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Abstract. A supply chain encompasses a complex network involving multiple entities—such as
producers, manufacturers, distributors, retailers, and consumers—working together to transform raw
materials into finished goods and deliver them to end users. Traditionally, supply chain operations have
relied on centralized systems to manage critical data, including production details, inventory levels, and
shipping information. However, these centralized systems are vulnerable to various challenges,
including single points of failure, susceptibility to data tampering, and limited transparency, which can
undermine efficiency and trust among stakeholders. In response to these challenges, blockchain
technology emerges as a promising solution by offering a decentralized, immutable, and transparent
ledger system. This paper explores the application of blockchain in supply chain management with a
particular emphasis on the development and deployment of a decentralized application (DApp) on the
Ethereum blockchain. Using smart contracts written in Solidity, the DApp enables secure, automated,
and transparent tracking of products as they move through the supply chain—from manufacturers to end
consumers. These smart contracts help eliminate the need for intermediaries and reduce the risk of fraud
or misinformation, as all transactions are recorded in a tamper-proof ledger accessible to all authorized
participants. The system enhances real-time visibility and traceability, making it easier to verify the
authenticity and status of goods at each stage of the supply chain. Furthermore, the integration of
blockchain ensures that once data is entered into the system, it cannot be altered, thereby strengthening
data integrity and accountability. The results of the implementation indicate significant improvements
in transparency, operational trust, and stakeholder collaboration. By decentralizing data control and
enhancing the reliability of shared information, the blockchain-based solution addresses key pain points
in traditional supply chain models. Overall, the study demonstrates that incorporating blockchain
technology into supply chain management not only streamlines processes but also fosters greater trust
and efficiency among all parties involved.
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INTRODUCTION

In today's globalized and fast-paced economy, supply chains form the backbone of nearly every
industry—from manufacturing and retail to healthcare and agriculture. A supply chain refers to the intricate
system of organizations, people, activities, information, and resources involved in producing and delivering
a product or service from its origin to the final consumer. This network typically includes multiple entities
such as suppliers, manufacturers, distributors, logistics providers, retailers, and customers. The smooth
functioning of a supply chain depends heavily on efficient coordination and transparent communication
among all these stakeholders. However, traditional supply chain systems are often plagued by a range of
challenges including lack of visibility, data silos, counterfeiting, manual errors, and delays. These
inefficiencies not only impact operational performance but also erode trust between participants.

Historically, supply chain data has been managed using centralized systems, such as Enterprise
Resource Planning (ERP) software and traditional databases. While these systems have improved supply
chain management in many ways, they are still limited by the inherent risks associated with centralization.
For example, a single point of failure can cripple the entire system, whether due to technical malfunctions,
cyber-attacks, or data corruption. Centralized systems are also vulnerable to unauthorized modifications or
data tampering, which can compromise the integrity of crucial information. Moreover, because each
stakeholder typically maintains its own siloed records, reconciling data across the supply chain can be time-
consuming and error-prone. This lack of transparency makes it difficult to trace products, verify
authenticity, or quickly identify and resolve issues such as defective or contaminated goods.

In recent years, blockchain technology has emerged as a disruptive force with the potential to
transform how supply chains are managed. A blockchain is a decentralized and distributed digital ledger
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that records transactions across a network of computers in a way that ensures the data is immutable and
transparent. Once information is added to the blockchain, it cannot be altered or deleted without consensus
from the network participants. This immutability feature significantly reduces the risk of fraud and
tampering. Additionally, blockchain allows for real-time updates and verification of data, which enhances
transparency and traceability throughout the supply chain.

The decentralized nature of blockchain also eliminates the need for a central authority or
intermediary to validate transactions, thereby increasing efficiency and reducing costs. For supply chains,
this means that each stakeholder—whether it is a farmer, a factory, a shipping company, or a retailer—can
securely share information about the product’s journey from origin to destination. Customers, regulators,
and other interested parties can also access this information to verify the product’s history and authenticity.
This level of visibility and trust can be especially important in industries where quality and compliance are
critical, such as pharmaceuticals, food safety, luxury goods, and electronics.

One of the most promising platforms for building blockchain-based applications is Ethereum.
Ethereum is an open-source blockchain platform that allows developers to create and deploy smart
contracts—self-executing agreements with the terms directly written into code. These contracts
automatically enforce business rules and carry out transactions when certain conditions are met, without
the need for manual intervention or third-party enforcement. Smart contracts bring a new level of
automation, security, and accountability to supply chain operations. They can be programmed to handle
various tasks, such as tracking the movement of goods, triggering payments upon delivery, updating
inventory levels, and verifying compliance with regulatory standards.

This paper presents the development of a decentralized application (DApp) on the Ethereum
blockchain aimed at enhancing the transparency, security, and efficiency of supply chain management. The
proposed DApp uses smart contracts written in Solidity, Ethereum's native programming language, to
provide end-to-end visibility of products as they move through the supply chain. By using a decentralized
ledger, the application ensures that every transaction and update is securely recorded and easily accessible
to all authorized participants. The system is designed to address common issues such as information
asymmetry, counterfeiting, and manual record-keeping, which are prevalent in traditional supply chains.

The DApp facilitates secure interactions between supply chain entities, enabling manufacturers to
register products, distributors to update shipping information, retailers to verify goods, and consumers to
trace the origin of their purchases. Every interaction is logged on the blockchain, creating a tamper-proof
and auditable trail of the product’s journey. This not only improves operational transparency but also builds
trust among stakeholders by assuring them of the authenticity and quality of the product. Additionally, the
immutable nature of blockchain records can help with regulatory compliance and dispute resolution, as all
activities are verifiable and timestamped.

Another key advantage of using blockchain in supply chain management is the ability to create a
trusted and collaborative ecosystem. Traditional supply chains often suffer from a lack of collaboration due
to competitive interests and the reluctance to share sensitive data. Blockchain addresses this by providing a
shared infrastructure where data is transparent yet secure, and where smart contracts can automate and
enforce agreements impartially. This fosters a more cooperative environment and encourages innovation
through shared value creation.

However, integrating blockchain into existing supply chain systems is not without challenges.
Issues such as scalability, transaction costs, data privacy, and regulatory compliance need to be carefully
considered. Ethereum, for example, currently faces limitations in terms of transaction throughput and
energy consumption, though ongoing upgrades like Ethereum 2.0 aim to address these concerns.
Additionally, businesses must be willing to invest in new technologies and adapt their processes to fully
leverage the benefits of blockchain. Despite these hurdles, the potential rewards in terms of improved
traceability, reduced fraud, and enhanced stakeholder trust make blockchain a compelling choice for future
supply chain solutions.

In conclusion, this paper aims to demonstrate the practical application of blockchain technology
in supply chain management through the development of a decentralized application on Ethereum. By
leveraging the features of blockchain—such as immutability, decentralization, and smart contract
automation—the proposed solution addresses key pain points of traditional supply chains and lays the
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foundation for a more transparent, efficient, and trustworthy system. The remainder of the paper discusses
the design and implementation of the DApp, the smart contract structure, and the observed outcomes,
providing a comprehensive analysis of how blockchain can be effectively integrated into supply chain
models.

LITERATURE SURVEY

The integration of blockchain technology into supply chain management has garnered significant
attention due to its potential to enhance transparency, traceability, and efficiency. Several studies and
industry initiatives have explored various aspects of this integration, providing a foundation for the
development of decentralized applications (DApps) on platforms like Ethereum.

Blockchain in Supply Chain Management

Ramachandran et al. (2020) discuss the opportunities and design considerations for implementing
blockchain in supply chains. They highlight the technology's ability to provide a decentralized and
immutable ledger, which can address issues such as data integrity and fraud. The authors emphasize the
importance of designing blockchain solutions that align with the specific needs and constraints of supply
chain operations.

Similarly, Longo et al. (2019) conducted an experimental study on blockchain-enabled supply
chains. Their research demonstrates how blockchain can facilitate secure and transparent tracking of goods,
leading to improved trust among stakeholders and more efficient operations.

Privacy and Security Considerations

While blockchain offers enhanced transparency;, it also raises concerns regarding data privacy. Malik
et al. (2021) propose 'PrivChain," a framework that utilizes zero-knowledge proofs to preserve the
confidentiality of sensitive information in blockchain-based supply chains. This approach allows for the
verification of data authenticity without exposing proprietary details, thus balancing transparency with
privacy.

Shaikh et al. (2022) focus on the cybersecurity aspects of blockchain in supply chain management.
They discuss potential security threats and propose solutions to mitigate risks associated with smart
contracts and data integrity. Their work underscores the need for robust security measures to protect against
attacks and ensure the reliability of blockchain systems in supply chains.

Governance Models in Blockchain-Based Supply Chains

Cao et al. (2021) explore the integration of on-chain and off-chain governance mechanisms to
enhance transparency and integrity in supply chains. They present a framework that coordinates
stakeholders through both blockchain-based and traditional governance processes, ensuring comprehensive
oversight and accountability.

Anti-Counterfeiting Applications

Yiu (2021) addresses the challenge of counterfeiting in supply chains by proposing a decentralized
anti-counterfeiting system (dNAS) using blockchain technology. This system leverages smart contracts and
distributed ledger technology to authenticate products and track their provenance, thereby reducing the
incidence of counterfeit goods.

Industry Initiatives and Applications

Beyond academic research, several industry initiatives have demonstrated the practical applications
of blockchain in supply chains. For instance, OpenSC, a platform developed by WWF Australia and BCG
Digital Ventures, enables consumers to trace the journey of products through the supply chain by scanning
QR codes. This initiative highlights the growing demand for transparency and ethical sourcing in consumer
goods.

VeChain, a blockchain platform, has partnered with various organizations to enhance supply chain
processes. By integrating Internet of Things (1oT) devices with blockchain, VVeChain enables real-time
tracking and verification of goods, improving efficiency and reducing fraud.

PROPOSED SYSTEM
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The proposed system presents a blockchain-based solution for enhancing transparency, traceability,
and trust within supply chain networks. Built as a Decentralized Application (DApp) on the Ethereum
blockchain, the system leverages smart contracts written in Solidity to securely record and manage supply
chain transactions. This section outlines the architecture, components, functionalities, and operational
workflow of the proposed system, demonstrating how it addresses key limitations of traditional supply
chain management systems.

1. Objectives and Rationale
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The primary objective of the proposed system is to create an immutable, decentralized platform
where all supply chain stakeholders—manufacturers, distributors, retailers, and consumers—can
transparently and securely interact. The system is designed to:

Eliminate reliance on centralized authorities
Prevent data tampering and fraud

Improve product traceability

Enhance accountability and trust

Automate transactions through smart contracts

Traditional systems are often opaque, with siloed data that increases the risk of errors, manipulation,
and inefficiencies. By migrating key processes to the Ethereum blockchain, the system ensures that
all supply chain activities are verifiable, timestamped, and accessible to authorized participants.

. System Architecture

The architecture of the proposed system comprises the following layers:

Blockchain Layer: This is the Ethereum mainnet or a private Ethereum network, depending on the
deployment environment. It provides the immutable, decentralized ledger for recording all
transactions.

Smart Contract Layer: Smart contracts written in Solidity handle the logic for supply chain
operations—product creation, transfer, ownership change, and verification.

Application Layer (DApp): This is the user interface (Ul) that interacts with the blockchain via
Web3.js. It allows different users to perform specific functions such as registering products,
updating shipment status, and verifying authenticity.

Data Storage: While critical transaction data is stored on-chain, auxiliary data (e.g., product
images, documents) can be stored off-chain using IPFS (InterPlanetary File System), with the hash
stored on the blockchain for reference.

. Key Components

The system consists of the following key components:

Participants (Entities):

Manufacturers: Create new product entries and initiate their journey on the blockchain.
Distributors: Record transportation and storage information.

Retailers: Confirm receipt of goods and prepare them for sale.

Consumers: Scan QR codes or access product IDs to verify authenticity and origin.

Smart Contracts:

Product Contract: Manages product registration, unique identifiers (e.g., SKU, batch number), and
ownership changes.

Tracking Contract: Records logistics data such as shipment dates, locations, and handovers.
Verification Contract: Allows consumers to validate the product’s history and origin using its
blockchain record.

User Interface (DApp):
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A web-based front-end built using frameworks like React.js, integrated with Ethereum wallets (e.g.,
MetaMask) for transaction signing.
Role-based access control for different types of users.

. Operational Workflow

The system operates through a series of steps that ensure secure and traceable movement of goods
across the supply chain:

Step 1: Product Registration

Manufacturers initiate the process by entering product details (name, description, batch number,
production date) into the DApp.

A unique product ID is generated.

A smart contract records the product on the blockchain, associating it with the manufacturer’s public
Ethereum address.

Step 2: Transfer to Distributors

Once manufactured, the product is shipped to a distributor.

The manufacturer updates the smart contract, transferring product ownership to the distributor.
The transfer event is logged on-chain, along with timestamps and location data.

Step 3: Distributor Processing

Distributors receive and store the product.

Any quality checks, storage conditions, or logistical movements are recorded via the tracking smart
contract.

All records are immutable and auditable, ensuring transparency.

Step 4: Delivery to Retailers

Products are moved to retailers, and ownership is again updated on the blockchain.
Retailers can view the full chain of custody to ensure authenticity.

Step 5: Consumer Verification
At the point of purchase, consumers can scan a QR code linked to the product’s unique ID.

The DApp retrieves the complete supply chain history using smart contract data.
Consumers can verify the manufacturer, intermediaries, and transportation details—enhancing trust.

. Features and Functionalities

Immutable Record Keeping: Every transaction is time-stamped and cannot be altered or deleted,
ensuring data integrity.

Real-Time Updates: Stakeholders can update product status in real-time, improving responsiveness
and visibility.

Decentralized Access: All participants interact with a common ledger, eliminating the need for
reconciliation between disparate systems.

Audit Trail: The full product lifecycle is transparent and auditable, simplifying compliance with
regulations.

Security: Ethereum’s cryptographic mechanisms protect against unauthorized access and
fraudulent updates.

Scalability: Although public blockchains like Ethereum have performance limitations, the system
can be deployed on sidechains or Layer 2 networks (e.g., Polygon) for scalability.
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6. Implementation Tools and Technologies

e Ethereum Blockchain: Provides the decentralized infrastructure for recording supply chain
transactions.

Solidity: Used to write smart contracts.

Web3.js: A JavaScript library to interact with the Ethereum blockchain from the front-end.

IPFS: Used to store larger, non-transactional data (e.g., certificates, images).

MetaMask: Enables users to interact with the DApp using their digital wallets.

React.js: Front-end framework for building a responsive user interface.

RESULTS AND DISCUSSION

To evaluate the effectiveness of the proposed blockchain-based supply chain management system, a
prototype DApp was developed and deployed on the Ethereum test network (Rinkeby). The results of the
implementation were analyzed based on key performance metrics including system functionality,
transparency, data integrity, user interaction, and transaction efficiency. The outcomes highlight the
advantages and limitations of using blockchain for supply chain processes and demonstrate the system’s
potential to improve operational trust and traceability.

System Functionality and Validation

The decentralized application (DApp) successfully implemented the core functionalities required for end-
to-end supply chain tracking. These included product registration by manufacturers, ownership transfer to
distributors and retailers, shipment logging, and verification by consumers. Smart contracts ensured that
each transaction was properly validated, timestamped, and recorded immutably on the blockchain. The
execution of these operations confirmed the reliability and security of smart contracts in replacing
traditional manual and error-prone recordkeeping methods.

During testing, products were registered with unique identifiers and metadata such as batch numbers and
production dates. These were then transferred across supply chain entities, with each stage updated on the
blockchain through function calls in Solidity smart contracts. The DApp's front-end interface, developed
using React and integrated with MetaMask, allowed users to interact with the blockchain seamlessly. Role-
based access ensured that participants could only perform authorized actions, enhancing the system's
security and operational correctness.

Transparency and Traceability

One of the most notable outcomes of the implementation was the significant improvement in supply chain
transparency and traceability. Since each transaction and event was permanently recorded on the Ethereum
blockchain, it was possible to retrieve a complete, chronological record of a product’s journey—from its
origin at the manufacturer to the final sale to the consumer. This audit trail enabled real-time product
tracking and verification without relying on any central authority or third party.

Consumers, in particular, benefited from the traceability feature. By scanning a product’s QR code or
entering its blockchain ID, users could verify its entire lifecycle. This empowered consumers to make more
informed decisions, particularly in industries such as food, pharmaceuticals, and luxury goods where
authenticity and origin matter. The ability to verify source and handling details through a decentralized
ledger increased consumer trust and satisfaction.

Data Integrity and Security

Blockchain’s immutability was a key advantage for ensuring data integrity. Unlike traditional systems
where data can be tampered with or lost, the proposed DApp guaranteed that once a transaction was
confirmed on the blockchain, it could not be altered or deleted. This enhanced data reliability and reduced
the risk of fraud. Unauthorized attempts to modify smart contracts or interact with restricted functions were
automatically rejected by the system, reinforcing security through decentralized consensus and code-based
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enforcement.

The system also recorded hash values of additional product-related files (e.g., images, certifications) stored
off-chain on IPFS. By comparing hash values, the integrity of these files could be verified, ensuring that
the supporting documentation had not been altered post-upload.

Performance and Transaction Efficiency

One limitation observed during testing was related to transaction speed and cost on the Ethereum network.
Due to network congestion and fluctuating gas fees, some operations experienced delays or required higher
transaction fees. For example, during peak traffic on the Rinkeby testnet, certain transactions took over 30
seconds to confirm. While acceptable in a prototype environment, this could pose scalability challenges in
a high-volume commercial supply chain.

To address this, future versions of the system could migrate to Layer 2 solutions such as Polygon or
Optimism, which offer lower fees and faster transaction processing. Alternatively, private Ethereum
networks or consortium blockchains could be used for enterprise-level deployments to better control costs
and performance.

User Experience and Adoption Potential

The DApp was tested with different user roles to evaluate usability and experience. Most users found the
interface intuitive, with clear workflows for each supply chain role. Integration with MetaMask for wallet-
based authentication and transaction signing provided a secure and decentralized method for user
verification. However, the requirement to use blockchain wallets may present a barrier for non-technical
users or those unfamiliar with Web3 technologies.

Despite this, user feedback highlighted the value of transparent product history and the confidence gained
from being able to independently verify information. For broader adoption, educational initiatives and
simplified onboarding processes will be essential to help traditional supply chain stakeholders transition to
decentralized systems.

Comparative Advantages and Real-World Applicability

Compared to centralized ERP systems or traditional supply chain databases, the proposed system offered
substantial improvements in terms of transparency, accountability, and trust. The decentralized nature of
the platform removed single points of failure and reduced dependence on intermediaries. Furthermore,
blockchain-based supply chain records could be used to satisfy compliance requirements and support
regulatory audits more efficiently.

Real-world application areas that could immediately benefit from such a system include agri-food supply
chains, pharmaceuticals, high-value electronics, and ethical sourcing of materials. In all these sectors, the
ability to prove origin, prevent counterfeiting, and enforce quality standards is critical—and blockchain
provides a robust foundation for achieving these goals.

In summary, the results of the implementation confirm that a blockchain-based DApp on Ethereum can
effectively address key challenges in traditional supply chain systems. By ensuring transparency, data
integrity, and automated trust, the system strengthens stakeholder collaboration and consumer confidence.
However, challenges related to scalability, transaction costs, and user onboarding must be addressed to
make the solution viable for large-scale, real-world deployment.
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CONCLUSION

In conclusion, the development and implementation of a blockchain-based decentralized application
(DApp) on the Ethereum platform for supply chain management has demonstrated significant potential to
address many of the inefficiencies and challenges inherent in traditional supply chain systems. By utilizing
smart contracts written in Solidity, the system effectively ensures transparency, traceability, and data
integrity across all stages of the supply chain—from product creation by manufacturers to the final
verification by consumers. The immutable nature of blockchain records eliminates the risks associated with
data tampering, centralized failure points, and lack of trust among stakeholders. Each transaction within the
supply chain is securely recorded and time-stamped on the Ethereum blockchain, allowing for real-time
tracking and verifiable product histories that consumers and regulators can independently audit. The
integration of features such as role-based access, QR code verification, and off-chain storage via IPFS
further strengthens the system’s reliability and scalability. Although the prototype revealed some limitations
related to Ethereum’s network congestion and gas fees, these issues can be mitigated through the adoption
of Layer 2 scaling solutions or private blockchain deployments tailored for enterprise environments. The
user interface, integrated with Web3 wallets like MetaMask, offers a decentralized and secure means for
user authentication, though broader adoption may require enhanced user education and more intuitive
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onboarding experiences. The system's core strengths lie in its ability to foster trust and collaboration among
all participants by ensuring that no single entity controls or manipulates the data. This has significant
implications for industries where authenticity, quality assurance, and regulatory compliance are paramount,
such as agriculture, pharmaceuticals, luxury goods, and electronics. The solution presented not only
improves operational efficiency but also supports ethical sourcing and anti-counterfeiting measures.
Ultimately, this research confirms that blockchain technology, when thoughtfully designed and applied
through a DApp framework, can revolutionize supply chain management by providing a secure, transparent,
and decentralized infrastructure. Future enhancements such as loT integration for automated updates,
advanced analytics for performance monitoring, and cross-chain interoperability can further extend the
capabilities of the system. Therefore, while challenges remain, the proposed approach lays a solid
foundation for transforming traditional supply chains into more trustworthy, resilient, and efficient
ecosystems in the digital age.
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