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Abstract: = “Supply chain management" has the potential to be transformed by adding secure blockchain technology to address

challenges with existing international trade and logistics networks. According to this study, blockchain usage has grown dramatically
across a wide range of businesses, with better data accuracy, operational efficiency, and transparency standing out. The adoption
process is not without challenges, particularly in terms of initial expenditures, scalability, and the need for stakeholder adaption. The
paper indicates that industry cooperation for standards, prioritizing scalability, investing in training, conducting extensive cost-benefit
evaluations, and continual monitoring are all methods to overcome these concerns. The development of blockchain solutions
specifically for SMEs, longitudinal studies that assess the long-term effects, the investigation of potential synergies with developing
technologies, as well as the wider socioeconomic and environmental ramifications, should constitute the main areas of future research.
Blockchain has the capability to transform supply chain management while establishing a more transparent, secure, and productive
global trade ecosystem by addressing these issues.
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. INTRODUCTION

A. Research background

The merger of supply chain management with the secure blockchain technology leads to a very significant
advancement at the time of tackling the increasing obstacles and different challenges of the modern international
trade and logistics as well. Conventional supply chains are frequently tarnished by opaqueness, inefficiencies, as
well as mistakes, or fraud vulnerabilities. There has been a lot of growing demands and interest in applying
blockchain technology that has been very popular that is particularly known for its transparency and built in security
[1]. Blockchain presents an intriguing opportunity to enhance accountability, traceability, and trust in supply chain
operations by offering a decentralized ledger that logs and validates transactions throughout the chain. This study
examines how blockchain technology continues to develop in the framework of supply chain management, with a
focal point on security concerns [2]. It attempts to investigate the possible benefits that are difficulties, and
standards of excellence in applying safe blockchain solutions for supply chains, advancing our knowledge of how
this innovation could revolutionize the logistics sector and promote safer, more effective international trade.

B. Aims and objectives
Aim:
The primary aim of this research is to investigate the feasibility as well as consequences of supply chain
management's integration of secure blockchain-based technology.
Obijectives:

e To look into the problems as well as shortcomings that conventional supply chain management systems are
now dealing with.

e  To investigate the foundational principles, mechanisms, and potential applications of blockchain technology
in supply chain security.

e To evaluate the benefits and complications of employing blockchain technology in supply chain
management.

e  To establish the groundwork for blockchain-based supply chain safety measures.

C. Research Rationale

The study's justification is the urgent requirement to handle important problems with modern supply chain
management. Conventional supply chains frequently have fraud, inefficiencies, as well as a lack of transparency,
which can cause large financial losses and harm to a company's reputation [3]. This research strives to enhance the
security, dependability, and effectiveness of supply chain operations by investigating the possibilities of secure
blockchain technology. A fascinating topic for investigation and evaluation is the utilization of blockchain
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technology to supply chain management, which can reduce risks, expedite procedures, and eventually help in the
optimization of international trade and logistics.

Il.  LITERATURE REVIEW

A. Challenges and Vulnerabilities in Traditional “Supply Chain Management” Systems

For an extended period, conventional supply chain management systems have faced numerous obstacles as well
as deficiencies that impede their effectiveness, transparency, and safety. Lack of end-to-end visibility is a major
problem; according to a Hackett Group study, up to 40% of businesses have limited access past their immediate
suppliers [4]. This lack of transparency may lead to more expenses, inefficiencies, and delays. Furthermore, data
inaccuracies and inconsistencies plague traditional supply chains frequently, which could end up in expensive
errors. According to the Global Supply Chain Institute, each year, data inaccuracy costs the world economy about
$1.4 trillion [5]. Moreover, traditional systems are vulnerable to fraud, counterfeiting, as well as cyberattacks due
to their centralized nature. These weaknesses undermine customer confidence and create financial risks as well. It
is clear that there is an urgent requirement for a more transparent and safe supply chain, and this study investigates
how blockchain technology could possibly be able to assist with these issues. Supply chain operations could benefit
from increased trust and traceability thanks to the decentralized in addition to immutable ledger of blockchain
technology.
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Figure 1: Traditional Supply Chain Management Systems

B. Principles and Mechanisms of Blockchain Technology

Fundamentally, blockchain technology is a distributed ledger system that is distinguished by a number of
underlying theories alongside workings that give rise to its special powers. Decentralization, in which data is stored
across a network of nodes instead of through a central authority, is one important concept [6]. Increased safety and
adaptability are guaranteed by this arrangement. The importance of decentralization is becoming increasingly
evident as the global blockchain technology market has the potential to grow from $3.0 billion in 2020 to an
estimated $39.7 billion by the year 2025, according to Statista [7]. Consensus, which refers to verifying and
validating transactions using a consensus algorithm, is another essential mechanism. This procedure guards against
fraud and guarantees the integrity of the data. Cryptographic techniques have been employed by blockchain to
secure data, essentially making it unchangeable. Immutability is also a key component because data that has been
stored on the blockchain is very difficult to change after that [29]. Blockchain technology is ideally suited for
supply chain transparency and safety because of these guiding principles along with its functioning mechanisms.
Businesses can use blockchain technology to solve problems like data accuracy, traceability, and fraud prevention
in their supply chain operations by comprehending these fundamental characteristics.

How Blockchain Works?
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Figure 2: Principles and Mechanisms of Blockchain Technology

C. Blockchain Technology's Potential Applications in Supply Chain Security
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There are many possible uses for blockchain technology that could improve supply chain security. Assuring
the provenance as well as authenticity of products is one important use. A report published by Mordor Intelligence
estimates that the annual cost of counterfeit goods to the world economy is close to $1.8 trillion [10]. Supply chain
participants can employ blockchain to document each stage of a product's journey, giving customers up-to-date
knowledge about the provenance alongside legitimacy of the goods they buy. Traceability is another important
application that can be used to identify the source of any problems or contaminants in the supply chain. Blockchain,
for instance, can be implemented in the food industry to track the origin of food products in order to quickly identify
and include outbreaks of foodborne illness. According to estimates from the "World Health Organization," 600
million people get sick each year as the consequence of contaminated food. Additionally, by offering real-time
visibility into stock levels as well as lowering the possibility of stockouts or overstocking, blockchain can be used
to optimize inventory management. Considerable cost savings could arise from this. 59% of supply chain experts
cited lower cost of inventory as the main advantage of adopting blockchain in a Statista survey.

D. The Advantages and Disadvantages of Using Blockchain in Supply Chain Management

There are numerous advantages of blockchain technology for supply chain management. By giving real-time
visibility into supply chain operations, it improves transparency as well as creates a more reliable and effective
ecosystem. “Blockchain technology™ has an opportunity to increase the openness of supply chains by up to 25%,
per a Gartner study [8]. Its immutability in addition to cryptographic security also greatly lowers the risk of fraud
and cyberattacks, as demonstrated by a Juniper Research report that projected potential savings of up to $31 billion
yearly in the food industry alone. Additionally, blockchain streamlines and automates procedures, cutting down on
administrative work and promoting supply chain operations' general effectiveness. Although blockchain
technology has many benefits for supply chain management, there are also some disadvantages to take into account.
First off, maintaining and implementing the technology can be expensive, particularly for smaller businesses [9].
Furthermore, as blockchain networks grow, scalability problems could appear alongside the system and could
become slower as a result of processing a lot of transactions. Finally, adopting blockchain involves a learning curve
that necessitates organizational training as well as modification of current procedures. It is imperative to thoroughly
evaluate both the disadvantages and advantages of taking into account blockchain technology in supply chains.

E. Literature Gap

There is a discernible lack of thorough examinations of the practical difficulties and solutions in actual
implementation in the literature, regardless of the growing interest in blockchain technology for supply chain
management. Although many studies talk about the theoretical advantages as well as disadvantages, only a small
number go into considerable length about the particular challenges encountered during adoption and the methods
used to overcome them [11]. By providing useful advice for businesses wishing to implement safe blockchain
solutions into their supply chain operations, this study seeks to close this gap.

I1.  In: METHODOLOGY

This study takes an interpretivist stance in an effort to gain a deeper comprehension of the manner in which
secure blockchain technology is integrated into supply chain management [30]. This philosophical perspective
recognizes the subjectivity of human experience as well as the intricate, nuanced details of blockchain adoption in
the context of supply chains. In keeping with the hypothesis-driven nature of the research, a deductive approach is
used [12]. This makes it possible to investigate the connection between supply chain security as well as safe
blockchain technology in an organized manner. With a descriptive research design, the study attempts to provide
a thorough picture of supply chains' current blockchain adoption situation. Secondary data collection is the main
technique used in this study to obtain data. It entails compiling data from a variety of current academic sources,
industry reports, case studies, and other appropriate documents [13]. Taking into account the abundance of
information available and the many viewpoints on the application of blockchain technology in supply chain
management, this strategy makes sense. The strategy of purposive sampling is utilized to specifically choose
sources that speak to the goals of the research. Relevance, recentness, alongside source credibility are factors in the
selection process. This guarantees that the selected sources directly support the objectives of the study. Content
analysis is the main component of data analysis. The gathered information is methodically sorted as well as
scrutinized in order to spot trends, patterns, and important revelations found in the body of recently published
literature. This approach facilitates the efficient organization and synthesis of information. Strict standards are used
when choosing sources, in addition to a transparent documentation procedure has been maintained to guarantee the
validity of the stud [14]y. A methodical approach to data analysis is taken for reliability, and the research team
discusses any uncertainties or differences to find a solution. All data sources used are properly cited and credited
in accordance with ethical guidelines. The study however has some shortcomings. It only uses secondary data,
which could leave gaps in the body of knowledge or introduce inherent biases. Subjectivity in the interpretation of
data can be added as well by the interpretivist philosophy; however, this will be minimized through systematic
analysis as well as validation. To sum up, the research's technical methodology provides an organized and
comprehensive means of examining the manner in which blockchain technology is incorporated into supply chain
management.
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IV. |Iv:RESULTS

A. Blockchain Integration in Supply Chain

The study's conclusions show that supply chain management has seen a notable increase in the use of blockchain
technology. Many sectors, including the food, healthcare, as well as logistics industries, have fully embraced
blockchain as a game-changing way to improve operational efficiency, strengthen security, in addition to increase
transparency [15]. The pharmaceutical sector is a shining example, having made incredible progress in
implementing blockchain technology. The pharmaceutical industry has made significant strides in tracking the
origin of drugs and guaranteeing the legitimacy and authenticity of pharmaceuticals at each stage of the supply
chain by utilizing blockchain technology [16]. This creative strategy has produced amazing outcomes, most notably
an overall reduction in fake medications, which lessens risks to patient safety and supports the integrity of the
pharmaceutical supply chain. The increasing adoption of blockchain in these industries highlights the significance
it is to changing the dynamics of contemporary supply chain management along with bringing in a new era of
improved security and transparency.
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Figure 3: Blockchain Integration in Supply Chain

B. Benefits Realized

The main benefit of using blockchain technology in supply chains is that transparency is greatly increased.
Because stakeholders can now track products and transactions in real-time, accountability has become more
effective. The main objective of lowering fraud and errors in supply chains is aligned with the data's security and
tamper-proof nature. A case study of a global food retailer showed the way this increased transparency had been
evident, with the retailer reporting a 30% decrease in supply chain discrepancies since implementing blockchain
[17]. The study also demonstrated the beneficial effect on data accuracy. Data immutability as well as cryptographic
security features significantly lessen the possibility of mistakes and inconsistencies. For instance, blockchain-based
solutions have been crucial in the automotive industry in minimizing sourcing errors in parts, which have
culminated in a 25% reduction in manufacturing defects. Gains in efficiency were yet another noteworthy
advantage noted [18]. Blockchain has reduced costs and enhanced operational effectiveness by automating and
simplifying a number of supply chain processes. A prominent case study from a shipping company showed that
the adoption of blockchain resulted in a 20% reduction in processing time in addition to a 15% reduction in
administrative overhead.
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Figure 4: Key actors in Blockchain based supply chain

C. Drawbacks and Challenges

Although there are clear benefits to supply chains integrating blockchain technology, the study also identified
a number of difficulties. The cost of implementation is the main obstacle. Implementing blockchain solutions can
be financially burdensome for small and medium-sized enterprises (SMEs). Both the initial infrastructure
investment alongside continuing maintenance costs can be high. Industry collaboration and the creation of
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affordable blockchain solutions are necessary for tackling this. Scalability was another issue that surfaced [19].
Processing a high number of transactions on a blockchain could end up in bottlenecks as supply chain networks
grow. Developing scalable blockchain solutions is critical to meeting the expanding needs of global supply chains
[20]. Finally, there is a learning curve associated with the adoption of blockchain technology. It could turn out
necessary to implement training programs or face resistance from stakeholders when they customize to new
procedures and technology. Successful integration requires that all parties that make up the supply chain ecosystem
possess a solid understanding of blockchain technology.

D. Practical Recommendations

A thorough set of useful suggestions for businesses thinking about implementing blockchain technology in their
supply chain management emerged from the study's findings. It is critical that industry participants work together
to develop common standards for blockchain integration. This cooperative effort has the potential to lower
implementation costs, strengthen stakeholder interoperability, as well as hasten the adoption of blockchain
solutions [21]. When choosing blockchain solutions, businesses must additionally give careful consideration to
scalability, in order to make sure the system can grow to accommodate the constantly changing needs of supply
chains. Investing in training as well as change management programs is equally important. Through these
initiatives, all stakeholders will be better prepared to handle the complexities of blockchain technology by gaining
the necessary knowledge and skills [22]. In order to determine the financial feasibility of blockchain adoption,
organizations should also carry out a thorough cost-benefit analysis, placing special emphasis on long-term benefits
that could not be immediately evident but can be significant. Ultimately, given that putting blockchain into practice
is a continuous process, it is critical to continuously monitor and optimize the blockchain solution in order to fully
realize its potential as well as guarantee a smooth integration with supply chain operations. Organizations can arrive
at well-informed decisions and successfully integrate blockchain technology into their supply chains by following
these recommendations.

Aspect of Blockchain Findings
Integration

Adoption Trends Substantial increase in adoption across various industries (e.g., logistics, healthcare,
and food).

Transparency Blockchain adoption leading to improved transparency, aiding in accountability and

Enhancement fraud reduction.

Data Accuracy Data immutability and cryptographic security in blockchain reduce errors and
discrepancies.

Efficiency Gains Automation and streamlining processes through blockchain result in cost savings and
operational efficiency.

Challenges Cost of implementation, scalability issues, and learning curve identified as primary
challenges.

Recommendations Collaboration for industry standards, focus on scalability, training, cost-benefit
analysis, and continuous monitoring recommended for successful blockchain
adoption.

V. EVALUATION AND CONCLUSION

A Critical Evaluation

The research's critical appraisal highlights the complex effects of supply chain management's integration of
blockchain technology. It is clear that implementing blockchain technology possesses significant benefits,
including improved security, transparency, as well as operational effectiveness [23]. The study's conclusions show
the manner in which blockchain technology can be used to address issues that arise with conventional supply chain
management. However, it's important to recognize that there are obstacles to overcome, such as the initial
implementation costs, scalability problems, as well as the requirement for stakeholder adaptation. Even so, these
obstacles must be overcome with commitment and careful planning [24]. In addition, the study's conclusions
demonstrate that effective blockchain deployment requires industry cooperation, scalability as a top priority,
training and change management expenditures, and careful cost-benefit analysis. A critical evaluation of the
research findings reveals that even though blockchain technology has enormous potential for transforming supply
chain management, adoption of the technology must be approached strategically utilizing existing knowledge.

B Research recommendation

Taking into account the extensive research results regarding supply chain management alongside blockchain
integration, a number of significant guidelines for future work in this area come to light. First and foremost,
additional investigation needs to be done to fully grasp the unique obstacles that small and medium-sized businesses
(SMEs) encounter when implementing blockchain solutions in their supply chains [25]. A focused investigation
into affordable implementations as well as individualized solutions for small and medium-sized enterprises (SMEs)
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can aid in democratizing the advantages of blockchain technology while creating a more inclusive adoption
environment. Secondly, in order to evaluate the long-term effects of supply chain integration with blockchain
technology, longitudinal studies are necessary [26]. Through monitoring these systems' development over time,
researchers have the ability to provide a more thorough grasp of the long-term advantages and difficulties of the
technology, assisting organizations in making well-informed decisions as they embark on their blockchain adoption
journey. Furthermore, it is crucial to conduct research on the creation of novel, scalable, and interoperable
blockchain solutions. Blockchain technology can work in concert with emerging technologies like artificial
intelligence as well as the Internet of Things (10T) in order to develop supply chain management systems that are
more potent [27]. Examining these convergences and their practical uses could reveal new security and efficiency
levels.

C Future work

Subsequent investigations ought to concentrate on the creation and evaluation of blockchain-driven supply
chain solutions customized to the unique requirements of small and medium-sized businesses (SMEsS).
Longitudinal studies should additionally track the long-term effects of blockchain adoption alongside investigating
the manner in which blockchain technology can be integrated with emerging technologies like 10T and Al in order
to enhance supply chain management [28]. A thorough analysis of the broader socioeconomic and environmental
effects of blockchain adoption is also necessary.
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