International Journal of Research Publication and Reviews, Vol (6), Issue (5), May (2025) Page — 7582-7592

International Journal of Research Publication and Reviews

Journal homepage: www.ijrpr.com ISSN 2582-7421

WWW.IJRPR.COM

Blockchain Beyond Cryptocurrencies: Transforming Supply Chain
Management

ISUSHANT NATANI , 2 Dr.VISHAL SHRIVASTAYV, °Dr. AKHIL PANDEY, *SANGEETA
SHARMA

1234 Artificial Intelligence & Data Science Arya College of Engineering & 1.T. India, Jaipur

ABSTRACT:

Blockchain technology revolutionizes the concept of supply chain management in addressing major concerns of non-transparency, lack of efficiency, and
traceability. Traditionally considered with respect to cryptocurrencies, the decentralized, immutable ledger assures security and transparency in tracing goods,
transactions, and interaction between parties involved within a complex global logistics network. The paper looks at how blockchain is changing everything
related to trust, reduced fraud cases, and greater efficiency in operations of these global networks.

This study discusses the key features, including decentralization, immutability, transparency, and smart contracts, in relation to supply chain processes.
Innovations like Layer 2 rollups, sharding, and hybrid blockchain models address challenges with regard to scalability, transaction throughput, and adoption.
Integrating microservices with blockchain, modular architectures enable fault isolation and scalability. In actual applications, such as the tracking of automotive
parts between BMW and VeChain; food traceability involving Walmart and IBM; and the sustainable supply chain project between Provenance and IBM,
blockchain has proven potential in streamlining operations, enhancing accountability, and ensuring ethical sourcing.

This paper introduces a blockchain-based solution with 10T integration and smart contracts that will realize real-time updates, automated compliance, and quick
issue resolution. Blockchain is setting the ground for a new era of efficient and accountable supply chain management by establishing transparency, trust, and
data immutability. The study underscores blockchain's role as more than a cryptocurrency; it's the way forward to further research and industrial adoption.

Index Terms- Blockchain, supply chain management, transparency, decentralization, immutability, smart contracts, scalability, 10T integration,
microservices, hybrid blockchain models.

1 INTRODUCTION

Emerging in cryptocurrencies initially, blockchain technology is going to change many fields - it's a kind of decentralized, distributed ledger technique
that guarantees data integrity and transparency, and makes systems secure. It helps erase the necessity of having to rely on intermediaries or middlemen
because the blockchains offer a completely trustless environment where consensus mechanism validates transactions. These features have paved the
way for its integration into diverse domains such as finance, healthcare, and supply chain management, making it a cornerstone for future digital
ecosystems.

1.1 The Current Landscape of Supply Chain Management

Modern supply chains are gigantic complicated networks consisting of the numerous manufacturers, suppliers, logistics companies, and customers. Due
to complexity, such systems usually suffer problems related to fraud susceptibility, inefficiency, as well as lack of clear transparency. Traditional
approaches rely on manual procedures along with centralized databases, that also cause delays, data silos, and manipulation in operations. With the
globalization of supply chains, it is getting tough to ensure that sourcing is moral, traceable, and compliant with regulations.

For giving unified, penetration-proof access to all those who are authorized, this is the best option - blockchain. This decentralized model ensures
visibility at real time during every stage of the supply chain, so accountability and confidence are induced among stakeholders. More procedures such
as verification of an order and settlement of payment could be automated using smart contracts or self-executing contracts encoded on blockchain,
hence cutting down on the operating expense and delay.

1.2 The Problem Statement

Inefficiency remains a major problem despite the advancements in supply chain management technologies. Increased fraud, delayed problem solving,
and operational inefficiencies are all consequences of end-to-end visibility. Consumer safety is seriously threatened by counterfeiting, for instance, and
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businesses like luxury goods and pharmaceuticals suffer enormous financial losses as a result. Separated data and manual procedures also often hinder
real-time decision-making, which exacerbates inefficiencies.

An further noteworthy issue is the growing need for sustainability and ethical sourcing. More information about product origins and supply chain
environmental effects is being demanded by consumers. Nevertheless, the existing approaches do not yield the verified data needed to address these
issues.

1.3 Research Question

This paper addresses the following general question:

What are the implications for international trade, and in what ways might blockchain technology help supply chain management to solve issues of
efficiency, transparency, and traceability?

This paper surveys the basic characteristics of blockchain, its integration with other technologies like the Internet of Things, and its actual application
across various industries so as to come up with a solution to the question. Further, it examines the problem of scalability in blockchain technology and
proposes possible solutions that may work, such as Layer 2 protocols or hybrid models of blockchain.

1.4 Significance of the Study

The importance of this research is that it is likely to contribute to the academic and practical world of discourse. Analyzing the capabilities of
blockchain in supply chain management will give insights into how businesses can use the technology to obtain competitive advantages. Key benefits

include:

Enhanced Transparency and Trust: Blockchain's immutable ledger will allow stakeholders to trace products from origin to destination, reducing fraud
and building consumer confidence.

Improved Operational Efficiency: The automation through smart contracts smoothens processes such as payment and inventory management by
involving humans less, which, in turn, minimizes error occurrence.

Sustainability and Ethical Sourcing: The use of blockchain helps the company verify authenticity and sustainability in raw materials to match
increasing consumer and regulatory pressures.

Cost Reduction: Elimination of middlemen and reducing delay saves costs overall for companies with operations on the blockchain.

Moreover, this research project highlights blockchain's integration with complementary technologies such as 10T, providing real-time data on the
conditions and locations of the products. Together, they create a robust framework in addressing the most critical problems in supply chain
management.

15 Blockchain’s Role in Supply Chain Management

In recent years, blockchain has emerged as perhaps the most transformative tool to be applied in supply chains. While traditional systems may not have
the ability to write every transaction-related shipping or warehousing or even payment into a tamper-proof ledger, blockchain offers this very ability

that is an answer to the inherent issues of trust and accountability absent in conventional systems. For instance:

Traceability: Products trace the blockchain in every chain that they go. Of course, especially critical in the food and drugs fields, it ensures traceability
and product origin before proceeding to sell.

Transparency: With blockchain technology, all participants are abreast of real-time information without information asymmetry issues thereby
enhancing cooperation.

Fraud Prevention: No one can change data as blockchain is immutable; hence, records are always accurate and reliable, which is significant in fighting
counterfeiting and unauthorized changes.

Efficiency through Automation: Smart contracts automatically execute core processes, including the issuance of payments at delivery time or checking
adherence to regulatory standards, thus saving time and errors in human intervention.

1.6 Integration with Emerging Technologies

Its potential is even further amplified with the integration of other technologies such as 10T, Al, and cloud computing. For example,
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loT Integration: Embedded sensors in products can feed real-time data, like temperature or location, into the blockchain to enhance traceability and
quality control.

Al Analytics: Al may analyze blockchain data to determine patterns and optimize routes while predicting demand, which enhances efficiency even
more.

Hybrid Cloud Systems: Scalability-Cloud computing ensures scalability since it provides the infrastructure for massive volumes of blockchain data to
be computed.

1.7 Challenges and Future Prospects

Although blockchain comes with many benefits, its adaptation in supply chain management comes with its own challenges. One of the main setbacks is
scalability because public blockchains like Ethereum are inefficient in processing large volumes of transactions. Moreover, adapting blockchain
technology into existing supply chain systems requires a lot of investment and expertise.

However, the latest advance in Layer 2 solutions, sharding, and the hybrid blockchain model is anticipated to address these limitations. Business and
governments continue realizing the potential of blockchain, hence its adoption into the arena of supply chain management shall increase and pave the
way for more transparent, efficient, and accountable global trade networks.

2 LITERATURE RWVIEW
2.1 Blockchain in Supply Chains: A Review of Existing Research

Studies conducted both at the academic and business level have focused on blockchain usage in supply chains. Multiple studies indicate that blockchain
is capable of fully revolutionizing supply chain operations, because it enhances the operational effectiveness, traceability, and transparency of a supply
chain process. This chapter discusses existing research on the benefits and challenges of blockchain adoption into supply chains, including design
features.

2.2 Benefits of Blockchain in Supply Chain Management

. The repeated theme in the literature regarding blockchain is that it is capable of providing a single source of truth for all stakeholders. For
example, studies such as Wamba et al. (2020) indicate that blockchain's transparent ledger minimizes information asymmetry and allows
better collaboration with higher levels of trust between participants. Real-time data sharing allows stakeholders to track goods and validate
transactions, which eliminate disputes and ensure accountability.

. In his Traceability Research by Ramachandran et al. (2021), blockchain can be seen as capable of providing end-to-end product traceability.
Thus, for instance, while in the food supply chain, blockchain ensures rapid source of contamination and reduces the time taken by recalls to
a great extent, this is very vital in pharmaceutical industries where risks to consumer safety are severely due to counterfeiting.

. Efficiency by Automation Smart contracts, according to Longo et al. (2022), automate complicated supply chain processes, for example,
order verification, settlement of payments, and compliance with regulations. Minimization of human intervention reduces errors, costs, and
speedens operations.

. Sustainability and Ethical Sourcing Blockchain has extensively been discussed in works, such as those of Deloitte (2017), to promote
sustainability. It helps companies ensure ethical sourcing by allowing the verification of raw material origins and by meeting consumer
demands for transparency in environmental and social practices.

2.3 Challenges of Blockchain Adoption

. Scalability Issues one of the critical concerns regarding scalability in blockchain networks is that public blockchains, such as Ethereum, are
often characterized by low transaction throughput, according to researchers like Dorri et al. (2021). Layer 2 solutions like rollups and
sidechains are being developed, but their implementation in complex supply chains remains a challenge.

. Integration with Legacy Systems Studies by Nicoletti et al. (2022) point out the integration challenges of blockchain into existing supply
chain infrastructure. It requires a lot of investments in technology and training, as well as overcoming resistance from stakeholders who are
accustomed to traditional systems.
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. Security and Privacy of Data Blockchain guarantees data integrity, however data privacy issues still exist. According to research, the sharing
of private company data on a public ledger may discourage some businesses from implementing blockchain. By merging public and private
blockchains, hybrid blockchain models are suggested as a way to strike a compromise between confidentiality and openness.

. Cost and Energy Consumption The high computational costs and high energy requirements of blockchain networks are cited as a big barrier
to adoption. Several studies by Kanhere et al. (2021) discuss how emerging consensus mechanisms, such as Proof of Stake (PoS), can
reduce energy consumption by comparison with traditional Proof of Work (PoW) systems.

2.4 Design Considerations for Blockchain-Based Supply Chains

. Scalability Solutions: To address scalability, researchers propose various strategies, including sharding and Layer 2 solutions. Sharding
divides the blockchain into smaller, parallel processes, increasing transaction throughput. Layer 2 solutions, such as the Lightning Network,
allow off-chain transactions that are later settled on the main chain, enhancing efficiency.

. Interoperability: Interoperability of different blockchain systems is key to multi-stakeholder supply chains. Studies note that interoperability
protocols must be developed, like Quilt from Hyperledger, to allow for seamless information exchange between various blockchain
networks.

. Hybrid Models: The hybrid model combining public and private blockchains ensures that organizations can maintain transparency while
keeping the sensitive data safe. Studies by Wamba et al. (2020) advocate for hybrid models as a practical solution for balancing scalability,
security, and control in supply chain applications.

25 Practical Applications of Blockchain in Supply Chains

e  Food Traceability Food traceability is one of the first examples of how blockchain will impact food safety. Wal-Mart has teamed up with
IBM's Food Trust blockchain system, which helps in making traceability possible within days instead of taking weeks in seconds.

e  Automotive Supply Chains BMW's usage of blockchain to authenticate automobile parts shows its application in ensuring quality and
preventing counterfeit. Studies highlight how it improves consumer trust and reduces warranty costs.

. Sustained supply chain: The blockchain initiative under Provenance enables corporations to share information about product environmental
impacts with their consumers. Such innovations have, through research, taken the forefront in meeting these sustainability requirements.

. Supply Chain Financing Blockchain-based platforms, like TradelX and Marco Polo, automate the process of trade financing using smart
contracts, thus eradicating fraud and reducing the time taken to settle payments, as noted in studies by Longo et al. (2022).

. The most important issue in healthcare concerns the authenticity of drugs. Fosso Wamba et al. (2020) describe blockchain-based techniques
that can track and verify pharmaceutical products from manufacturer to consumer.

3 KEY FEATURES

Blockchain technology introduces fundamental features that redefine traditional systems with transformative solutions across industries. Among these,
decentralization, immutability, transparency, and smart contracts form the core elements. Every one of these features provides a solution to some
crucial challenges, especially in the management of supply chains by creating more efficient, secure, and reliable systems.

3.1 Decentralization

Decentralization removes central authorities so that data can be dispersed on a network of nodes, which ensures the redundancy and resilience through
each node's keeping a copy of the blockchain ledger. In this respect, it is a decentralized model, and so it prevents any single points of failure and
improves the security and reliability. In supply chain management, decentralization resolves the issue of data silos inherent in centralized systems.
Traditional supply chains often depend on isolated databases managed by different stakeholders, resulting in inefficiencies and lack of visibility.
Blockchain\u2019s decentralized architecture ensures that all participants\u2014from manufacturers to consumers\u2014access the same verifiable
data, fostering collaboration and transparency.

Decentralization, for instance, makes it possible for participants in an international supply chain to confirm the legitimacy of products independently of
middlemen. This lowers operating expenses and increases participant trust.

3.2 Immutability

Immutability is sure in that once placed on the blockchain, once there is a record, the data cannot be further amended or deleted. These are ensured
through cryptography hashing that makes sure only each block is connected to the previous and so that if there have been alterations, it would just
nullify the whole chain and even point out as tampered. In supply chains, immutability is the most critical attribute to prevent fraud and guarantee data
integrity. Counterfeiting and unauthorized modifications are severe issues in pharmaceuticals and luxury goods. Blockchain\\u2019s immutable ledger
offers a transparent record of product origins, movements, and transactions, which enable stakeholders to detect anomalies and prevent fraud.
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For instance, pharmaceutical companies can use blockchain to authenticate drugs all along the supply chain so that there is safety in the dispensation of
drugs and avoid counterfeit drugs.

3.3 Transparency

Through it being transparent, it avails to all the authorized parties within the blockchain network all the same set of records in real time. In such way, it
removes information asymmetry where some parties happen to have more data compared to others. Thus it brings about accountability, reducing
disputes and allowing informed decisions. In supply chains, the transparency solves the ethical sourcing issues and regulatory compliances. For
example, today's customer wants more about the origin of the product as well as its environmental impact. Blockchain can provide verifiable data over
these areas hence serving to allow companies to claim commitment towards sustainability and best practices in ethics.

An example is Walmart\u2019s collaboration with IBM\u2019s Food Trust platform. This blockchain-based system enables Walmart to trace the origin
of food items within seconds, enhancing food safety and minimizing the impact of contamination incidents.

3.4 Smart Contracts

Smart contracts are the ones stored on the blockchain and are self-executing. They enforce the terms of an agreement automatically if certain
predetermined criteria are met, hence, doing away with the need for middlemen and human error.

Most of the supply chain operations are automated in the smart contracts, including the verification of orders, payment settlements, and compliance
checks. For instance, in case the smart contract is confirmed about the delivery of products, then it automatically hands over the payment to the
supplier. This increases the level of trust between participants, decreases delays, and decreases the operating costs.

The advantage lies in the fact that smart contracts ensure regulatory standards compliance. They encode requirements to comply, so that non-compliant
products do not pass through the supply chain.

The practical application of the use of smart contracts is an example in trade finance platforms like Marco Polo, for they automate the processes
regarding documentation and payment. These are the things that are reduced in terms of transaction time and cost.

3.5  Addressing Supply Chain Challenges
Al of these blockchain features help to overcome the challenges of the supply chain as follows:

Transparency: In transparency, all the participants can have real-time data which is accurate and which may reduce disputes and generate more trust.
Fraud and Counterfeiting: A tamper-proof record makes sure that counterfeit goods will not be introduced in the supply chain.

Operational Inefficiencies: Smart contracts ensure manual process automation, thus eliminating delay and error.

Data Silos: The decentralized feature allows for free-flow data sharing between all parties in the supply chain.

Ethical Sourcing: Blockchain\u2019s transparency lets companies check the sustainability and ethical origin of products to meet consumer expectation.

By all these features, blockchain technology is changing the way supply chain management is carried out into more secure, efficient, and transparent
systems. It addresses both inefficiencies that exist in practice and opens avenues for new innovative applications, thus creating possibilities for
businesses to do well in an increasingly competitive global market.

4 SCALABILITY & MICROSERVICES

Though it has so far shown to be really promising in numerous industries, scalability is the biggest drawback of blockchain technology. Incorporation
of the same within complex systems, such as supply chain management, can rely on high transaction volumes efficiently. In addition, preservation of
security and decentralization compounds the issue of scalability. Such novel approaches, such as Layer 2 protocols, sharding, and hybrid blockchain
models, have been designed to deal with the said issues. Besides, adding a microservice architecture further increases the scalability and modularity of
blockchain and enhances its ability to respond to varying conditions of supply chain.

4.1 Scalability Challenges

Public blockchains, such as Bitcoin and Ethereum, have limitations with the ability to process thousands of transactions every second. Bitcoin for
example performs around 7 TPS, and Ethereum processes up to 30 TPS. However, such networks are only comparable with thousands of a TPS like
central systems like that of Visa. There is a basic limitation with all such protocols derived from consensus mechanisms like those with the
implementation of a Proof of Work mechanism:.

Sequential Processing: Transactions are processed sequentially, creating bottlenecks during high demand.

Network Decentralization: All nodes must keep a current copy of the ledger. Performance slows down as the network grows.
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4.2 Solutions to Scalability Challenges

4.2.1  Layer 2 Solutions:
. Layer 2 protocols operate in a place above the top of the main blockchain that offload transaction processing while still providing finality on
a main chain.
e  Examples: Lightning Network (Bitcoin): They enable micropayments by creating, between the participants, some offchain channels, but
reducing this load on main network.
. Rollups (Ethereum). Combines many transactions together in a single batch before registering them on the base chain, thereby increasing
throughput.

42.2  Sharding:
. Sharding allows the blockchain to be divided into smaller, more manageable sections, or shards, each of which may execute transactions on
its own. Because of this parallelization, the network's capacity is greatly increased. With sharding, Ethereum 2.0 is seeking to process
hundreds of TPS in order to improve scalability.

423  Hybrid Blockchain Models:
e  Hybrid solutions merge the benefits of both private and public blockchains. While the former gives more efficiency and control, the latter
provides more transparency and decentralization.
e  Example: Hyperledger Fabric allows organizations to be on a shared public network and yet have private ledgers.
e  VeChain: In supply chain applications, the combination of private control and public transparency.

4.3  Role of Microservices in Blockchain Scalability

Blockchain is improved with a microservices architecture that lends application design flexibility and scaling. In contrast, Monolithic architectures have
closely bound all functions of the software application. Microservices divide larger applications into smaller independent, standalone components that
exchange communication via APIs.

4.4 Benefits of Micro-services

. Modularity and Flexibility:
Every microservice manages a specific function (such as collecting payments or keeping track of inventory). Changes in one
service would not impact others; instead, it would make easy development and easier updates.

. Independent Scaling:
Depending on the requirement, these microservices can be scaled, for instance, when peak seasons happen, the order management service
can handle the increased workload without impacting other services

. Fault Isolation:
Failures in one service are contained, preventing system-wide disruptions. This is particularly important in supply chains, where delays in
one function can cascade into broader inefficiencies.

. Improved Collaboration:
Different stakeholders (e.g., suppliers, manufacturers, logistics providers) can integrate their systems using standardized APIs, promoting
seamless collaboration.

45 Integration of Micro-services
. Decentralized Data Management:
Each microservice communicates directly with the blockchain ledger, so there is consistency and traceability for all components.

. Real-time Data Sharing:
Microservices allow real-time updates in the blockchain, ensuring every participant has access to real-time information.

. Process Automation:
Smart contracts that may be included in microservices automate workflows such as fulfilling orders and settling payments.

. Example Use Case:
Supply chain application using microservices might include:
loT-based monitoring service recording temperature data onto the blockchain.
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A smart contract triggering payments upon successful delivery.
A compliance service verifying regulatory adherence.

4.6 Enhancing Supply Chains with Scalability and Micro-services

By integrating scalability solutions into microservices architecture, blockchain can meet the complex supply chain demands of modern times as
follows:
. High Transaction Volumes: 2-layer solutions and sharding ensure that the network may handle high transaction loads with no delay or
increased costs.
. Dynamic and Modular Operations: Microservices enable supply chain systems to adapt to shifting demands, such as scaling services at
specific times during high demand periods.
. Real-time Collaboration: Blockchain-integrated microservices enable stakeholders to exchange data seamlessly, enhancing coordination and
decision-making.
. Reliability and Resilience: Fault isolation in microservices and the redundancy of blockchain’s decentralized network enhance system
reliability.

4.7 Future Directions

A combination of blockchain scalability solutions and microservices architecture is a paradigm shift in supply chain management. The following is
expected as these technologies continue to evolve.

Increased Adoption: Hybrid models will be adopted for the purpose of balancing scalability, security, and control.

Better Interoperability: Standardized APIs will allow better integration between blockchain platforms and existing systems.

Greater Efficiency: Advanced automation through smart contracts and real-time 1oT data integration will further streamline supply chain processes.

5 Real-Time Problem Statement and Solution
5.1 Real-Time Challenges in Supply Chain Management

Some of the inherent challenges that will still affect the smooth supply chain management operations, transparency, and trust among the stakeholders
include but are not limited to:

. Lack of transparency: Most of them have data systems that are fragmented; they do not allow stakeholders to have an accurate real-time
view. There usually lacks visibility, which leads to disputes, delays, and inefficiencies.

. Fraud and Counterfeiting: There is a feeling of counterfeit products and fraudulent transactions that further breeds distrust in the system by
the parties involved. The most vulnerable sectors are pharmaceutical and luxury, as counterfeiting raises the specter of peril to consumers'
health and the brands' reputation.

. Inefficiencies of Paper-based Process: The paper-based traditional supply chain has a higher dependency on documentation and
reconciliation, which is prone to error, delay, and cost of operations.

. Lack of Ethical Sourcing: The consumers' demand of sustainability and ethics requires that supply chains be traceable and information-
enabled regarding the source of the product and its effect on the environment. Generally, this is a weakness of traditional systems.

. Delay in the resolution of issues: The time taken to identify the disruption, say damage of goods or delay in shipment, is based on the siloed
information systems.

5.2 Blockchain-Based Solutions

Blockchain technology, when integrated with complementary technologies such as 10T and smart contracts, offers a transformative solution to these
challenges. The following sections outline how blockchain addresses each issue:

5.2.1  Enhancing Transparency and Traceability
e  The decentralized, immutable ledger of blockchain helps all participants in the supply chain to have access to a single source of truth.
Blockchain allows tracing a product from origin to destination with every transaction recorded in real time. For instance:
. 10T Integration: Sensors in shipments can collect location, temperature, and humidity data and automatically record it on the blockchain to
provide real-time updates to all the participants.
. Use Case: In Walmart's blockchain-based food traceability system, tracing down the source of a specific food item takes only seconds
against days to do it; hence it responds promptly towards contamination incidents.
5.2.2  Combating Fraud and Counterfeiting
e  The immutability of blockchain's ledger prevents any unauthorized alterations of records. Therefore, the chances of introducing counterfeit
goods in the supply chain are next to impossible. Smart contracts enhance security even further as verification processes can be automated
by the smart contracts.
. Smart Contracts for Authentication: Smart contracts can verify authenticity at several checkpoints. For example, luxury goods
manufacturers can track product authenticity from production to retail through blockchain.
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. Use Case: Through its luxury brands partnerships, VVeChain leverages blockchain for tamper-proof records on product authenticity to boost
confidence among the consumer.
5.2.3  Automating Processes with Smart Contracts
e  smart contracts can automate all the processes in the supply chain from order fulfillment to payment settlement and compliance checks. As
this is an automated process, there is less error-prone intervention and quicker workflows.
. Smart Contract: This would ensure automated payment upon delivery, thereby making the time-consuming and disputes-related process
reduce.
. Industry Regulation Compliance: Smart contract can be implemented to impose industry regulations compliance. So, only the certified
product moves along the supply chain.
. Use Case: Using blockchain in Marco Polo kind of trade finance platforms helps it cut down on the time involved in transaction, thereby
slashing off the cost.
524  Ensuring Ethical Sourcing
. Blockchain provides verifiable data for the origin of their products which allows companies to demonstrate how they are really practicing
compliance with ethical sustainable practices. Consumers can seek information and be assured when detailed accounts of raw-material
sourcing and other aspects make them trusting:
e  Tracking sustainability: through blockchain, Companies can certificate the sustainability supply chains on carbon foot prints and proper
ethical labor.
e Use Case: The blockchain platform of Provenance allows brands to track their supply chains for sustainability while providing transparency
to green consumers.
525  Enabling Real-Time Issue Resolution

e Supply chain interruptions can be quickly identified and fixed because to blockchain's real-time data exchange and traceability features:

. loT for Monitoring Conditions: Temperature variations during transit are among the irregularities that 10T sensors can identify. Real-time
recording of these irregularities by blockchain notifies relevant parties to take remedial action.

. Use Case: Real-time visibility into cargo conditions is made possible by IBM's blockchain-based shipping infrastructure, which facilitates
prompt resolution of problems like damaged goods.

6  Real-Time Applications

Blockchain's flexibility and strength have made it achieve adoption in a number of real-world supply chain applications. This section discusses ways
blockchain is being applied in various different industries to improve transparency, efficiency, and trustworthiness. Key examples comprise automotive
parts tracking, traceability of food, sustainability in supply chains, as well as financing supply chain.

6.1  Automotive Parts Tracking: BMW & VeChain

The automotive industry has two of its biggest problems such as counterfeit parts and a lack of visibility in supply chain management. Blockchain
resolves these issues by creating an immutable ledger for every component from production to assembly. BMW, through an alliance with VVeChain, is
using blockchain technology in the tracking of automobile parts. This helps guarantee part authenticity, reduces counterfeit chances, and increases
quality assurance.

. the verification of part authenticity, which will lessen warranty claims and customer dissatisfaction.

. Real-time updates on part movement, enhancing operational efficiency.

. Transparency in sourcing, ensuring compliance with ethical standards.

6.2 Food Traceability: Walmart & 1BM

Food safety is one of the most critical issues because incidents of contamination expose the affected population to dangerous health risks and financial
loss. Walmart, in association with IBM's Food Trust blockchain platform, has revolutionized traceability in food. In the blockchain, every step in the
journey of a food product is recorded; therefore, tracing the origin of a product now takes seconds rather than days.

. Products contaminated by harmful bacteria are rapidly removed from shelves.

e The process enhanced consumer trust due to clear sourcing and quality assurance.

. Streamlined food safety regulatory compliance.

6.3  Sustainable Supply Chains

The need to have companies make their transparency in the environment and social activities of businesses provide them now with an opportunity to
prove a commitment to ethically sourcing and sustainability with the use of blockchain technology to be able to show verifiable data to prove that its
supply chain is sustainable. For example, Provenance, through the blockchain technology application, traces its raw materials down to the source and
into their environmental implications.

e The company shows its commitment to ethical sourcing and sustainability.

. It has detailed data regarding carbon footprint and labor practice.
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e  Verified claims increase consumer trust and brand loyalty.
6.4 Supply Chain Financing

Supply chain financing has complex processes that are mostly manual and prone to fraud. Blockchain streamlines these processes by automating the
verification of documents and payment settlements. Platforms such as TradelX and Marco Polo use blockchain to enhance trade finance operations.

. It reduces transaction times and costs through automation.

. It brings about transparency in trade documents, reducing fraud risks.

. It enhances liquidity for businesses through faster payment settlements.

6.5  Additional Applications

Pharmaceutical Supply Chains: By monitoring medications from producers to consumers, blockchain protects against fake medications and guarantees
their validity.

. Luxury Goods: Blockchain increases consumer trust by confirming the provenance and authenticity of expensive goods.

. Electronics: Blockchain ensures ethical standards in the electronics business by tracking the procurement of materials free from conflict.

7 METHODOLOGY
7.1 Research Approach

Both qualitative and quantitative research methods are used in this study. These two methods guarantee that this study thoroughly examines the ways in
which blockchain is impacting supply chain management. Actually, in addition to framework-based evaluations, a case study and secondary analysis of
the data that is now accessible form the basis for assessing the technology's potential and challenges in real-world applications.

7.2 Data Collection

Secondary Data Sources:
. Academic Articles: Review of journals, conference papers, and white papers from industry leaders, including peer-reviewed journals, on the
topic of blockchain and supply chain management.
. Industry Reports: Information from the Deloitte, IBM, and World Economic Forum on blockchain adoption trends and use cases.
. Case Studies: Detailed analyses of blockchain applications by companies like Walmart, BMW, and Provenance in their supply chains.
Cases on Selection:
. The firms considered were those that have explicitly documented blockchain implementations within the supply chain to gain some insight
into how this new technology impacts various business entities. The cases represent both food safety, automotive industry, and trade finance.

7.3 Analytical Frameworks

. SWOT Analysis: Blockchain was analyzed based on the structure of SWOT: strengths, weaknesses, opportunities, and threats.

. Models of Technology Adoption: Based on the TOE model, factors were identified that affect blockchain's adoption in the supply chain;
these include technological readiness, organizational capabilities, and environmental forces' pressures.

. Cost-Benefit Analysis: This was also a quantitative analysis because it compared the cost with the benefits of implementation that included
cost savings, improvement in efficiency, transparency, and prevention of fraud.

7.4 Analytical Approach

. Qualitative Analysis: Identified and addressed themes included blockchain's transformative potential and challenges and its integration into
emerging technologies.

. Quantitative Analysis: The impact of blockchain was quantitatively measured through metrics such as transactions per second, cost in
savings, and error-reduction rates.

75 Frameworks for Evaluating Blockchain Impact

Reference Model for Supply Chain Operations (SCOR):
e  Appraisal of the influence of blockchain on key supply chain operations in terms of planning, sourcing, production, delivery, and returns is
based on SCOR model. Indicators for particular things like inventory level, compliance rate, cycle time are considered.
Blockchain Maturity Model (BMM):
e  The BMM gave an articulated structure of assessment of how ready the implementation of blockchain is among several industries as well as
effective for such a setup.
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8

RESULTS & DISCUSSION

Blockchain technology has been able to make major breakthroughs in transforming the management of the supply chain by addressing crucial
inefficiencies, enhancing the transparency level, and increasing traceability. Below, we present the findings regarding its impact and delve into a
discussion on its limitations and potential drawbacks.

8.1

8.2

8.3

Blockchain's Impact on Supply Chain Efficiency

Efficient Process: Blockchain provides stakeholders with a real-time share of information. This makes it irrelevant to have middlemen
involvement. This is what is accelerating processes like tracking shipments or inventory management. For instance, Walmart reduced the 7
days for tracing mango origins to just 2.2 seconds through a blockchain-based traceability food system.

Cost of Administrative Processes: Blockchain reduces the cost of manual labor and related administrative costs as tasks such as invoicing
and payment become automated through smart contracts. For example, in the Tradel X Marco Polo network, blockchain-based trade finance
reduces paperwork and delays and saves millions of dollars per year.

Better Decisions: Blockchain availability of real-time data empowers supply chain managers to make quick decisions based on real-time
information. For instance, tracking the temperature of pharmaceuticals in real time reduces the risk in sensitive shipments that ensure quality
control.

Enhancing Transparency

All stakeholders who are authorized can get access to the shared ledger using blockchain technology. This gives it confidence and brings
about accountability. Companies such as Provenance make use of blockchain technology to provide customers with validated information
regarding the sustainability of raw materials, which encourages moral behavior.

Immutable blockchain records decrease the risks of fraud and data alteration. Car manufacturers, including BMW, utilize blockchain
technology to verify car parts so as to decrease the likelihood of counterfeiting.

Since blockchain technology offers transparent audit trails, it maintains compliance with regulatory requirements. For example, while
maintaining cross-border logistics, the technology from IBM and Maersk's TradeLens helps to maintain compliance with regulatory
requirements as it provides a view of shipping data.

Limitations and Potential Drawbacks

Scalability Issues: It is rather challenging to apply Blockchain technology in high-throughput supply chains due to its low transaction
throughput. Additionally, public blockchains like Ethereum face congestion and high transaction fees. Here solutions like sharding and
Layer 2 protocols look very promising and are under development.

High Implementation Costs: One of the major entry barriers for SMEs includes the setup cost of blockchain infrastructures. These include
smart contracts development, adapting blockchain to the current existing systems, and the needs for employee training.

Power Consumption: Blockchain networks consume as much power as any state, especially if using a PowW
consensus mechanism, such as in Bitcoin, for example. Using a new consensus mechanism, like proof of stake, may greatly
reduce this power consumption concern.

Integration Complexity: It becomes difficult to integrate blockchain technology with existing supply chain systems due to legacy
infrastructure. Compatibility and interoperability of diverse systems require massive work and technical expertise.

Lack of Standardization: There is a lack of global standards to be adopted in blockchain for supply chain, and this brings confusion, thereby
making its scalability difficult. Most companies and industries are using different kinds of incompatible platforms. That leads to data silos
and inefficiencies.

Privacy lIssue: While blockchain increased transparency, it also created new privacy issues. Public blockchains make the details of
transactions public to all who participate, which can be detrimental to sensitive information about businesses. Private and hybrid blockchain
models provide workarounds but have their costs.

Resistance to Change: Resistance on part of stakeholders is an outright challenge in the deployment of blockchain technology. As has been
mentioned, resistance stemming from supply chain partners or constituents of the supply chain tends to be more common based upon
experience with traditional methods by people.

9

CONCLUSION

Blockchain technology is changing the supply chain management process by addressing all the key inefficiencies, establishing transparency, and
enhancing traceability. The results present its revolutionary potential in reframing the future of global supply chains:

Improved Efficiency Blockchain eliminates middlemen, automates processes using smart contracts, and enables real-time data access. This reduces
overall operational delay and cost by a substantial margin.

Transparency Through Shared Ledger Blockchain establishes mutual trust with all the stakeholders, removes the scope for frauds, and provides
compliance according to the regulatory standards.
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Better Traceability. In this scenario, as applied to 10T devices, the blockchain allows end-to-end traceability of products and thus leads to authenticity,
quality checking, and rapid issue identification and resolution.

Despite so many advantages, the potential implementation of blockchain technology presents obstacles. The major issues are related to scaling, high
costs of implementation, excessive energy consumption, resistance to change, lack of standardization, and anonymity and privacy issues. These
challenges would be met by bringing together industry leaders, researchers, and policymakers in one go. Hybrid models of blockchain, energy-efficient
consensus mechanisms, and international standardisation initiatives can help these barriers come down. Furthermore, raising awareness of the
stakeholders in terms of tangible benefits coming from the blockchain can boost acceptance and adoption. Beyond the limits of supply chain
management, what blockchain would mean is that it touches almost every other industry-be it health care or financial. It would revolution and increase
trust in processes as in logistics. Further exploitation of artificial integration with 10T would be well supported by constant changes of technology.
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