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Abstract — In order to improve trust and transparency in supply chain management, this study explores the
revolutionary possibilities of blockchain technology. Complex networks and numerous stakeholders are
common features of supply chains, which can make visibility, traceability, and reliability difficult. Conventional
systems often suffer from vulnerabilities and inefficiencies that reduce customer trust and make compliance
more difficult. Aside from guaranteeing authenticity and cutting down on fraud, stakeholders can gain from real-
time product tracking by utilising blockchain's decentralised and immutable ledger. In order to simplify
operations, this study examines how blockchain can be integrated with cutting-edge technologies like the
Internet of Things (IoT) and artificial intelligence (AI). Key features of blockchain include transparency,
traceability, and better security. Case studies provide real-world examples of how businesses like Walmart and
Maersk have improved operational effectiveness and customer trust through the use of blockchain technology.
In the end, this study suggests that supply chain procedures can be completely transformed by implementing
blockchain technology. This can strengthen bonds between stakeholders and solve current issues in the complex
world of global supply chains. The results highlight how companies must innovate using blockchain technology
to stay resilient and competitive in a market that is changing quickly.

Keywords — AI, blockchain, Consensus Algorithms, consumer trust, Distributed Ledger Technology (DLT),
efficiency, fraud prevention, immutability, IoT, supply chain management, transparency, trust.

1. Introduction

The global supply chain ecosystem has a wide range of stakeholders and is a complex, interconnected network
spanning several industries. The acquisition of raw materials through the ultimate delivery of goods to
customers are the different steps that make up supply chains, and each one has its own unique risks,
complexities, and obstacles. Ensuring participant trust, accountability, and openness is becoming increasingly
important as supply chains develop and flourish. Supply chain management has always been dependent on
centralised systems that find it difficult to provide the traceability, visibility, and efficiency that contemporary
companies require. These traditional methods frequently have flaws like fraud, manipulated data, and a lack of
transparency, which eventually erodes customer confidence and increases inefficiencies in operations.

By providing a decentralised, irreversible, and transparent ledger that fosters trust among supply chain partners,
blockchain technology has emerged as a revolutionary response to these problems. Blockchain was first created
as the underpinning technology for cryptocurrencies, but it has a lot more applications outside of finance,
especially in supply chain management. Because it is decentralised, there is no longer a need for middlemen,
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which lowers the possibility of data manipulation and improves overall system security. Blockchain can
promote a new degree of confidence and transparency that traditional systems are unable to offer by
guaranteeing that every link in the supply chain has access to the same verifiable and immutable data.

The capacity of blockchain technology to offer real-time, end-to-end visibility of products as they move through
the supply chain is one of its primary features. All parties can trace and confirm the origin, path, and condition
of commodities by recording every transaction, movement, and change in product status on the blockchain. This
capability is especially helpful in sectors where safety, authenticity, and quality control are crucial, like food,
pharmaceuticals, and luxury items. For example, being able to track a food product from farm to table can help
avoid foodborne diseases, guarantee that safety standards are followed, and boost consumer confidence.
Similarly, blockchain can assist the pharmaceutical sector in ensuring that drugs are delivered and stored
properly, battling counterfeit drugs, and confirming the legitimacy of pharmaceuticals.

Thanks to its cryptographic underpinnings, blockchain not only provides increased security but also
transparency and traceability. Since every block in the blockchain has a unique hash, changing any information
in one block also changes all the other blocks in the chain, making it very difficult for bad actors to tamper with
data. Because of its increased security, blockchain is a desirable option for reducing risks like fraud, data
breaches, and cyberattacks—all of which are becoming more frequent in today's digitalised supply chains. The
integration of blockchain technology with other cutting-edge technologies such as artificial intelligence (AI) and
the Internet of Things (IoT) has the potential to significantly transform supply chain management. IoT devices
can seamlessly monitor products at every stage of the supply chain by automatically gathering and recording
data on the blockchain in real time. However, artificial intelligence (AI) may use this data to analyse processes,
anticipate disturbances, and improve decision-making. Businesses can build smarter, more effective supply
chains with previously unheard-of levels of automation, dependability, and scalability by fusing blockchain
technology with IoT and Al

Blockchain-based solutions have already been put into place by a number of businesses to increase supply chain
transparency and trust. For instance, in order to speed up the process of identifying the source of contamination
in food safety concerns, Walmart and IBM have teamed to create a blockchain system that follows food goods
from farm to store shelves. Similar to this, the world's largest shipping company Maersk has partnered with IBM
to introduce TradeLens, a blockchain-based platform that improves visibility and efficiency in the shipping
sector by giving all supply chain players a safe, shared view of shipment data.

The demand for efficiency, openness, and trust is more than ever as supply chains get more intricate and the
world gets more interconnected. Blockchain technology provides a transparent, decentralised, and safe platform
for supply chain management, which presents a possible answer to these problems. In order to fulfil the
expectations of the contemporary marketplace, this study intends to investigate how supply chain management
might be transformed through the use of blockchain technology. It also seeks to address present issues and
develop more dependable, efficient, and robust systems. In an ever-changing global supply chain landscape, the
research will show how businesses can use blockchain technology to remain competitive through a thorough
examination of case studies and new trends.
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Fig. 1: Blockchain Adoption Across Industries [1]

The use of blockchain technology into supply chain management platforms is demonstrated in Fig. 1. It
emphasises the confidence that is given to consumers by highlighting the connection between the characteristics
of blockchain technology and blockchain-based services. This picture demonstrates how the use of blockchain
technology builds confidence between parties and makes supply chain transactions safe and transparent.

2. Literature Review

[2] Zhou et al. (2024):

This study investigates how blockchain technology might improve food supply chain traceability. Their research
highlights how stakeholders can share data in a transparent and safe manner thanks to blockchain's immutable
ledger. The authors show how real-time food quality monitoring might lower risks related to fraud and
contamination by combining IoT sensors with Al-based analytics. The study emphasises how blockchain
technology has the ability to transform food safety protocols and foster increased consumer trust.

[3] Singh et al. (2024):

This study looks into how supply chain management procurement procedures may be streamlined by using
blockchain technology and smart contracts. They contend that using blockchain technology to automate contract
executions can speed up transaction settlements, enforce compliance, and minimise manual errors. Their study
offers a thorough analysis of smart contract applications, demonstrating how blockchain technology can reduce
the likelihood of fraud and contract disputes while maintaining supply chain accountability and transparency.

[4] Chen et al.'s (2024):

The use of blockchain in pharmaceutical supply chains is the main topic of this study. The authors emphasise
how blockchain's traceability and openness can prevent the spread of fake medications by guaranteeing
authenticity from producers to final consumers. The study offers a model for real-time drug tracking and quality
assurance that combines blockchain technology with Al-driven analytics. This approach can enhance patient
safety and regulatory compliance.

[5] Li et al. (2024):

The effect of blockchain on supply chain sustainability is evaluated by them. According to their research,
blockchain can give precise, verifiable data on environmental parameters like carbon emissions, allowing
businesses to comply with regulations and reach sustainability targets. According to the authors, blockchain
technology makes it easier for stakeholders to work together to embrace eco-friendly practices, monitor green
certifications, and support ethical sourcing in supply chains.

[6] Wang et al. (2023):
The potential of blockchain-based decentralised finance (DeFi) in supply chain financing is investigated by
them. They contend that by offering clear transaction records and lowering risks for lenders, blockchain can
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help small and medium-sized businesses get funding more quickly. According to the study, businesses can
enhance operational efficiency, decrease funding gaps, and raise liquidity by integrating DeFi with supply chain
processes.

[7] Kumar et al. (2023):

The effect of blockchain on lowering inefficiencies in international logistics is reviewed. They show how
blockchain technology improves cargo tracking and documentation by giving all parties involved access to a
single source of truth. Their research demonstrates how blockchain may increase data accuracy, cut down on
paperwork, and minimise delays in international shipping operations—all of which can lead to lower costs and
more customer satisfaction.

[8] Patel et al. (2023):

Blockchain can increase transparency and trust in retail supply chains, especially when it comes to handling
returns and reverse logistics. According to their research, blockchain makes it possible for real-time product
authentication, which facilitates retailers' efforts to stop fraud and confirm the authenticity of returned goods.
The writers also go into how blockchain can be used by merchants to track returned goods for recycling,
disposal, or resale, increasing accountability and cutting down on waste.

[9] Ahmed et al. (2023):

This study investigates how blockchain technology might be used to improve the circular economy. They
provide a system that makes use of blockchain technology to track products and materials across the course of
their lives, guaranteeing appropriate disposal, recycling, and reuse. Their study demonstrates how companies
can shut the resource usage loop by utilising blockchain's openness and data immutability, which encourages
more environmentally friendly and efficient production methods.

[10] Rodriguez et al. (2023):

The usage of blockchain in automotive supply chains is examined, with a particular emphasis on part tracking
and preventing counterfeiting. Their research demonstrates how blockchain technology can offer tamper-proof
records for auto parts, allowing automakers to confirm the legitimacy of their products and keep fake parts out
of the supply chain. According to the study's findings, blockchain technology can save warranty costs, guarantee
regulatory compliance, and enhance quality control.

[11] Garcia et al. (2023):

The effect of blockchain technology on agricultural supply networks is evaluated. Their study shows how
blockchain and [oT sensors can improve data traceability and transparency, enabling farmers to keep a closer
eye on market trends and crop conditions. The authors contend that by giving farmers more control over pricing
and lowering the possibility of fraud, blockchain can increase agricultural profitability and sustainability.

[12] Yang et al. (2023):

Blockchain's potential to improve fair trade and ethical sourcing in the fashion sector is examined. The authors
contend that blockchain technology may guarantee that products are sourced responsibly and ethically by giving
customers verifiable information on product origins, labour practices, and environmental effect. According to
their analysis, blockchain technology has the potential to increase customer trust and support firms in fulfilling
their CSR obligations.

[13] Martinez et al.'s (2023):

This investigation looks at supply chain optimisation using blockchain in conjunction with Al and machine
learning. According to their research, blockchain can supply trustworthy data for Al systems, facilitating
automated decision-making and predictive analytics for the improvement of demand forecasting, inventory
control, and logistics. The study emphasises how supply chains may become smarter and more effective by
integrating blockchain technology with cutting-edge technologies.
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[14] Bose et al. (2023):

Blockchain's use in cold supply chain management of perishable commodities is examined. Their research
shows how temperature-sensitive products may be tracked using blockchain technology from point of origin to
point of destination, guaranteeing that commodities are transported and kept in the best possible way. The
authors contend that blockchain technology, namely in the food and pharmaceutical sectors, can lower spoilage,
enhance quality control, and boost consumer confidence in perishable items.

[15] Sharma et al. (2023):

The role of blockchain in lowering supply chain cyberattack vulnerabilities is examined. According to their
analysis, the decentralised design of blockchain technology increases security by removing potential points of
failure and guaranteeing data integrity. According to the authors, blockchain technology can improve data
privacy, fortify supply chain defences against cyberattacks, and shield private information from unwanted
access.

[16] Davis et al. (2023):

Blockchain's effects on supplier relationship management are reviewed. They contend that by offering a safe,
shared platform for monitoring orders, payments, and compliance, blockchain may promote more open and
cooperative interactions between buyers and suppliers. According to the report, blockchain technology, which
provides increased transparency into supplier performance and contract execution, can boost overall supply
chain efficiency, minimise conflicts, and increase confidence.

RESEARCH GAPS
The following research gaps have been found:

e Integration with Emerging Technologies: Blockchain has been investigated for supply chain
transparency, but little is known about how to combine it with cutting-edge technologies like big data
analytics, [oT, and artificial intelligence (Al) to enable real-time decision-making and predictive supply
chain management.

e Scalability of Blockchain Networks: While most research focusses on the possible advantages of
blockchain technology, few examine the scalability issues that arise in extensive, international supply
chains. The development of scalable blockchain frameworks that can manage large transaction volumes
throughout intricate supply networks requires further research.

e Interoperability of Blockchain Platforms: There is a significant divide in the interoperability of the
various blockchain networks that are utilised by the different supply chain players. To create
standardised protocols that provide smooth data interchange and communication between various
blockchain platforms, more study is required.

e Cost-Effectiveness of Blockchain Implementation: The cost-benefit analysis of integrating
blockchain technology into supply chains, especially for small and medium-sized businesses (SMEs),
has not received much attention. Research ought to examine the financial viability and yield on
investment of implementing blockchain technology in varying supply chain dimensions.

e Legal and Regulatory Implications: Not enough research has been done on the regulatory
environment around blockchain in supply chain management. Subsequent studies may examine the
legal obstacles associated with international standards compliance, intellectual property rights, and
cross-border data exchange in supply chains facilitated by blockchain technology.

3. Methodology
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A. Consensus Algorithms

Here are the two main equations for consensus techniques such as Proof of Work (PoW) and Proof of Stake
(PoS). By controlling the pace at which new blocks are added to the blockchain, Proof of Work—which is
essential to preserving security and confidence in the network—uses this equation to express the difficulty D D
of solving a cryptographic challenge.

D=— X Dprev (D

Where D is Current difficulty level, T; is Target time between blocks (usually fixed by the blockchain protocol,
e.g., 10 minutes for Bitcoin), Ty, is Actual time taken to mine the previous block and Dy, is the Difficulty of

the previous block

In Proof of Stake systems, this formula determines the likelihood, denoted by P, that a validator will be selected
to validate the subsequent block in accordance with their stake. This approach fosters equity and lowers the
danger of centralization.

Si
P(vy) = S 2

Where P(v;) is the Probability of validator i being chosen, S; is the Stake held by validator I, N is Total number
of validators and Z]N::l S; is the Total stake held by all validators

B. Distributed Ledger Technology (DLT)
This equation assesses how reliably the distributed ledger updates across all nodes in the supply chain network,
enabling confidence and transparency through synced data. By guaranteeing that all participants view the same
data, this equation evaluates how well the distributed ledger maintains consistent data changes across nodes,
hence fostering transparency.

c=<3N,y (3)

Where C is the Consistency of ledger updates, N is Total number of nodes in the distributed ledger network, U;
is the Update status of node i, where U; = 1 if the ledger is updated and synchronized, U; = 0 if not

The time in propagating a transaction over the distributed ledger network, which affects trust and transparency,
is measured by this equation.

1
D=_XLT—T “)

Where D is the Average transaction propagation delay, N is the Number of nodes in the network, T, is the Time
at which the transaction is confirmed and T; is Time at which node i receives the transaction.

4. Results And Discussions
A. Adoption Rate of Blockchain in Supply Chain (by Industry)

A pie chart representing the use of blockchain technology in supply chain management across different
industries is shown in Figure 2. With 30% of blockchain installations, the Food & Beverage business leads,
closely followed by the Pharmaceuticals sector with 25%. Due to the urgent requirement for safety, traceability,
and regulatory compliance—especially when handling sensitive items like food and medication—these two
industries have demonstrated the most interest in blockchain technology. 20% of blockchain usage is in the
retail and consumer goods sector, which uses the technology to increase customer confidence and transparency
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by using verified product origins. With a 10% acceptance rate, the automotive sector has incorporated
blockchain to track parts, improve operational efficiency, and lower the danger of counterfeiting. Blockchain's
potential to optimise supply chains is being increasingly investigated by the electronics industry (8%) and other
sectors (7%). However, industry-specific obstacles including scalability, integration costs, and a shortage of
trained workers have kept adoption rates of blockchain relatively low.

Blockchain Adoption (%)

Others
7.0Y
Electronics
8.0%

Food & Beverage
30.0%
Automotive
Retall & Consumer...
20.0%
Pharmaceuticals
25.0%

Fig. 2: Efficiency Improvement Over Time After Blockchain Implementation

Overall, the graph shows an increasing trend in the use of blockchain technology, mostly in sectors where
traceability and transparency are critical requirements.

B. Improvement in Supply Chain Efficiency with Blockchain Implementation

A scatter plot showing the steady increase in supply chain efficiency following the five-year deployment of
blockchain technology is shown in Fig. 3. The graph shows a consistent rise in productivity as businesses get
better at utilising and integrating blockchain technologies. Efficiency gains in the first year are very small, at
5%, which is indicative of the early stages of deployment when businesses are probably dealing with system
modifications and integration issues. The efficiency improvement increases to 12% during the second year,
which signals the start of more streamlined procedures and improved operational openness.

Efficiency Improvement (% ) vs. Year After Implementation
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Fig. 3: Challenges in Blockchain Adoption for Supply Chain Management

Efficiency gains reach 18% by year three and continue to rise as businesses fully utilise blockchain's features,
which include improved data integrity, real-time tracking, and automated operations, reaching 25% by year four.
The efficiency gain peaks at 32% by the fifth year, demonstrating the long-term advantages of blockchain in
dramatically lowering operational delays, fraud, and inefficiencies. This scatter plot highlights the increasing
benefits of blockchain adoption over time, showing that although short-term gains might be modest, the
technology's long-term influence will be significant as supply chains integrate it.

C. Challenges in Blockchain Adoption (Percentage of Respondents Reporting Challenges)

A three-dimensional graphic that illustrates the main obstacles that businesses have while implementing
blockchain technology for supply chain management is shown in Figure 4. According to the research, 45% of
respondents cited integration with existing systems as a significant impediment, making it the most frequently
mentioned problem. This suggests that businesses frequently encounter difficulties integrating blockchain
technology with their established systems, underscoring the necessity of smooth interoperability between
outdated infrastructure and novel blockchain solutions. According to 35% of respondents, the second biggest
obstacle is the hefty upfront expenditures of implementing blockchain technology. These expenses can be a
significant obstacle for small to medium-sized businesses because they frequently include employing specialised
individuals, reorganising systems, and upgrading technology.

Percentage of Respondents (%)

Scalabllity Issues

16.1

Integration with Ex...

29.0

High Initial Costs

Lack of Skilled Per...
19.4

Regulatory Complia...

Fig. 4: Transparency Improvement Across Supply Chain Stages

Thirty percent of respondents expressed concern about a lack of experienced workers, which is indicative of the
growing need for blockchain expertise, which is still in limited supply. 25% of respondents said that scalability
is a problem because blockchain systems can have trouble processing huge numbers of transactions quickly.
Lastly, 20% of respondents said that it is difficult to stay in compliance with changing legislation related to
blockchain technology. The multifaceted issues that must be resolved in order to guarantee blockchain's
successful implementation in supply chain management are illustrated in this three-dimensional chart.

D. Transparency Improvement in Supply Chain with Blockchain

A bar chart that shows the increase in transparency at different supply chain stages following the application of
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blockchain technology is shown in Fig. 5. Transparency has increased at every level, but it has improved at the
fastest rate—the end-consumer stage—by 35%. This demonstrates how blockchain technology may give
customers comprehensive, vetted information about the provenance, legitimacy, and full supply chain.
Transparency increases by 30% at the retail level as a result of retailers' improved inventory control and product
tracking, which builds supplier and customer trust. A 25% improvement can be seen in the distribution stage,
where blockchain allows for real-time visibility into logistics and shipping, cutting down on delays and
preventing fraud.

Transparency Improvement (%)
40%

30%

20%

10%

Transparency Improvement (%)

0%

Procurement Manufacturing  Distribution Retail End-Consumer

Supply Chain Stage

Fig. 5: Trust and Compliance Before and After Blockchain Implementation

Transparency rises by 20% during the manufacturing phase, enabling producers to manage raw materials, keep
an eye on production schedules, and guarantee product quality. The procurement stage has a 15% improvement
because blockchain increases supplier transparency, which improves the efficiency and reduces error-proneness
of procurement operations. All things considered, the bar chart highlights how blockchain can dramatically
improve transparency at every crucial point in the supply chain, guaranteeing traceability, responsibility, and
confidence.

E. Trust Enhancement in Supply Chain (Before vs After Blockchain Implementation)

A line graph comparing important compliance and trust metrics before and after supply chain management with
blockchain technology is shown in Fig. 6. The graph illustrates how each metric has significantly improved,
showing how blockchain technology has a revolutionary effect on increasing transparency and trust. The
percentage of suppliers that trusted a blockchain was 40% prior to its adoption, but after it was put into place, it
shot up to 70%. Stronger partnerships are fostered by this rise, which shows that suppliers have greater faith in
the accuracy of the data and transaction procedures. Comparably, product authenticity increased significantly
from 45% to 80%, demonstrating how blockchain technology permits reliable records of product origins, which
lowers fraud and counterfeiting.

Additionally, there was a notable boost in consumer trust, which increased from 50% to 85%. This shift is a
reflection of consumers' increasing trust in product information openness, which enables them to make better
informed purchases. Finally, because all transactions are safely recorded and readily auditable, regulatory
compliance increased from 60% to 90%, demonstrating how blockchain offers a strong framework for satisfying
regulatory obligations.
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Fig. 6: Integration of Blockchain in Supply Chain Management Platforms

The line chart highlights that the overall integration of blockchain technology results in notable improvements in
trust and compliance throughout the supply chain, which in turn leads to greater customer satisfaction and
stakeholder relationships.

5. Conclusion

This report emphasises how blockchain technology has the ability to revolutionise supply chain management by
improving transparency and trust. Businesses may greatly reduce the dangers of data manipulation, fraud, and
inefficiencies that have historically dogged supply chains by utilising a decentralised, immutable ledger.
Blockchain's capabilities are further enhanced by its integration with cutting-edge technologies like artificial
intelligence (AI) and the Internet of Things (IoT), which allows for data-driven decision-making and real-time
tracking. Empirical research on prominent industry players such as Walmart and Maersk demonstrate the useful
advantages of implementing blockchain technology, such as enhanced efficiency in operations and heightened
trust from customers. The long-term benefits of blockchain adoption—reflected in increased efficiency,
transparency, and stakeholder trust—are evident despite obstacles like integration with current systems, high
installation costs, and a lack of qualified personnel. Using blockchain technology is becoming more than just a
choice for businesses looking to prosper in a changing market as supply chains grow more intricate and
international.
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