchain. Through collaboration among industry stakeholders, policymakers, and researchers, the potential of these technologies can be harnessed to build resilient and adaptive supply chains that meet the demands of a dynamic global marketplace.


Conclusion

The integration of XAI and blockchain technology has the potential to redefine the landscape of supply chain management, addressing critical challenges while unlocking unprecedented opportunities. As highlighted in this chapter, these technologies enhance decision-making, foster transparency and traceability, and create secure, decentralized ecosystems. By doing so, they empower organizations to navigate the complexities of modern supply chains with greater agility, resilience, and accountability. However, the path to fully realizing these benefits is not without challenges. Issues such as scalability, energy efficiency, privacy concerns, ethical implications, and resistance to technological change must be addressed through thoughtful strategies and innovative solutions. Robust policy and governance frameworks, coupled with a commitment to fostering innovation, will be essential in overcoming these barriers. Looking ahead, the future of supply chain management lies in the seamless integration of emerging technologies, informed by rigorous research and cross-sector collaboration. XAI and blockchain, supported by advancements in IoT, digital twins, and quantum computing, will pave the way for smarter, more efficient supply chains. By leveraging these tools, organizations can build ecosystems that are not only operationally excellent but also aligned with the values of transparency, sustainability, and inclusivity. Ultimately, the convergence of XAI and blockchain represents more than just a technological advancement—it is a transformative shift toward a more transparent, efficient, and ethical supply chain future. As organizations embrace this vision, they will be better positioned to meet the demands of a rapidly evolving global marketplace, ensuring long-term success and societal impact.
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