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Abstract

This review presents a framework for improving data interoperability in sustainable supply chains using
Distributed Ledger Technologies (DLTs). As supply chains become increasingly complex, the need for seamless
data exchange between diverse stakeholders and systems is critical to ensuring transparency, efficiency, and
sustainability. However, existing supply chains often face challenges related to data fragmentation, silos, and
inconsistent data standards, which hinder effective collaboration and real-time decision-making. These
inefficiencies not only impact operational performance but also compromise efforts to meet sustainability goals
and regulatory requirements. DLTs, with their decentralized, immutable, and transparent characteristics, offer a
promising solution to these issues by enabling secure and standardized data exchange across the entire supply
chain ecosystem. This review explores how DLT can be used to standardize data formats, facilitate real-time data
sharing, and integrate legacy systems, thereby improving the interoperability of data across global supply chains.
Additionally, smart contracts within DLT networks can automate data verification and ensure compliance with
sustainability standards, further enhancing operational transparency and accountability. The framework
proposed provides benefits such as enhanced traceability, reduced operational costs, improved sustainability
outcomes, and greater trust among supply chain stakeholders. However, challenges related to scalability, data
privacy, and stakeholder adoption are also addressed, offering practical solutions to ensure successful DLT
implementation. Through case studies of industries like food, textiles, and energy, this review demonstrates how
DLT-based interoperability can transform supply chains to become more sustainable and resilient. By addressing
these pressing challenges, the integration of DLT into supply chain operations can significantly advance
sustainability efforts in a rapidly evolving global market.

Keywords: Data Interoperability, Supply Chains, Ledger Technologies. Review

Date of Submission: 12-11-2024 Date of Acceptance: 25-11-2024

l. Introduction

Sustainable supply chains have emerged as a critical component of contemporary business practices,
reflecting an increasing awareness of the environmental, social, and economic impacts of production and
distribution processes (Daramola et al., 2024; Eziamaka et al., 2024). As organizations seek to align their
operations with sustainable development goals, the importance of integrating sustainability into supply chain
management has become paramount. Sustainable supply chains are characterized by their commitment to
minimizing environmental harm, promoting ethical labor practices, and ensuring economic viability (Ige et al.,
2024; Nwosu and llori, 2024). This multifaceted approach not only enhances corporate reputation but also
contributes to long-term competitiveness in an increasingly conscientious market.

However, despite the recognized significance of sustainability in supply chains, organizations face
substantial challenges, particularly regarding data interoperability. Current supply chain systems often operate in
silos, with disparate data sources and formats that hinder effective communication and collaboration among
stakeholders (Akinsulire et al., 2024; Ezeh et al., 2024). This fragmentation results in inefficiencies, delays, and
increased costs, ultimately detracting from the potential sustainability benefits that could be realized through
coordinated efforts. The lack of seamless data integration also impedes transparency, making it difficult for
companies to trace the origin of materials, assess environmental impacts, or ensure compliance with regulatory
standards (Babatunde et al., 2024). Distributed Ledger Technologies (DLTs), such as blockchain, present a
promising solution to these challenges. By providing a decentralized and tamper-resistant platform for data storage
and sharing, DLTs can significantly enhance data interoperability within supply chains. These technologies enable
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real-time access to information across all stakeholders, fostering greater collaboration and facilitating the tracking
of products from their origin to the end consumer (Ekemezie and Digitemie, 2024). Consequently, the adoption
of DLTs has the potential to revolutionize supply chain management by enhancing transparency, improving
efficiency, and promoting sustainability (Okeke et al., 2023).

The primary purpose this review is to address the inefficiencies and fragmentation in supply chain data
through the implementation of Distributed Ledger Technologies. By creating a unified system for data sharing,
organizations can overcome existing barriers to communication and collaboration. This framework aims to
streamline data exchange among supply chain partners, reducing delays and inaccuracies associated with
traditional methods. By enabling stakeholders to access and share information in real time, DLTs can facilitate
better decision-making, ultimately leading to enhanced operational performance. Furthermore, this framework
seeks to enhance sustainability by improving transparency and interoperability within supply chains. With greater
visibility into supply chain processes, organizations can identify areas for improvement, such as reducing waste,
optimizing resource use, and ensuring ethical sourcing practices. Enhanced transparency also empowers
consumers to make informed choices, as they can trace the origin and environmental impact of the products they
purchase (Ajiva et al., 2024). By fostering a more sustainable and responsible supply chain ecosystem, the
proposed framework not only aligns with global sustainability goals but also positions organizations to thrive in
an increasingly competitive and conscientious market. The integration of Distributed Ledger Technologies into
sustainable supply chains holds immense potential to overcome current challenges related to data interoperability
(Uzougbo et al., 2024). By enhancing transparency and promoting collaboration among stakeholders, this
framework aims to create more efficient and sustainable supply chain practices, ultimately contributing to a more
resilient and responsible global economy.

1. Overview of Distributed Ledger Technologies (DLTs)

Distributed Ledger Technologies (DLTs) refer to a class of digital systems that enable the secure and
transparent recording of transactions across multiple locations or nodes, without the need for a centralized
authority (Esiri et al., 2024). At the heart of DLTs are three core principles: decentralization, immutability, and
consensus mechanisms. Decentralization is a foundational feature of DLTs, allowing data to be distributed across
a network of participants rather than stored in a single, centralized database. This architecture minimizes the risk
of single points of failure, enhances resilience against cyber-attacks, and fosters trust among stakeholders by
reducing reliance on intermediaries. Immutability is another key principle, ensuring that once a transaction is
recorded on the ledger, it cannot be altered or deleted. This characteristic is achieved through cryptographic
techniques that secure the data and prevent unauthorized modifications. The immutability of DLTs enhances trust
among users, as they can rely on the accuracy and integrity of the information stored within the system. Finally,
consensus mechanisms are protocols those participants in a DLT network use to agree on the validity of
transactions. These mechanisms vary among different types of DLTs and can include methods such as Proof of
Work, Proof of Stake, and Practical Byzantine Fault Tolerance. By ensuring that all nodes in the network reach a
consensus on the state of the ledger, these mechanisms maintain the integrity of the data and promote collaboration
among participants (Nwaimo et al., 2024).

DLTs offer several key features that make them particularly suited for enhancing supply chain
management (Daramola et al., 2024). Among these features, traceability, transparency, and secure data exchange
stand out as essential components for improving operational efficiency and sustainability. Traceability is a crucial
aspect of supply chain management, as it allows organizations to track products and materials from their origin to
the final consumer. With DLTs, every transaction involving a product is recorded on the ledger, creating an
immutable record of its journey. This feature enables companies to quickly identify the source of raw materials,
monitor production processes, and manage recalls more effectively in case of safety issues. Transparency is
another vital feature that DLTs bring to supply chains (Eziamaka et al., 2024). By providing a shared and accessible
record of transactions, DLTs foster trust among stakeholders, including suppliers, manufacturers, distributors, and
consumers. This transparency enables all parties to verify claims about a product's origin, environmental impact,
and compliance with regulations, empowering consumers to make informed choices and enhancing corporate
accountability. Secure data exchange is also a significant advantage of DLTs. Traditional supply chain systems
often involve multiple intermediaries, which can lead to data silos and increased risks of data breaches (Ikevuje
et al., 2024). DLTs facilitate direct and secure communication between parties, allowing for the seamless sharing
of critical information such as shipment status, inventory levels, and quality assurance data. This streamlined data
exchange enhances collaboration and reduces the likelihood of errors that can arise from manual data entry or
miscommunication (Ige et al., 2024).

Several organizations have already begun to harness the potential of DLTs in supply chain management,
resulting in innovative applications that enhance tracking, authentication, and regulatory compliance. One
prominent example is Walmart, which has implemented a blockchain-based system to track the provenance of
food products (Iyelolu et al., 2024). By recording every transaction related to food items on a distributed ledger,
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Walmart can trace the path of products from farm to store in real time. This application not only improves food
safety by enabling quick identification of contaminated products but also enhances transparency for consumers
seeking to understand the origins of their food. Another example is IBM's Food Trust, a blockchain platform
designed to improve supply chain visibility in the food industry. By collaborating with various stakeholders,
including growers, processors, distributors, and retailers, IBM's platform ensures that all parties have access to
accurate and up-to-date information about food products. This collective data sharing fosters trust and
accountability within the supply chain, ultimately leading to improved food safety and reduced waste.
Additionally, DLTs are being utilized for regulatory compliance in industries such as pharmaceuticals. Companies
like Modum have developed solutions that use blockchain to monitor the temperature of pharmaceutical shipments
in real time (Urefe et al., 2024). By recording environmental conditions on a distributed ledger, these applications
ensure that products are stored and transported within required parameters, thereby complying with regulations
and safeguarding product integrity.

Distributed Ledger Technologies represent a transformative approach to supply chain management,
offering key features such as traceability, transparency, and secure data exchange (Okeke et al., 2023). By
leveraging these capabilities, organizations can address existing challenges in supply chains and enhance their
operational efficiency, sustainability, and compliance with regulations. As the adoption of DLTs continues to grow,
their impact on supply chain practices is likely to deepen, paving the way for more resilient and responsible supply
chains in the future.

2.1 Challenges in Data Interoperability in Sustainable Supply Chains

As global awareness of sustainability issues intensifies, the integration of sustainable practices into
supply chains has become a critical priority for businesses (Obiki-Osafiele et al., 2024). However, achieving data
interoperability among supply chain actors remains a significant challenge that impedes progress toward
sustainability goals. Data interoperability refers to the ability of different systems and organizations to
communicate and exchange data seamlessly. This explores the key challenges in data interoperability within
sustainable supply chains, focusing on data fragmentation, real-time data exchange, security and privacy concerns,
and regulatory compliance barriers.

One of the primary challenges in achieving data interoperability in sustainable supply chains is data
fragmentation and silos. Many supply chain systems operate independently, leading to a lack of integration
between stakeholders and their respective systems (Agu et al., 2024). For example, manufacturers, suppliers,
distributors, and retailers often use different software platforms that do not communicate effectively with one
another. This fragmentation results in isolated data repositories that cannot be easily accessed or shared among
stakeholders. Moreover, disparate data formats and standards across supply chain actors exacerbate this issue.
Each organization may adopt its own data structures, terminologies, and formats, making it difficult to harmonize
information. For instance, one supplier may record inventory levels in real-time while another uses batch updates,
leading to inconsistencies that hinder collaborative decision-making. This lack of standardized data formats limits
the ability of organizations to analyze and utilize data collectively, ultimately stifling efforts to implement
sustainable practices across the supply chain (Osundare and Ige, 2024).

The inability to share data in real-time poses a significant barrier to effective decision-making within
sustainable supply chains (Babatunde et al., 2024). Timely access to accurate information is crucial for managing
operations, optimizing resource use, and responding to environmental challenges. However, many existing
supplies chain systems are not equipped to facilitate real-time data exchange. This limitation can lead to delays in
identifying potential disruptions, such as supply shortages or changes in demand, which can have cascading effects
on sustainability initiatives. Furthermore, a lack of visibility into supply chain operations hinders organizations'
ability to monitor their sustainability performance. For instance, without real-time data on emissions or resource
consumption, companies may struggle to assess their environmental impact accurately. This limited visibility can
also impede efforts to trace the origin of materials and ensure ethical sourcing practices, which are essential for
building sustainable supply chains.

Security, privacy, and trust issues represent another significant challenge in achieving data
interoperability in sustainable supply chains. The risk of data tampering and breaches is a growing concern,
particularly as supply chains become increasingly digitalized. Organizations must ensure that sensitive
information, such as supplier contracts, customer data, and sustainability metrics, is protected from unauthorized
access and manipulation (Ajivaet al., 2024). The lack of robust security measures can deter organizations from
sharing critical data, as partners may fear that their information could be compromised. Moreover, trust among
supply chain partners is vital for fostering collaboration and data sharing. In an environment where organizations
operate in silos, building trust can be challenging. Concerns about data integrity and the potential for
misinformation can further exacerbate these issues. As a result, stakeholders may be reluctant to rely on shared
data, opting instead to maintain their own isolated systems, which perpetuates the cycle of fragmentation and
inefficiency. Lastly, regulatory and compliance barriers pose significant challenges to data interoperability in
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sustainable supply chains. Different regions and industries often have varying sustainability standards and
regulations, leading to inconsistent compliance requirements among supply chain actors (Uzougbo et al., 2024).
This inconsistency can create confusion and complicate efforts to standardize data reporting practices across the
supply chain. This regulatory complexity can hinder the adoption of unified data-sharing protocols, as
organizations may prioritize compliance with local regulations over collaboration with global partners.
Consequently, the lack of a standardized approach to regulatory compliance can impede efforts to enhance
sustainability across supply chains. Data interoperability remains a significant challenge in the pursuit of
sustainable supply chains. Data fragmentation and silos, the inability to share real-time information, security and
privacy concerns, and regulatory compliance barriers all contribute to this issue. Overcoming these challenges
requires a concerted effort from all stakeholders to establish standardized data formats, invest in robust security
measures, foster trust among partners, and harmonize regulatory requirements (Esiri et al., 2024). By addressing
these interoperability challenges, organizations can enhance collaboration and transparency within their supply
chains, ultimately advancing their sustainability objectives and contributing to a more sustainable global economy.

2.2 The Role of DLT in Improving Data Interoperability

Data interoperability is increasingly recognized as a crucial element for effective and sustainable supply
chain management (Osundare and Ige, 2024). As organizations strive to enhance collaboration and efficiency
across diverse stakeholders, the integration of Distributed Ledger Technology (DLT) offers significant potential
to overcome existing challenges in data sharing and communication. DLT can play a transformative role in
improving data interoperability through the standardization of data formats, decentralized and secure data sharing,
integration with legacy systems, and the facilitation of cross-border data exchange.

One of the key advantages of DLT is its ability to provide a unified, standardized data exchange system.
In traditional supply chains, the absence of standard data formats often leads to fragmented information that
complicates collaboration among different actors. DLT enables the creation of a shared ledger that can
accommodate a standardized format for recording transactions and data across the supply chain (Akinsulire et al.,
2024). By establishing common protocols for data entry, DLT can facilitate seamless information exchange among
stakeholders, regardless of their existing systems. This standardization reduces the need for extensive data
translation and conversion processes, which are often time-consuming and error-prone. For instance, organizations
can implement standardized tags for product identification, shipment tracking, and sustainability metrics, allowing
all partners to access and interpret data consistently. Consequently, the standardization of data formats through
DLT not only enhances data interoperability but also streamlines operations and improves decision-making within
the supply chain.

DLT's decentralized nature allows for secure data sharing between supply chain partners without the need
for intermediaries. Traditional data sharing often relies on central authorities or intermediaries to manage and
verify transactions, which can introduce delays, increase costs, and reduce trust among partners. DLT enables
peer-to-peer transactions, where each participant maintains a copy of the ledger, ensuring that all parties have
access to the same information in real time. This decentralized approach enhances transparency and trust, as all
stakeholders can independently verify transactions without relying on a central authority (Ezeh et al., 2024).
Moreover, DLT employs advanced cryptographic techniques to secure data against tampering and unauthorized
access, further reinforcing trust among partners. For example, in a sustainable supply chain, participants can
confidently share information about raw material sourcing, production practices, and environmental compliance,
knowing that the data is secure and immutable. By fostering a more transparent and trustworthy environment,
DLT can significantly enhance data interoperability and collaboration across the supply chain.

Despite the advantages of DLT, many organizations still rely on legacy systems for their supply chain
management (Okeke et al., 2023). A significant challenge in achieving data interoperability is ensuring that DLT
can seamlessly integrate with these existing systems and protocols. Developing mechanisms for compatibility is
essential to facilitate the transition to DLT without disrupting ongoing operations. One approach to achieving this
integration is through the use of application programming interfaces (APIs) that connect DLT with legacy systems.
APIs can act as intermediaries, allowing data to flow between DLT and existing platforms while maintaining the
integrity of both systems. Additionally, organizations can implement hybrid solutions that combine elements of
DLT with traditional databases, gradually transitioning toward a more decentralized architecture. This incremental
approach enables organizations to leverage the benefits of DLT while minimizing operational risks and ensuring
continuity in their supply chain processes.

In an increasingly globalized economy, the ability to facilitate cross-border data exchange is vital for
enhancing interoperability among supply chain actors. DLT can play a significant role in improving global
interoperability by simplifying cross-border transactions and ensuring compliance with international regulations.
DLT’s inherent characteristics, such as transparency and immutability, make it well-suited for addressing the
complexities associated with international trade (Uzougbo et al., 2024). For instance, DLT can streamline the
documentation process by providing a single, tamper-proof record of all transactions, reducing the risk of fraud
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and disputes. Additionally, DLT can enable real-time tracking of goods as they move across borders, allowing for
more efficient customs clearance and regulatory compliance. By establishing a standardized approach to data
exchange, DLT can help organizations navigate the complexities of international regulations while enhancing
collaboration and reducing delays.

Distributed Ledger Technology has the potential to significantly improve data interoperability in supply
chains. Through the standardization of data formats, decentralized and secure data sharing, integration with legacy
systems, and facilitation of cross-border data exchange, DLT can address many of the existing challenges that
hinder effective collaboration among supply chain actors (Osundare and Ige, 2024). As organizations increasingly
recognize the importance of data interoperability for sustainable practices, the adoption of DLT can serve as a
catalyst for transforming supply chain operations, ultimately contributing to enhanced efficiency, transparency,
and sustainability in the global economy.

2.3 Components of a DLT-Based Interoperability Framework

The growing complexity of global supply chains necessitates enhanced interoperability to improve
efficiency, transparency, and sustainability. Distributed Ledger Technology (DLT) offers innovative solutions to
address these challenges by enabling seamless data exchange and collaboration among supply chain actors (Okatta
et al., 2024). A DLT-based interoperability framework comprises several key components: interoperable data
protocols, smart contracts for automated data exchange, DLT infrastructure, and real-time data integration tools.

At the foundation of any DLT-based interoperability framework are interoperable data protocols.
Developing common protocols and data standards across supply chain actors is essential for facilitating seamless
communication and information sharing. These protocols ensure that data can be consistently interpreted and
utilized by various stakeholders, regardless of their existing systems. By aligning on a common language, supply
chain partners can significantly reduce misunderstandings and errors associated with disparate data interpretations
(Daramola et al., 2024). Furthermore, industry-specific consortiums can collaborate to establish these standards,
creating a unified framework that enhances overall efficiency. Implementing interoperable data protocols is critical
for achieving true collaboration among supply chain actors and unlocking the full potential of DLT in improving
data interoperability.

Smart contracts are self-executing contracts with the terms of the agreement directly written into code,
facilitating automated data exchange between parties. By utilizing smart contracts, organizations can automate
data verification and sharing based on predefined conditions. This automation not only speeds up transactions but
also reduces the reliance on manual processes, minimizing the risk of errors (Efunniyi et al., 2024). The choice of
DLT infrastructure is a critical consideration for achieving interoperability in supply chains. Organizations must
decide between permissioned and public blockchains, each offering distinct advantages and challenges.
Permissioned blockchains provide controlled access to the network, allowing only authorized participants to view
and validate transactions. This type of infrastructure enhances privacy and security, making it suitable for
industries that require stringent compliance with regulations or protection of sensitive data. On the other hand,
public blockchains offer greater transparency and broader participation, as they allow anyone to join the network
and access the ledger. This can be beneficial for supply chains focused on enhancing trust and visibility among a
wider array of stakeholders. The selection of DLT infrastructure should align with the specific needs and goals of
the supply chain. By carefully considering the trade-offs between permissioned and public blockchains,
organizations can build an effective DLT-based interoperability framework that fosters collaboration while
addressing security and privacy concerns (Adeniran et al., 2022).

Real-time data integration tools play a pivotal role in enhancing the effectiveness of a DLT-based
interoperability framework. Leveraging Internet of Things (IoT) devices and Al-driven analytics enables
organizations to capture real-time data from various sources and validate it against existing records on the DLT
(Obiki-Osafiele et al., 2024). IoT devices can monitor environmental conditions, track shipments, and provide
data on equipment performance, feeding this information directly into the DLT. For instance, sensors can track
temperature and humidity levels during the transportation of perishable goods, ensuring compliance with quality
standards. Al-driven analytics can then assess this data for anomalies, helping to identify potential issues before
they escalate. By integrating real-time data into the DLT framework, organizations can achieve improved visibility
and responsiveness within their supply chains. This capability not only enhances decision-making but also
supports more sustainable practices by allowing for timely interventions and optimizations.

DLT-based interoperability framework comprises several critical components, including interoperable
data protocols, smart contracts for automated data exchange, DLT infrastructure, and real-time data integration
tools (Agu et al., 2024). By developing and implementing these components, organizations can significantly
enhance collaboration and data sharing among supply chain actors. This increased interoperability will ultimately
contribute to improved efficiency, transparency, and sustainability in global supply chains, positioning
organizations for success in an increasingly complex and interconnected world.
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2.4 Benefits of Improving Data Interoperability with Distributed Ledger Technology (DLT)

In today’s complex and dynamic global supply chains, improving data interoperability is critical for
enhancing operational efficiency and sustainability. Distributed Ledger Technology (DLT) offers innovative
solutions to achieve this interoperability, leading to numerous benefits (Scott et al., 2024). This outlines the key
advantages of improving data interoperability with DLT, focusing on enhanced transparency and traceability,
increased efficiency and cost reduction, better compliance with sustainability standards, and building trust among
stakeholders.

One of the most significant benefits of DLT is enhanced transparency and traceability within supply
chains. DLT enables real-time tracking of products, materials, and sustainability metrics across the entire supply
chain (Abdul-Azeez et al., 2024). By maintaining a shared, immutable ledger, all stakeholders can access up-to-
date information about the movement and status of goods. For instance, consumers can verify the origin of a
product, ensuring that it meets ethical sourcing standards, while companies can track their environmental impact
by monitoring resource consumption and emissions throughout the supply chain. This level of transparency not
only helps organizations identify inefficiencies and areas for improvement but also fosters accountability and
responsibility among supply chain partners (Ogunleye, 2024). As a result, enhanced traceability facilitated by DLT
contributes to more sustainable practices and informed decision-making.

Improving data interoperability with DLT also leads to increased efficiency and cost reduction.
Traditional supply chain processes often involve redundancies and manual data entry, which can be time-
consuming and error-prone (Esiri et al., 2024). By utilizing DLT, organizations can streamline data sharing and
automate transactions, significantly reducing the need for manual intervention. For example, smart contracts can
automate various supply chain processes, such as payment settlements and inventory updates, based on predefined
conditions. This automation minimizes delays and enhances operational efficiency, allowing organizations to
respond more quickly to changes in demand or supply. Furthermore, the reduction of manual processes leads to
decreased operational costs associated with data entry, reconciliation, and error correction. Overall, leveraging
DLT for improved data interoperability can result in significant cost savings and enhanced productivity within
supply chains.

Another critical advantage of improving data interoperability with DLT is the ability to ensure better
compliance with sustainability standards. Regulatory bodies increasingly require companies to adhere to strict
sustainability guidelines, necessitating accurate and consistent data reporting for audits and certifications
(Akinsulire et al., 2024). DLT provides a reliable platform for capturing and maintaining this data, ensuring that
all stakeholders have access to verifiable information. By utilizing DLT, organizations can create a transparent
record of their sustainability efforts, such as emissions reductions, resource conservation, and ethical sourcing
practices. This transparency not only facilitates regulatory compliance but also enhances the credibility of
sustainability claims made by companies. As a result, organizations can more effectively demonstrate their
commitment to sustainable practices, improving their reputation and competitive advantage in the marketplace.

Finally, improving data interoperability with DLT plays a vital role in building trust among stakeholders
within the supply chain ecosystem. The secure and tamper-proof nature of DLT ensures that all data exchanged
between partners is reliable and authentic. This heightened level of security mitigates the risk of data manipulation
or fraud, fostering a greater sense of confidence among supply chain actors (Uzougbo et al., 2024). When
stakeholders can trust the accuracy and integrity of shared data, they are more likely to collaborate and share
critical information. This collaboration can lead to improved problem-solving, innovation, and enhanced
relationships among partners. As trust grows within the supply chain ecosystem, organizations can work together
more effectively to achieve shared goals, ultimately contributing to a more resilient and sustainable supply chain.
Improving data interoperability with Distributed Ledger Technology offers numerous benefits, including enhanced
transparency and traceability, increased efficiency and cost reduction, better compliance with sustainability
standards, and building trust among stakeholders. By harnessing the power of DLT, organizations can overcome
existing challenges in data sharing and communication, leading to more effective and sustainable supply chain
practices (Ogedengbe et al., 2023). As the global economy continues to evolve, embracing DLT for data
interoperability will be crucial for organizations seeking to thrive in an increasingly interconnected and
environmentally conscious world.

2.5 Challenges and Considerations for DLT Implementation

While Distributed Ledger Technology (DLT) presents promising opportunities for improving data
interoperability in supply chains, its implementation is not without challenges. Organizations considering DLT
must navigate issues related to scalability, data privacy and security, costs, and resistance to change (Okeke et al.,
2022). Addressing these challenges is essential for successfully integrating DLT into existing systems and
achieving the desired benefits.

One of the primary challenges in implementing DLT is scalability. As supply chains grow in complexity
and size, ensuring that DLT systems can handle large volumes of data and an increasing number of participants
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becomes critical. Many existing DLT solutions, particularly public blockchains, face limitations in transaction
throughput and speed. For instance, networks like Bitcoin and Ethereum have struggled with congestion during
peak usage times, resulting in delayed transactions and increased costs (Ezeh et al., 2024). To effectively
implement DLT, organizations must explore solutions that enhance scalability without sacrificing security or
decentralization. This may involve adopting hybrid models that combine public and private blockchains, utilizing
sidechains to process transactions off the main chain, or implementing layer-two solutions that facilitate faster
transactions. By addressing scalability issues, organizations can ensure that DLT systems can accommodate future
growth and evolving supply chain dynamics.

Another significant consideration in DLT implementation is data privacy and security. While DLT
enhances transparency by providing a shared, immutable ledger, this transparency can conflict with the need to
protect sensitive information. Organizations must find a balance between maintaining transparency and
safeguarding confidential data, such as proprietary information or customer details. To address this challenge,
organizations can explore permissioned blockchain solutions that restrict access to sensitive data based on user
roles and permissions (Ezeafulukwe et al., 2024). Additionally, cryptographic techniques, such as zero-knowledge
proofs, can enable data verification without exposing the underlying information. Ensuring robust security
measures while maintaining data privacy is crucial for gaining stakeholder trust and facilitating the successful
adoption of DLT in supply chains.

The cost of implementation is another critical factor organizations must consider when adopting DLT.
Integrating DLT into existing supply chain systems often requires significant financial and technical resources
(Nwaimo et al., 2204). These costs may include investments in infrastructure, software development, and training
personnel to effectively utilize the new technology. Moreover, organizations must consider the ongoing
maintenance and operational costs associated with DLT solutions. To justify these expenses, organizations should
conduct a thorough cost-benefit analysis to assess the potential return on investment (ROI) that DLT can deliver.
By evaluating the long-term benefits against the initial costs, organizations can make informed decisions about
DLT implementation and ensure that the investment aligns with their strategic goals. Finally, resistance to change
and adoption poses a substantial barrier to the successful implementation of DLT. Stakeholders within the supply
chain may be reluctant to embrace new technologies due to concerns about disrupting established processes, a
lack of understanding of DLT, or skepticism regarding its benefits (Ajiga et al., 2024). This resistance can hinder
collaboration and slow the pace of adoption. To overcome this challenge, organizations should focus on change
management strategies that emphasize education, communication, and stakeholder engagement. Providing
training and resources to help stakeholders understand the advantages of DLT and how it can improve their
operations is essential. Additionally, showcasing successful case studies and pilot projects can help demonstrate
the value of DLT in practice, fostering greater acceptance and enthusiasm for its adoption.

While the implementation of Distributed Ledger Technology offers significant potential for enhancing
data interoperability in supply chains, organizations must carefully navigate the associated challenges. Addressing
scalability issues, ensuring data privacy and security, managing implementation costs, and overcoming resistance
to change are critical considerations for successful DLT integration (OKatta et al., 2024). By proactively addressing
these challenges, organizations can unlock the transformative benefits of DLT, driving greater efficiency,
transparency, and sustainability in their supply chain operations.

2.6 Case Studies and Industry Applications of Distributed Ledger Technology (DLT)

Distributed Ledger Technology (DLT) has emerged as a transformative solution in various industries,
particularly in the context of sustainable supply chains (Ekemezie and Digitemie, 2024). By enhancing data
interoperability, DLT fosters greater transparency, traceability, and efficiency. This explores real-world examples
of DLT applications in sustainable supply chains, focusing on the food industry, textile manufacturing, and the
energy sector. Additionally, it analyzes successful implementations of DLT interoperability and the key factors
contributing to their success.

DLT has been successfully integrated into several industries to improve sustainability through enhanced
interoperability. One notable example is the use of DLT by Walmart and IBM in their food supply chain. By
implementing a blockchain-based system, Walmart can trace the origin of food products within seconds, ensuring
food safety and quality. This initiative allows consumers to access information about the provenance of their food,
promoting transparency and accountability among suppliers (Abdul-Azeez et al., 2024). The system not only
enhances food safety but also reduces food waste by improving inventory management and supply chain
efficiency. The textile industry has also seen the implementation of DLT to address sustainability challenges. For
instance, the Loomia platform utilizes blockchain to track the lifecycle of textiles, from raw materials to finished
products. This approach enables brands and consumers to verify the sustainability credentials of textiles, such as
ethical sourcing and environmental impact (Esiri et al., 2023). By providing transparent information about the
supply chain, Loomia helps brands enhance their sustainability practices and consumer trust. In the energy sector,
Power Ledger is a pioneering example of DLT application for decentralized energy trading. The platform allows
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consumers to buy and sell surplus renewable energy directly with each other, enhancing the efficiency of energy
distribution. By providing real-time data on energy production and consumption, Power Ledger promotes
transparency and facilitates the integration of renewable energy sources into the grid. This decentralized model
not only empowers consumers but also contributes to the overall sustainability of the energy supply chain (Abdul-
Azeez et al., 2023).

Several factors contribute to the successful implementation of DLT interoperability in sustainable supply
chains, leading to improved sustainability outcomes. Successful DLT projects often involve collaboration among
various stakeholders, including manufacturers, suppliers, retailers, and regulatory bodies (Okeke et al., 2023). For
instance, the Walmart-IBM collaboration in the food industry was built on the foundation of shared goals related
to food safety and sustainability. By involving all relevant parties in the development and implementation process,
stakeholders can align their interests and ensure the system meets the needs of all participants. The establishment
of common data standards and protocols is essential for achieving interoperability. Successful implementations
often involve the development of industry-specific standards that facilitate seamless data exchange between
different systems. In the textile industry, initiatives that promote standardized data formats allow for better
integration and cooperation among various actors in the supply chain. For DLT solutions to be effective, they must
be accessible and easy to use for all stakeholders. Successful implementations provide user-friendly interfaces and
comprehensive training programs to ensure that all participants can effectively utilize the technology. This
approach helps to overcome resistance to change and fosters greater adoption of DLT among stakeholders.
Regulatory frameworks that support the use of DLT can significantly enhance its adoption in supply chains. By
establishing clear guidelines and standards for DLT applications, regulators can facilitate trust and cooperation
among stakeholders (Daramola et al., 2024).

2.7 Future Directions and Innovations in Distributed Ledger Technology (DLT)

As industries increasingly recognize the importance of sustainability and efficiency in their supply
chains, the future of Distributed Ledger Technology (DLT) looks promising (Scott et al., 2024). Innovations in
DLT are poised to further enhance data interoperability and promote sustainable practices across various sectors.
This discusses three key future directions: the integration of advanced DLT with artificial intelligence (Al), the
incorporation of Internet of Things (IoT) devices for real-time data capture, and the expansion of DLT applications
into new supply chain sectors.

One of the most exciting future directions for DLT is its integration with artificial intelligence. The
combination of Al and DLT can significantly enhance decision-making processes in sustainable supply chains. Al
can analyze vast amounts of data generated within DLT systems to uncover patterns, predict trends, and provide
actionable insights (Akinsulire et al., 2024). By leveraging Al algorithms, companies can make informed decisions
that enhance operational efficiency and sustainability. Moreover, Al can facilitate more effective risk management
by analyzing historical data and providing insights into potential supply chain vulnerabilities. This integration not
only improves the responsiveness of supply chains but also helps organizations align their operations with
sustainability goals.

The integration of Internet of Things (IoT) devices with DLT systems offers a transformative approach
to achieving enhanced interoperability in supply chains. IoT devices can capture real-time data from various points
in the supply chain, including sensors that monitor temperature, humidity, and location. This data can then be
securely recorded on a DLT platform, creating an immutable record of the supply chain's operational conditions.
By utilizing IoT for real-time data capture, organizations can gain immediate insights into their supply chain
operations, enabling timely decision-making and proactive problem-solving (Nwosu, 2024). For example, in the
food industry, IoT sensors can monitor the conditions of perishable goods throughout their journey from farm to
table. This information can be recorded on a DLT system, ensuring transparency and traceability while reducing
waste and ensuring product safety. The seamless integration of IoT devices with DLT systems will facilitate better
communication among stakeholders and promote a more resilient and sustainable supply chain.

As DLT continues to evolve, its applications can expand beyond traditional industries, offering
innovative solutions to enhance interoperability and sustainability in new sectors. For instance, the construction
and real estate industries can benefit from DLT by improving transparency and accountability in project
management and resource allocation. By creating a shared ledger of materials, labor, and costs, stakeholders can
track project progress in real time, ensuring compliance with sustainability standards and minimizing waste.
Additionally, the healthcare sector presents an opportunity for DLT to enhance interoperability among various
entities, such as hospitals, pharmacies, and insurers (Iwuanyanwu et al., 2024). By securely sharing patient data
on a DLT platform, healthcare providers can improve care coordination and reduce administrative burdens while
ensuring patient privacy. Furthermore, DLT can help track the lifecycle of medical supplies, ensuring compliance
with regulatory standards and enhancing the overall sustainability of healthcare supply chains.

The future of Distributed Ledger Technology is marked by exciting innovations that promise to enhance
data interoperability and sustainability across various supply chains. The integration of advanced DLT with
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artificial intelligence can lead to improved predictive analytics and decision-making, while IoT devices can
facilitate real-time data capture and seamless integration. Moreover, the expansion of DLT applications into new
sectors, such as construction and healthcare, presents significant opportunities for enhancing transparency and
accountability. As organizations continue to explore and invest in these innovations, DLT is poised to play a crucial
role in shaping the future of sustainable supply chains.

1. Conclusion

Distributed Ledger Technology (DLT) has emerged as a pivotal force in improving data interoperability
within supply chains. By providing a decentralized, immutable, and transparent platform for data sharing, DLT
enhances traceability and accountability among stakeholders. It addresses key challenges related to data
fragmentation and silos, enabling seamless communication and real-time data exchange. As organizations
increasingly recognize the potential of DLT to foster greater transparency, efficiency, and sustainability, its
integration into supply chains becomes more vital.

However, the successful adoption of DLT requires significant collaboration among all stakeholders
involved in the supply chain. This includes manufacturers, suppliers, retailers, regulators, and consumers, each
playing a crucial role in shaping a unified approach to DLT implementation. Effective collaboration ensures that
diverse perspectives are considered, leading to the development of common standards and protocols that facilitate
interoperability. Furthermore, building trust among partners is essential to overcoming resistance to change and
fostering a culture of shared responsibility for sustainability goals.

Looking ahead, the outlook for sustainable supply chains with enhanced interoperability through DLT is
promising. As industries increasingly adopt innovative solutions that integrate DLT with technologies like
artificial intelligence and the Internet of Things, supply chains will become more agile, transparent, and resilient.
These advancements will not only drive operational efficiency but also align with the growing emphasis on
sustainability in business practices. In conclusion, DLT represents a transformative opportunity for supply chains
to evolve into more interconnected and sustainable systems, ultimately benefiting the environment, society, and
the economy.
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