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Abstract

Background: Over the last few years, blockchain and artificial intelligence (Al) applications in supply chain management (SCM)
have become a transformational solution to increase transparency, security, and efficiency. Conventional supply chain systems

are associated with inefficiencies, information silos, faddiness, and deficiency of traceability, which greatly impede efficiency.

The synergies of a decentralized and safe data format of blockchain and predictive performance of Al have the chance to resolve

these issues and streamline supply chain processes. Methods: The study employed the mixed-methods approach, which included

secondary data gathering based on peer-reviewed articles, industry reports, and case studies related to blockchain and Al

integration. The study utilizes statistical analysis to investigate current trends and associations and machine learning algorithms

are used to examine how blockchain and Al can influence supply chain performance indicators, including demand forecasting,

inventory management, and operational effectiveness. The data on different industries such as food, pharmaceuticals and

logistics were studied to have a glimpse of the real-world uses of such technologies. Results: The findings indicate that
blockchain and Al integration have a significant positive impact on transparency as it creates an unalterable and up-to-date
version of each transaction and improves operational efficiency since it allows for the optimization of resource distribution,

demand forecasting, and inventory control. Blockchain offers verifiable data, which is reassured, and Al can make predictive

analytics and automation that can decrease errors and enhance decision-making initiatives within supply chains. Conclusion: A
combination of blockchain and Al is an exciting option to revolutionize supply chain management. Although other issues such as

scalability and system integration are still facing challenges, the benefits of these technologies are enormous in terms of security,

transparency and efficiency.
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1. Introduction

Supply chain management (SCM) is a critical element of
efficiency and competitiveness of businesses in the
contemporary fast changing global market. In spite of being
functional, traditional supply chains are often characterized
by many issues that include inefficiency, lack of transparency

and data silos, fraud and weakness in the process of tracking
material movement. Such challenges make organizations less
able to effectively respond to changes in the market, risk
management, product quality and safety in the complex global
chain of supplies (Prado-Prado et al., 2020). As digital
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technologies emerged, however, there is now an opportunity
to make substantial improvements in the functioning of a
supply chain. However, the most prominent among them is
blockchain and artificial intelligence (AI), which has become
a revolutionary technology standing a chance to transform the
supply chain management (Kashem et al., 2023).

A decentralized and unchangeable digital registry,
blockchain is a secure and transparent method of documenting
transactions and data within supply chains. Blockchain began
its broad use as an initial phenomenon popularized by
cryptocurrencies such as Bitcoin, and it has a much wider
array of applications. Applied to supply chains, blockchain
can be used to track goods and transactions in real-time and in
a way that cannot be tampered with by different parties
without the wuse of a centralized authority (Helo
&Shamsuzzoha, 2020; Rejeb et al., 2019). The transparency
and security are important in the business environment where
they aim to improve traceability, control fraud, alleviate risks
of counterfeit goods, and especially in the food,
pharmaceutical, and luxury goods industries. The blockchain
can provide a certain degree of trust which is a fundamental
consideration in the supply chain ecosystem by ensuring that
all transactions are recorded on a distributed ledger, are
verifiable, cannot be changed or deleted (Wu et al., 2017).

Conversely, Artificial Intelligence (AI) has a
transformative contribution of equal magnitude since it will
allow supply chains to become more intelligent and
responsive toward real-time data. Al is the learning, analysis,
and decision-making capabilities of machines and systems
using big data. Quotient Al tools Al-based supply chain
management systems can anticipate supply and demand
changes, path optimization, warehouse management, and
enhanced inventory utilization with machine learning
algorithms (Raja Santhi & Muthuswamy, 2022). Al may use
this information to predict the trends in future by reviewing
the past trends and making its predictions through learning
which can help preclude future problems before they occur.
This predictive ability enhances decision making and
decreases human error and allows business organizations to
run more effectively (A. & R.,2023).

Blockchain and Al in the supply chain management are
especially powerful due to the complementation of the two
technologies. Blockchain guarantees security, traceability, and
transparency of transactions, whereas Al is expected to
provide the predictive capacity and decision-making power to
optimize the processes and automate them. Combined, the
technologies can enable a more resilient and efficient supply
chain capable of responding to market demand response in a
timely manner, mitigating risks, and lowering operational
expenses (Abideen et al., 2021; Aljohani, 2023).

A promising field where blockchain and Al can be utilized
is the enhancement of the transparency and safety of material
flow systems. There is a high likelihood that traditional supply

chains are fraught with information gaps, delays in
communication as well as churning of data. Implementing the
blockchain technology enables all the stakeholders in the
chain to gain access to one inescapable record of transactions,
enhance accountability (Agarwal et al., 2022; Taj et al., 2023).
In the meantime, Al has the potential to boost the general
performance, allowing it to perform automated tasks,
predictive analytics, and real-time decision-making. As an
example, in the food sector, blockchain can deliver complete
farm-to-table traceability, and every product is safely tracked
whereas Al can be used to forecast consumer demand,
inventory management, and streamline supply chain
operations (Verma et al., 2022).

The next important benefit of combining blockchain and Al
is the possibility to overcome the inefficiencies of inventory
management and logistics. Al-based algorithms may
constantly check and examine stock supplies, forecast a
deficit or overstocking situation and propose reordering times
in accordance with demand anticipations. This is further
fostered by blockchain guaranteeing the validity and
correctness of data used by Al which indeed facilitates better
inventory control and optimization of the supply chain
(Kashem et al., 2023; Sani et al., 2024; Wu et al., 2017).
Moreover, Al-based analytics can predict possible threats or
disruptions in the supply chain, including delivery lags or
supplier problems and give practical information to address
these threats before they escalate.

Although the potential of the integration of blockchain and
Al is promising, there are still difficulties. Scalability of
blockchain, which is relevant especially in international
supply chains with high transactions, is an issue. Possibly, the
main drawback of the traditional blockchain networks is their
limitation in terms of speed and energy consumption of
transactions which can be a setback to the implementation of
the technology on large scale (C. Wang & Zhao, 2023). Also,
blockchain is more secure, but has weaknesses, especially
when incorporating IoT devices and RFID systems feeding
data to the blockchain system. These issues point to a
necessity of the ongoing research on increasing the scalability,
energy-efficiency and security of blockchain.

Furthermore, the effective application of the blockchain
and artificial intelligence in supply chains presupposes that it
is necessary to overcome considerable technical, financial,
and regulatory challenges. The companies need to invest in
infrastructures, consolidate the existing systems and align all
supply chain stakeholders (Rehman et al., 2022). The
regulatory authorities should also be modified to support the
adoption of decentralized technology such as blockchain and
Artificial Intelligence, especially when it comes to data
privacy or international transactions.

However, the advantages of introducing blockchain and Al
into the supply chain management cannot be ignored. These
technologies will solve most of the inefficiencies, security
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challenges and complications that traditional supply chains
are experiencing. Protecting businesses, new opportunities to
enhance transparency, efficiency, and responsiveness are
available through blockchain and Al that keeps advancing and
are likely to find new use in the realm of supply chain
management in the future. Over the next few years, these
technologies will continue to grow, and the involvement of
more academia, industry, and regulation agencies will
probably advance the popularity of blockchain and Al-based
supply chains, and eventually change the landscape of global
trade.

2. Material and Methods

2.1 Research Design

The study design of the research is a mixed-method
approach, which combines both quantitative and qualitative
research designs to achieve an in-depth understanding of how
blockchain and Al can be integrated into the supply chain
management. The qualitative component is a detailed case
study of the current application of blockchain and Al in
supply chains, drawing into the discussion the sphere of food,
pharmaceutical, and logistics. Quantitative component of the
research is based on statistical and machine learning methods
of analysis of data in these systems to evaluate the
effectiveness of the integration of blockchain and Al to
improve transparency, security, and efficiency of the material
flow. Bringing these methods together, the study will give not
only theoretical knowledge about the efficiency and obstacles
of combining blockchain and Al to real-life supply chains, but
also an empirical collection of evidence.
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Figure 1. Research Methodology Framework: The diagram shows
the research flow, starting with the Literature Review, followed by
Framework Development, Case Study, and ending with
Al-Blockchain Model Development for Supply Chain.

2.2 Data Collection

To conduct secondary data collection, I identified data on
peer-reviewed journals, industry reports, and academic papers

concerning the integration of blockchain and Al in supply
chain management. Such sources were useful in terms of
understanding the existing technologies, applications, and
challenges in the implementation of blockchain and Al
solutions in industries. Information was chosen with
references to what the research he did was about, such as
case-studies and examples on fields like food,
pharmaceuticals and logistics. The data gathered as secondary
data aided in developing a theoretical framework of the
Al-Blockchain model in supply chains.

2.3 Blockchain Technology in Supply Chain
Management

Blockchain Technology in Supply Chain Management
plays a transformative role by providing a secure, transparent,
and decentralized method of recording transactions and
tracking goods across the supply chain. Blockchain makes the
information regarding material flow, transactions, and the
history of the product irreversible and verifiable in real-time
with the help of a distributed ledger. The technology will get
rid of the middlemen, which will save money and enhance
productivity. Blockchain improves traceability in supply
chains, authenticity, fraud prevention and the availability of
correct information in a secure way to all stakeholders
involved. It is especially useful in such industries as food,
pharmaceuticals and luxurious goods, where provenance and
security play the key role.

2.4 Artificial Intelligence (AI) in Supply Chain
Optimization

Supply Chain Optimization with Artificial Intelligence (AI)
involves using sophisticated algorithms and machine learning
to enhance decision-making, demand forecasting, and
optimization. Using Al will allow businesses to predict the
necessary inventory, optimize logistics, and automate manual
work based on real-time analysis of vast amounts of data.
Analyzing past data and identifying trends, Al can forecast
future trends, address the risks in supply chain management,
as well as enhance resource allocation. In other industries
such as retail, manufacturing and logistics, Al helps to
enhance efficiency by cutting down on waste, minimizing
delays and customer satisfaction. Its combination with the
other technologies like blockchain also increases its capacity
of giving transparent data-based insights to allow optimized
management of the supply chain.

2.5 Data Analysis

This study used both machine learning algorithms and
statistical techniques in its Data Analysis to determine the
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effects of blockchain and Al integrations in supply chain
efficiency. First, key data points gathered on the secondary
sources were summarized with the help of descriptive
statistics and identified trends and patterns in the application
of blockchain and AI to industries. Then the regression
analysis was conducted to determine the relationship among
blockchain transparency, Al optimization, and overall supply
chain performance. Also, machine learning models were used
to forecast the outcome of supply chains like demand
forecasting and inventory management, using the past data.
The analyses were done using Python and R and the
effectiveness of the Al models were measured using
performance measures like accuracy, precision and recall.

3. Results

3.1 Publication Trend and Growth

The findings indicate a definite positive trend in the study
of the integration of blockchain and Al in supply chain
management where the number of publications is steadily
growing throughout the researched timeframe and reaching
the highest point in 2022 and turning downward in 2023. This
trend shows that the subject matters have developed very fast
as a nascent field of study into a powerful research stream.
The almost equal growths in the number of publications are
indicative of growing scholarly concern regarding how
blockchain and Al integration can add to material flow
systems transparency and data protection and contribute to
operational efficiency.

Geographic and authorship analysis also shows that this
area of research is globally spread and is driven by a small
number of very productive scholars. The greatest number of
publications came out of India, then China, then United
Kingdom, Italy and the United States, indicating that the
developed and other emerging economies are actively
contributing to the field. These results indicate that the
advances of blockchain-Al-enabled supply chains knowledge
base are being established by a focused scholarly leadership
and extensive worldwide involvement.

.......

Figure 2. Publication trends and author distribution in blockchain
and Al integration in supply chain management. The bar chart on the

left shows the publication count from 2016 to 2023, highlighting a
peak in 2022. The horizontal bar chart in the middle represents the
top countries contributing to the research, with India leading
(Sharma et al., 2023).

3.2 Technological Integration in Supply Chain
Management

The combination of blockchain and Al in the management
of supply chains has proven to have a great potential in
increasing visibility, safety, and efficiency in the material flow
systems. The study indicates a significant rise in the
utilization of such technologies in industries with blockchain
offering a decentralized and immutable registry that
safeguards transactions along with information exchange
whereas Al offers smarter decision-making by way of
predictive analytics and machine learning. Such blend makes
it possible to conduct more accurate tracking, gain a real-time
understanding and automate supply chain processes to reduce
the number of errors, promote faster decision-making and
enhance operational performance.

Moreover, the research shows that blockchain and Al usage
is used with other new technologies, e.g. [oT, RFID, and cloud
computing to optimize the material flows even more. To
illustrate, IoT devices can be used to collect real-time data that
is analyzed with an Al algorithm to forecast demand and
optimize inventory. In the meantime, blockchain can secure
and verify the integrity of the data, eliminating tampering and
fraud. Although the advantages are very obvious, there are
issues to face, especially when it comes to scalability, energy
usage, and system integration. With the field shifting, the
solution to these shortcomings will play a crucial role in
ensuring the potential of blockchain and Al can be fully
realized in revolutionizing supply chain operations.

Table 1. Overview of Key Technologies in Supply Chain
Management: Descriptions, Main Uses, Benefits, and Limitations.

Techn o Main RN
Description Benefits Limitations
ology Uses
Cryptocur Faces
A .
. rencies, Offers challenges
decentralize suppl transparen | with
d digital chl':fny c ’ scalabilit
Block | system for managem szz:urit ener, us}; e
chain | securely s Y EY usage,
storin ent, smart | and storage
& . contracts, immutabil | demands, and
transactions financial it regulato
and data. Y & Y
systems concerns
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types of environments data ticketing hurdles
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systems

automate the processes. The outcome of such integration is
enhanced connectivity to devices and systems, which are
supported by IoT and cloud computing. Nonetheless, there are
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obstacles, especially in the areas of data protection in the IoT,
RFID, and QR codes, which differ based on the
implementation, and the weakness to scale of such
technologies as QR codes and GPS. Regardless of these
challenges, blockchain and Al, when used together, introduce
a potentially life-changing solution to incorporate more
efficiency and security in the contemporary supply chains.

Table 2. Comparison of Key Technologies in Supply Chain
Management: Security Features, Connectivity, Scalability, and Data

Handling.
Security Data
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. Preserves
Provides
strong Supports Adapts well transparency
. interaction to growing and data
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3.4 Challenges in Scaling and Securing
Blockchain-Al Integrated Supply Chain
Systems

The combination of blockchain and Al technologies in the
sphere of supply chain management has been a subject of
thorough research in recent sources, with all of them pointing
at the tremendous improvements in supply chain transparency,
security, and efficiency. The articles reviewed demonstrate
that blockchain-based solutions can offer a decentralized
system to guarantee data and transaction security in the
diverse industries, such as agriculture and food supply chains.
As an example, Ehsan (2022) and Bosona et al. (2023) note
that a blockchain helps to increase the level of traceability and
security, especially in the sphere of smart farming and in the
agricultural supply chain. Together with the Internet of Things
(IoT), Al technologies are used to enhance real-time
monitoring and decision-making, optimization of logistics
and inventory (Bosona&Gebresenbet, 2023; Ehsan et al.,
2022). These combined solutions are not only cost efficient
but also offer increased accountability and visibility in the
material flow systems.

Nevertheless, the scalability, security, and interoperability
are some issues associated with the integration of blockchain
and Al with other technologies such as RFID, IoT, and QR
codes despite their promising outcomes. To illustrate, the
Bhatia & Albarrak et al. (2023) and Borandag et al. (2023)
studies point out the fact that blockchain and IoT are
potentially helpful in enhancing the traceability and safety of
the supply chain, yet the size of the organization is one of the
challenges encountered when implementing such systems
(Bhatia & Albarrak, 2023; Borandag, 2023). Also, the
security is maintained at various levels due to different
encryption levels and vulnerabilities of gadgets implemented
in IoT and RFID systems, as observed in the study by Feng et
al. (2020). These challenges are one of the ways that can be
used to achieve the potential that blockchain and Al
integration can bring to supply chain management.

Table 3. Summary of Recent Research on Blockchain and Al
Integration in Supply Chain Management: Key Findings and
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Technologies Used (Ellahi et al., 2023).
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3.5 Automating and Securing Supply Chain
Processes with Blockchain and Al

Stakeholders play a crucial role in the process of rolling out
blockchain and Al in supply chain management and ensuring
that various aspects of the process of material flow become
transparent, secure, and efficient. The diagram shown in the
figure has indicated a strong architecture in which various
stakeholders such as the production businesses, transportation
authorities and regulatory institutions mingle effectively with
other parties using blockchain technology. Smart contracts
allow data interactions between these entities, automating
such processes as validation, initializing, and credit
assessment, making sure that everything is safe, transparent,
and traceable. The sphere of optimizing decision-making,
analyzing real-time information and automating the process is
one of the areas where Al contributes to improving the entire
supply chain ecosystem, improving predictive applications

and business operations.

Also, the combination of these technologies helps to
organize the complicated processes of the supply chain, as it
has been represented in the two operational flows of sales and
production. Blockchain is a guarantee of data integrity
throughout its transition between different steps, including the
stages of acquisition, drying, packaging, and warehousing.
The allocation of resources, inventory, and efficiency of the
logistics is enhanced with the help of the Al-driven algorithm,
and in combination with the secure and transparent data
exchange provided by blockchain enables creating a more
efficient and reliable supply chain. Nonetheless, the
scalability and the issue of interoperability emerge as the
major points of concern, as the system utilizes smart contracts
and a multi-source data fusion, to the best advantage of the
solutions that the blockchain and Al would offer in extensive
operations.
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Figure 3. Blockchain and AI-Driven Supply Chain Framework: This
diagram illustrates the interaction between various enterprises
(Production, Transportation, and Regulatory) through blockchain
networks and smart contracts. It highlights the roles of the Publisher,
Inspector, and Supervisor in ensuring secure data exchange and
process automation, enhancing transparency and operational
efficiency in material flow systems. The flow of operations, from
sales to production, packaging, and warehousing, is supported by
Al-driven decision-making and blockchain-based smart contracts
for validation and credit evaluation (Charles et al., 2023; Wu et al.,
2024).

4. Discussion

The combination of blockchain and Al in supply chains and
management has been a notable field of study in the past few
years, due to their potential influence on transforming
material flow systems. This study illustrates that the assembly
of blockchain and its decentralized and immutable registry
with Al and its predictive and automation ensures is changing
supply chains and making them more transparent, secure, and
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effective. Our study demonstrates that such integration can
help to solve not only such critical concerns like data integrity,
fraud prevention, and inefficiency of the conventional supply
chains but also offers the possibility to optimize performance
due to the ability to make better decisions and analyze data in
real-time.

The main argument of the study is that blockchain and Al,
together with each other, can provide significant advances in
transparency and security of material flow in supply chains.
According to multiple reports, blockchain technology can be
used to establish immutable documentation of transactions,
which is key in industries such as food, agriculture, and
pharmaceuticals, where traceability and authenticity of
products are paramount (Bhatia & Albarrak, 2023; Ellahi et
al., 2023; Feng et al., 2020; Rejeb et al., 2020). The very
nature of blockchain enables a real-time and immutable
history of each transaction, so it is possible to trace each
product on its way to the destination without any chances of
falsifying records and committing fraud. These results
correspond to the previous study by Wei et al. (2020), who
emphasized the security benefits of blockchain due to
decentralized consensus mechanism, which guarantees data
integrity in networked systems (Wei et al., 2020).

Also, it is more transparent because of the use of smart
contracts, which is one of the main features of blockchain
technology, as it automatizes things and makes certain that the
terms of agreements are automatically fulfilled as soon as a set
of pre-defined conditions is satisfied (Mik, 2017; Rejeb et al.,
2020). This automation will decrease the number of
intermediaries and human factor involved which will reduce
error and any possible manipulation of data. This
transparency is also enhanced by the usage of Al that allows
predictive analytics and timely decision-making, so that all
participants in the producers, transport, and regulating
industries can have instant access to the available information
that is both accurate and valid (Felzmann et al., 2020).

The blockchain-based traceability provided in the dairy
industry in India has been reported by Ellahi et al. (2023),
where blockchain is used in order to guarantee safety and
traceability, by storing all the supply chain activities (Ellahi et
al., 2023). This is further enhanced by Al which allows real
time analysis of demand trend/pattern, transportation
efficiency, and stock levels that enables more informed
decisions to be made. These developments, which as we have
seen in the results help avert fraudulent activities, also lead to
transparency of the whole chain of supply and help in bringing
accountability in the whole process (Borandag, 2023).

The combination of Al and blockchain comes in handy to
streamline the efficiency of the supply chain. Machine
learning and data mining algorithms are examples of Al
techniques that are essential to analyzing extensive IoT
devices and sensors in supply chains (Riad et al., 2024; W.
Wang et al., 2018). With the use of these advanced algorithms,

businesses will be able to forecast demand changes, potential
bottlenecks, and optimize their logistics and inventory control
in real-time (Helo &Shamsuzzoha, 2020; Wan et al., 2018).
The findings of the current research underline the idea that Al
can analyze big amounts of data, which will positively impact
the decision-making process and enable more efficient and
responsive supply chains.

Moreover, Al along with blockchain increases operational
efficiency as it automates various manual operations that
usually take time and are stigmatized by human error. In the
case exemplified in the figure, coordination of these
technologies in the various stages of the supply chain, such as
sales and production, warchousing and transportation
simplifies material movement, as all the stages are monitored
and controlled with precise information. This flawless data
transmission enhances communication and coordination
between many stakeholders as blockchain enables real-time
information on the condition of goods, whereas Al provides
predictive analytics of more accurate forecasting and planning
(Rejeb et al., 2019).

In particular, the application of Al to managing and
warehouse optimization and inventory, as seen by the example
of Lu etal., (2022) can lead to substantial decreases in costs of
operation and help avert overstocking or stockouts. It is
possible to use Al algorithms to analyze the past, and make a
prediction of the future demand with a high level of success,
allowing warehouses to be stocked accordingly, which
directly translates into cost reduction and increased customer
satisfaction (Lu, 2019). This is in line with reports by Rejeb et
al. (2019) who had postulated that optimization in Al will
result in lower operational expenses and an increased
utilization of resources, and that blockchain will allow such a
process to be secure and transparent (Rejeb et al., 2019).

The adoption of blockchain and Al into supply chains is
equally fraught with a variety of challenges, most notably
with the idea of scalability, security, and interoperability.
Scalability is a frequently cited location issue when it comes
to large-scale organizations operating with blockchain,
because the technology takes considerable computing
resources to process transactions (Bhatia & Albarrak, 2023;
Ehsan et al., 2022). This is especially noticeable in case of
large amounts of data that is created by IoT devices within a
large-scale supply chain. The promise of increased security is
offset by the inefficiency of decentralized blockchain, in
terms of processing power and speed. As observed in the
findings, a number of studies have noted that scalability has
been among the most critical issues when it comes to
blockchain application in the supply chain management,
particularly in industries whose transactions are large (Bhatia
& Albarrak, 2023; Borandag, 2023).

In an attempt to solve these scalability issues, recent
accomplishments have been on enhancing blockchain
consensus algorithms, including Proof of Stake (PoS) and
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sharding, intended to lower the power consumption and
computational value needed to validate a blockchain (Wei et
al., 2020). Nevertheless, even with these improvements, the
potential of blockchain to scale in practice is under-studied,
with much of its deployments being currently in its infantile
phase.

Moreover, whereas blockchain has important security
benefits, such as providing data integrity and preventing
unauthorized changes, other technologies, such as IoT, RFID,
and QR codes, can offer vulnerability in the sphere of data
encryption and device security (Ehsan et al., 2022; Ellahi et al.,
2023). The IoT devices are specifically vulnerable to hacking
and data breaches, and hence the security of such
interconnection devices is a priority in future studies. Strong
encryption codes and multi-level protection should be
considered to secure the whole ecosystem configuration when
these devices are exploited in addition to blockchain to
end-to-end supply chain visibility.

Moving forward, blockchain and Al integration in supply
chain management has enormous potential in the future. An
embrace of blockchain and Al technologies such as machine
learning and deep learning is likely to unlock predictive
analytics and autonomous decision-making processes, as well
as the creation of autonomous supply chain networks (Ehsan
et al., 2022; Helo &Shamsuzzoha, 2020; Wei et al., 2020).
The resilience of supply chains to disruptions and malicious
acts might be further increased by the ability to use Al and
improve the security capabilities of blockchain, which include
fraud detection and anomaly detection.

Nevertheless, there is nothing glamorous on the way to
broad adoption. The study says that despite the proven value
of blockchain and AI, companies will still have to
self-overcome a number of obstacles, such as the cost of
building, complexities of integration, and the issues of
regulation (Bhatia & Albarrak, 2023; Ehsan et al., 2022).
Additionally, how blockchain affects the environment,
especially its energy-use in proof-of-work systems, will also
become a crucial issue in the future. Future studies should aim
to come up with energy-saving blockchain architectures and
make sure that the adoption of such technologies is scalable
and sustainable.

To advance the applicability of blockchain technology in
supply chain logistics in the future, researchers must improve
the scalability and energy efficiency of the technology,
especially in large-scale operations. It is possible to explore
hybrid blockchain system structures, like using a hybrid chain
of the private and the public chains, which could be more
efficient. Also, there is a necessity to enhance the safety of [oT
and RFID systems that use blockchain and Al to overcome
vulnerabilities. Under the umbrella area of Al-based
automation, especially predictive analytics and autonomous
decision-making will further streamline supply chain
operations. Academia, industry and regulatory agencies

cooperative efforts are important to come up with standard
frameworks that would facilitate easy integration to solve
both technological and regulatory issues.

5. Conclusion

The integration of blockchain and AI in supply chain
management significantly enhances transparency, security,
and efficiency in material flow systems. Blockchain provides
secure, immutable records, while Al enables predictive
analytics and real-time decision-making, optimizing
operations. However, challenges such as scalability, security
vulnerabilities, and system integration remain. Despite these
hurdles, the potential benefits of combining these
technologies are substantial, offering improved traceability,
reduced fraud, and streamlined operations. Future
advancements in blockchain scalability, Al-driven automation,
and security protocols will further solidify the role of these
technologies in transforming supply chains, making them
more resilient and efficient in the long term.
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