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ABSTRACT

In an era of globalized commerce and increasing demands for ethical sourcing, transparency, and
regulatory compliance, blockchain technology offers a transformative potential for supply chain
management (SCM). This paper explores the role of blockchain in enhancing transparency across supply
chains by providing immutable, decentralized, and real-time data sharing among stakeholders. By
examining the technical foundations of blockchain and its implications for SCM, the study highlights how
blockchain ensures trust, auditability, and efficiency across complex multi-tiered supply networks. Case
studies of industry leaders like IKEA and Raven Protocol illustrate real-world applications, while an
analysis of blockchain's core features, decentralization, transparency, and immutability, demonstrates its
ability to reduce fraud, ensure data integrity, and improve decision-making. However, the integration of
blockchain is not without challenges, such as scalability, interoperability with legacy systems, and
regulatory ambiguity. Future trends indicate a shift toward hybrid systems integrating blockchain with
Al IoT, and RFID to build intelligent, resilient supply chains. The paper concludes with a call for a
paradigm shift in supply chain strategy, governance, and stakeholder engagement to fully realize
blockchain's potential.

Keywords: Blockchain, Supply Chain Management, Transparency, Decentralization, Immutability, Smart
Contracts, Traceability.

INTRODUCTION

Blockchain technology is thriving globally, particularly in supply chain management (SCM). The next
five to ten years are crucial for integrating and standardizing blockchain, requiring collaboration between
companies and governments for policymaking and education. SCM involves transforming raw materials
into products for consumers, with a complex network of actors and regulations influencing its
management. Effective SCM can enhance profitability and competitiveness, but also introduces risks like
rising raw material costs, transportation fees, penalties for delays, and potential reputational damage from
regulatory non-compliance. Conversely, successful SCM coordinates to mitigate risks and uncertainty,
leading to reduced costs and improved inventory and cycle times. As markets globalize, governments are
only now crafting coherent strategies for the digital economy, prompting concerns about regulatory
trameworks regarding e-commerce. The rapid development of new regulatory policies struggles to match
the growth of dynamic transaction environments. Thus, simplifying regulation is vital for the healthy
progress of e-commerce and international trade. The increasing dependence on the internet in global
supply chains also raises critical risks from unsanctioned malicious activities affecting supply efficiency

1,27.

S Understanding Supply Chain Management

This study focuses on how blockchain technology could enhance transparency. It emphasizes
"truthfulness," an inherent trait of blockchain, ensuring recorded exchanges accurately reflect actual asset
transactions. By adhering to strict recording procedures, falsehoods can be minimized. However, data
ingestion remains a challenge, leading to a focus on embedding honesty into truthful data. The research
examines blockchain's visibility and interactivity, with visibility related to information sharing and
interactivity involving participant engagement. Transparency is classified into per se, algorithmic, and
level-defined types to understand its potential in supply chains. Supply Chains as Systems of Systems are
outlined to examine the growing interest in transparency. A layered approach to transparency formation
is proposed, along with implementation strategies for various transparency types, methods, and
algorithms. Semi-transparent blockchains are suggested for the communication layer to enhance
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information sharing. Governance mechanisms on the governance layer are developed to discourage users
from deviating from established protocols. Techniques for refining transparency definitions are
introduced to address technical issues effectively. A framework for evaluating transparency performance
is designed for decision-making, and research gaps are identified, leading to a comprehensive
understanding of the conditions necessary for developing a new type of transparency [3, 4.
The Need for Transparency in Supply Chains
Regarding supply networks, blockchain presents several implications. Chipotle’s crisis stemmed from a
lack of transparency in its complex supply chains, notably highlighted by the E. coli outbreak that
severely damaged customer trust and sales. The management acknowledged its inability to monitor
suppliers in real time, suggesting that real-time oversight could have prevented the crisis. Similar
challenges are faced by companies relying on traditional multi-layered supply chains, where tracking
activities proves difficult. Currently, many startups and corporations are turning to blockchain to enhance
accountability and audit trails in their supply chains, driven by the benefits of transparency and
auditability. The cryptographic structure of blockchain allows for an immutable record of goods flow and
tamper-proof timestamps, creating reliable transaction records that all parties can trust. Once data is on
the blockchain, it cannot be altered, resulting in superior transparency for all involved. Moreover,
improved visibility throughout the supply chain facilitates the reporting of suspicious activities and
fosters trust among partners. However, it's crucial to define what data to share with each participant in
the network [5, 67.
How Blockchain Enhances Transparency
Blockchain is a key technology for managing records across various fields, functioning as a distributed
ledger with a chronological chain of encrypted blocks that represent transactions by participants. Its
notable application is in supply chain management, where collaborators at different levels work together
to deliver products, often facing visibility issues due to inconsistent access to accurate information. Trust
becomes crucial for accuracy, especially at higher tiers, where misinformation risks arise. Once added,
blockchain data blocks cannot be altered; any modification attempts are rejected unless validated by all
participants. This feature guarantees data authenticity and integrity. Each participant possesses a wallet
with a public key known to everyone and a private key only they know, used to create a hash function or
digital signature for data authentication. Data sent to the blockchain transforms into a hash sum linked to
an IP address, accompanied by a certificate defining its metadata. The sender transmits both the hash sum
and certificate to a central node managing the blockchain, which verifies and adds the new block. The
hash and certificate are then distributed to all wallet holders, who verify them against their blockchain
copies to ensure authenticity, rejecting any discrepancies [7, 87.
Key Features of Blockchain Relevant To Supply Chains
Blockchain consists of three key elements: decentralization, transparency, and immutability.
Decentralization implies that no single central authority controls the network. In the food supply chain,
participants act as nodes, making unilateral control improbable. This decentralized setup addresses
concerns about information inequality, where unscrupulous supply chain players exploit the lack of
consumer information. By using blockchain for communication, supply chains can enhance trust and
transparency, creating not just profitable but also fair systems that align with consumer ethics.
Blockchain operates as a distributed ledger, functioning like a shared database replicated across the
network, where nodes maintain identical copies. Powerful consensus algorithms validate updates and
prevent any party from wielding excessive power, securing data effectively. Vulnerable supply chain
actors can rely on blockchain's design to ensure local data remains intact, elevating data security far
beyond conventional centralized warehouses. Decentralization not only minimizes the risk of any one
entity dominating but also protects against supply chain breakdowns common in centralized databases,
where a single point of failure exists. Hacking requires control over the majority of nodes, and the larger
and more complex the network, the harder it becomes to perpetrate breaches. Civil attacks, a concept in
graph theory, discourage even powerful entities from attempting to disrupt large blockchain networks.
For the food supply chain, blockchain safeguards records, enabling individuals at the supply chain's edge
to trace their purchases, providing consumers vital transparency regarding their food [9, 107].
Case Studies of Blockchain in Supply Chain
Blockchain technology can transform the whole supply chain into a trustless and tamper-proof
environment where all transactions are immutable and verifiable in real-time. Smart contracts on the
blockchain can enforce and automate agreements. Decentralization of production nodes breaks the
monopoly of supply chain platforms and accounting firms. Many large corporations are currently
exploring how blockchain can optimize their supply chains; however, the tools and technology are not yet
fully mature, and often pilot tests fail. Valuable lessons can be learned from alternative blockchain
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experience cases. IKEA has experimented on the blockchain for supply chain use cases since 2020, and its
approach to executing supply chain use cases on the Ethereum public blockchain has given insights into
how to leverage an already mature tool. IKEEA’s use case innovates the concept of reverse bill of material
to give end customers visibility in recycled plastic content, gathering history data from the supplier side
and relying on anonymous attestations of intermediate production nodes. Their on-chain model allows all
to verify if specific parts in a product come from recycled plastic and if the total weight attested adds up to
the product weight, while avoiding disclosing sensitive industrial properties. Raven Protocol created a
novel marketplace concept for white-label solutions built on the Ethereum blockchain, allowing different
parties to bring their tools to the marketplace and monitor their performance. A marketplace DAO
ensures fair voting and fund management mechanisms. Raven Protocol's approach shows that building
awareness in a community, incentivizing early adopters, and promoting healthy competition have
advantages in attracting more end-users to the ecosystem [11, 127].
Challenges of Implementing Blockchain in Supply Chains
While supply chain transparency can help reduce challenges posed by globalization, concerns about
blockchain technology persist. Despite this, projected demand growth for blockchain remains steady. The
widespread adoption of blockchain relies on resolving scalability issues and its capability to handle legacy
systems' loads. Transitioning existing legacy systems to blockchain has yet to be addressed, with secure
use presenting significant challenges that may impact adoption rates. Blockchain technology promises to
improve transparency and auditability in supply chain transactions, yet companies” still need clarity on
how to adapt their systems and collaborate effectively. Among startups and large companies, there is
confidence that blockchain’s record-keeping will underpin future developments, with government
investments also being made. However, the industry's inherent secrecy suggests it may take years before
blockchain assumes a central role. Although still in its early stages, blockchain holds immense potential
for digitally transferring trust between entities. Its applications are virtually limitless, especially for
nations with poor service delivery and civil rights records, where it may transform not just supply chains
but also economic systems and governance [13, 14].
Future Trends in Blockchain and Supply Chain Transparency
The supply chain industry is entering a promising phase, facing increased oversight that demands
sustainability, ethical sourcing, and compliance with regulatory restrictions. Companies must now
transform their approach from risk mitigation to gaining a competitive advantage through supply chain
scrutiny. New technologies like radio frequency identification, the internet of things, artificial intelligence,
and blockchain enhance visibility, enabling an ongoing flow of valuable information. However, to harness
the potential of supply chain transparency, companies must rethink their expectations, strategies, and
integration of diverse technologies. There is a common misconception that automating technology will
seamlessly deliver information, but this overlooks the necessary infrastructure, decision-making
operations, and essential change management. A broader understanding of supply chain transparency is
vital, as improved visibility becomes crucial in today's complex environment. A paradigm shift is needed
to address future information overload, laying the groundwork for resilience in an increasingly volatile
landscape [15, 167].
Impact of Blockchain on Supply Chain Stakeholders
Blockchain technology will transform the strategic positioning of stakeholders in supply chains. Its
architectural and operational transparency will enhance action windows; suppliers will share more
sensitive manufacturing and logistics details with customers. Conversely, customers will gain insights
into the supply chain, pressuring suppliers to adopt socially responsible, environmentally sustainable, and
economically accountable practices. This study considers five main stakeholders: suppliers, manufacturers,
logistics providers, retailers, and consumers. Each must adjust its strategy to profit while leveraging
Blockchain. The technology will lead to adjustments impacting stakeholders positively and negatively,
termed "Blessing and a Curse." For instance, if customers gain guaranteed quality assurance, they might
take it for granted, diminishing the supplier's competitive edge. To analyze this effect, an MBSE process
formalizes dynamic business model changes. The analysis identifies primary stakeholders, key actions for
each, and assesses the Blessing and Curse effect. Stakeholders must adapt to a new operational
environment. The supply chain integrates Blockchain, ensuring comprehensive information sharing
alongside traditional methods, with parameters established to characterize each stakeholder and their
environmental context, such as market power [17, 187.
Blockchain Platforms for Supply Chain Management
Cryptocurrency began as an alternative currency, but blockchain technology has expanded far beyond
virtual coin trading, finding use in contracts, land leasing, voting, and supply-chain management. With
rising trade volumes and digitalization, its sales have surged, leading to diverse applications, particularly
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in Supply Chain Management. Although interest in practical uses has increased, theoretical exploration
has lagged. Critics argue that blockchain does not easily resolve issues such as trust problems in
collaboration, exemplified by Bitcoin's challenges. Questions arise regarding blockchain's capability for
transparency and trust, with implications for public welfare and health. Attention to blockchain invites
inquiries about successful use cases and the challenges that supply chains face in adopting this technology.
This text investigates these issues from a theoretical perspective, emphasizing the public aspects of
systems affected by value creation and the social dimension. Blockchain-based supply chain solutions are
categorized by systemic complexity, while an ecosystem model is introduced for system inception. A
conceptual model is developed for understanding the adoption of scalable blockchain systems, addressing
long-term trust concerns. The study explores the expectations and behaviors of participants, revealing
misunderstandings about blockchain and its effects. A modeled blockchain platform for supply chain
actors provides fundamental features with implementation options for academia and practitioners. Future
research will delve into the social analysis of these systems. Theoretical considerations involve
approaches for blockchain network design influenced by public and internal legitimacy, multi-body
adoption strategies, and enhancing value co-creation. Beyond supply chain management, blockchain
supports logistics with main software and contracts. Traceability is crucial in maintaining transaction
trust from commercial and regulatory viewpoints. It helps counter counterfeit products and food safety
issues, with its distributed, immutable ledger offering reliable transaction recording and contract
instantiation about provenance. However, privacy concerns surface when collecting transactional data in
public ledgers. Current industry consortium platforms face challenges in providing homogeneous features
necessary for effective business models and trust levels. No existing blockchain platforms fulfill the
demands for low-cost, rapid adoption, and comprehensive solutions addressing redundancy and privacy
costs [19, 207.

Security Implications of Blockchain in Supply Chains
The security and privacy of data among supply chain parties present logistical challenges. Various
security mechanisms, from consensus mechanisms to smart contract design, must be addressed. The
Ethereum blockchain is proposed as an effective platform for supply chain management, utilizing smart
contracts and decentralized applications. Challenges related to data availability in supply chains are
highlighted, along with recommendations for decentralized storage networks. Data privacy is crucial in
supply chain management (SCM) as parties seek to protect their information. Public-private key pairs in
blockchain facilitate real-time data access control, allowing smart contracts and data sharing to be
restricted based on private keys. The Transport Layer Security (TLS) protocol can be employed for
secure key management. Blockchain’s characteristics, security, resilience, decentralization, and
transparency allow the classification of cryptographic primitives into optional and primary categories.
Optional primitives enhance anonymity while primary primitives include cryptographic hashes and
standard Digital Signature algorithms to support public verifiability. In public blockchain networks, the
hash function guarantees data privacy, ensuring only digitally signed transactions are appended, critical
for automated SCM solutions. Several hash functions transform arbitrary-length strings into fixed-length
hashes. Additionally, data anonymization contributes to data security in smart contracts, but the public
nature of these blockchains limits their widespread adoption in supply chain operations. Ultimately, data
security relies on encryption and signatures [21, 227].

Economic Implications of Blockchain in Supply Chains
Supply chain transparency is crucial for identifying involved parties, fostering accountability, trust, and
legal certainty. Blockchain technology, with its distributed databases, offers a way to achieve this
transparency in complex global supply chains often reliant on third-party services. Despite significant
growth in blockchain and cryptocurrencies, questions arise about whether the promises of blockchain
have been fulfilled. Many high-profile projects have failed, resulting in substantial transaction costs for
businesses, which paradoxically invest heavily in technology while hesitating to adopt new blockchain-
driven business models. Although initial enthusiasm for exploring use cases like smart contracts has
increased, tangible operational results often remain elusive. This raises the question of why large
companies interested in innovative approaches struggle to find viable blockchain applications. The supply
chain sector is chosen for investigation due to its inherent challenges related to uncertainty and trust, and
because companies are typically hesitant to change pricing schemes without clear evidence of
technological advantage. Eight high-level hypotheses addressing impediments linked to the technology
itself, supply chain participants, and its compatibility with existing processes are formulated. These
hypotheses are then turned into a questionnaire to gather insights from consumers. A supplier of bakery
ingredients in northwest Germany is contacted for this research, which has previously tested blockchain
technology but encountered challenges in real-world applications [23, 247].
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Environmental Impact of Blockchain in Supply Chains
Global environmental sustainability and climate change demand rapid, large-scale transformations
towards low-carbon economies, with supply chains being a critical focus due to their significant
environmental impact and complexity. Designing sustainable supply chains is challenging because of
conflicting sustainability notions, unforeseen consequences, and multiple stakeholders. Digital
innovations can help manage these complexities, with blockchain technology standing out for its
potential. By combining blockchain with RFID tags, barcodes, sensors, and GPS tags, supply chains can
securely track product movements. Tracking information can be securely processed and uploaded to the
blockchain, enhancing sustainability tracking systems. For sustainability claims to be verifiable, proof
must be stored on the blockchain, ensuring public access and protection from disputes. Furthermore,
blockchain facilitates the integration of information systems among supply chain parties, allowing real-
time access to transparent information without fear. This enhances visibility for all members,
highlighting challenges and progress along the chain. However, implementing blockchain requires
necessary resources like I'T infrastructure. Transparency, alongside trust, is a central challenge in supply
chain management. The decentralized nature of blockchain enables all parties to access reliable, real-time
data regarding various supply chain aspects, addressing complexity and fragmentation. Upstream
visibility is crucial for managing environmental sustainability, as information typically flows to a selected
party while material flows are bi-directional. Traditional supply chains often present authentication
challenges for suppliers' sustainability claims due to opacity, fueling greenwashing. Increased demand for
green products can be achieved by enhancing supply chain transparency. Reliable information on a
product’s journey facilitates quick verification of sustainability claims and identification of any breaches,
significantly reducing research time on sustainability challenges and boosting demand for compliant
products and services [25, 267].

Comparative Analysis of Traditional Vs. Blockchain Supply Chains

This section compares traditional supply chains and blockchain-based supply chains, highlighting key
differences. Blockchain adoption in the supply chain involves theoretical considerations. Initially, the
differences might seem minor; in traditional supply chains, nodes can join or leave, while blockchain
allows similar actions under certain conditions. However, traditional chains can have thousands of nodes
executing numerous transactions, unlike blockchain, which does not detail every node or transaction. A
blockchain may not be fully operational due to potential limitations in capacity. Nodes must choose to
forget transactions or permit others to do so. This adaptability could lead to a gradual replication of
supply chain semantics despite changing nodes. The shift to new blockchains varies; changes can be
gradual without altering trust, or they can lead to significant disagreements affecting member trust
forever. Trusted intermediaries raise questions about decision-making; two strands might emerge: one
with intermediaries and one without, contradicting trustless transaction principles. Honest nodes could
choose to partition the chain instead of shrinking it, affecting their credibility. This depends on notary
settings: a proof of authority system could undermine credibility, while a proof of work system may not.
Validity differs from acceptance; it remains to be seen if self-governing nodes would ignore established
rules [27, 287].

Regulatory Framework for Blockchain in Supply Chains
Blockchain is a chain of blocks containing information, consisting of storage, hashing, and linking.
Storage holds the actual information; hashing provides a unique identification code, and linking denotes
the relationship among blocks, where each block (except the first) stores the hash of the previous one,
torming a chain. All blockchains are decentralized ledger technologies (DLT), but not all DLTs are
blockchains. They require decentralization and consensus among nodes to organize data in blocks,
updating entries in an append-only structure. A blockchain continuously grows as a list of records,
allowing only data addition, which cannot be altered or deleted. This structure resembles a traditional
ledger that maintains records in a format permitting only new entries. Consequently, blockchain
technology is effective for recording events, managing records, processing transactions, tracing assets,
and voting. Supply chains, often chaotic and lacking transparency, can benefit from blockchain
integration. For instance, the 2015 Chipotle E. Coli outbreak highlighted the challenges in tracking
suppliers in real time. Regulators found sourcing tainted drugs to be lengthy and costly due to insufficient
information on material paths. Companies with traditional supply chains confront similar traceability
issues, prompting startups and corporations to explore blockchain for recording permissions and logs. By
decentralizing responsibility to data, blockchain enhances transparency and auditability in supply chains.
These advantages significantly streamline information sharing, fostering improved accountability and
trust throughout the supply chain [29, 307.
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CONCLUSION
Blockchain technology presents a paradigm shift in how supply chains operate, offering enhanced
transparency, security, and trust among stakeholders. By leveraging its core principles of immutability,
decentralization, and consensus-driven validation blockchain enables accurate, tamper-proof tracking of
goods and transactions. Case studies from companies like IKEA demonstrate that practical
implementations, though nascent, are showing promising results in improving accountability and
consumer trust. However, the adoption of blockchain in supply chains faces significant hurdles, including
scalability concerns, integration with legacy systems, and the need for comprehensive governance and
data-sharing frameworks. For blockchain to reach its full potential, companies must move beyond pilot
programs, rethink their operational models, and embrace collaborative ecosystems. Additionally, a clearer
regulatory environment and greater technological maturity are required. The future of supply chain
transparency lies in the synergistic integration of blockchain with emerging technologies such as Al and
IoT, fostering intelligent, responsive, and ethical global supply networks. Ultimately, blockchain’s success
in supply chains will depend on how effectively stakeholders adapt to and align with its transformative
capabilities.
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