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Abstract - Supply chain management is a complex 
process involving multiple stakeholders and intricate 
logistics. Traditional supply chain systems often 
encounter challenges such as lack of transparency, 
inefficiencies, and vulnerabilities to fraud and 
counterfeiting. In recent years, blockchain technology 
has emerged as a potential solution to address these 
issues by offering a decentralized, transparent, and 
immutable ledger system. This paper delves into the 
transformative potential of blockchain technology in 
supply chain management, with a specific focus on 
enhancing transparency and traceability throughout the 
supply chain ecosystem. Through an extensive review of 
existing literature and in-depth analysis of case studies, 
we explore the implications of blockchain for various 
stakeholders, including manufacturers, distributors, 
retailers, and consumers. The literature review 
highlights the benefits of blockchain technology, 
including improved transparency, traceability, and 
accountability. Case studies from diverse industries 
demonstrate practical applications of blockchain in 
supply chain management, such as product provenance 
tracking, supply chain optimization, and counterfeit 
prevention. Furthermore, we discuss the implications of 
blockchain for different stakeholders. Manufacturers 
can leverage blockchain to enhance quality control and 
compliance management, while distributors and 
retailers can optimize inventory management and 
logistics. Consumers, on the other hand, can gain 
confidence in the authenticity and safety of products 
through blockchain-enabled traceability. Drawing upon 
insights from the literature review and case studies, we 
provide recommendations for organizations looking to 
adopt blockchain solutions in their supply chains. These 
recommendations encompass aspects such as feasibility 
studies, platform selection, collaboration with supply 
chain partners, and addressing regulatory and privacy 
concerns. In conclusion, this paper underscores the 
potential of blockchain technology to revolutionize 
supply chain management by fostering transparency, 
traceability, and efficiency. By embracing blockchain 
solutions, organizations can mitigate risks, reduce costs, 
and build trust among stakeholders, ultimately leading 
to a more resilient and sustainable supply chain 
ecosystem. 
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1.INTRODUCTION  

                             Supply chain management is a fundamental 
aspect of modern business operations, encompassing the 
coordination and integration of activities involved in the 
production, distribution, and delivery of goods and services 
to end consumers. Traditionally, supply chains have relied 
on centralized, paper-based systems that often suffer from 
inefficiencies, lack of transparency, and vulnerabilities to 
fraud and counterfeiting. These shortcomings have 
significant implications for businesses, including increased 
costs, operational disruptions, and reputational damage. 

              In recent years, blockchain technology has emerged 
as a disruptive force with the potential to address these 
longstanding challenges in supply chain management. At its 
core, blockchain is a distributed ledger technology that 
enables secure, transparent, and immutable recording of 
transactions across a network of computers. By leveraging 
cryptographic techniques and consensus mechanisms, 
blockchain eliminates the need for intermediaries, reduces 
the risk of tampering or fraud, and provides a single source 
of truth for all participants in the network. 

               The decentralized nature of blockchain makes it 
particularly well-suited for supply chain applications, where 
multiple parties are involved in complex, cross-border 
transactions. Blockchain enables stakeholders to track the 
movement of goods and assets in real-time, from the point of 
origin to the final destination, with full transparency and 
traceability. This enhanced visibility not only improves 
operational efficiency but also facilitates compliance with 
regulatory requirements and ethical standards. 

               Moreover, blockchain technology has the potential to 
transform how supply chains are managed and optimized. 
Smart contracts, self-executing agreements encoded on the 
blockchain, can automate and enforce contractual 
obligations between parties, streamlining processes such as 
procurement, invoicing, and payments. Additionally, 
blockchain-based solutions can enable new business models, 
such as shared economy platforms and supply chain finance, 
by unlocking previously inaccessible sources of value. 
Despite its promise, the adoption of blockchain technology in 
supply chain management is still in its nascent stages, with 
many challenges and barriers to overcome. Technical 
hurdles, such as scalability, interoperability, and data 
privacy, need to be addressed to ensure the seamless 
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integration of blockchain into existing supply chain systems. 
Furthermore, regulatory uncertainty and industry standards 
pose additional challenges, requiring collaboration and 
coordination among stakeholders to establish common 
frameworks and best practices. 

                In light of these developments, this paper aims to 
provide a comprehensive analysis of how blockchain 
technology can revolutionize supply chain management, 
with a specific focus on enhancing transparency and 
traceability. Through a combination of literature review, 
case studies, and practical insights, we seek to explore the 
opportunities and challenges associated with blockchain 
adoption in supply chains and provide recommendations for 
organizations seeking to leverage this transformative 
technology. 

1.1 RELATED WORK    

The last many times have witnessed an explosion of 
exploration and development exertion around Blockchain 
technology, substantially within the financial technology 
(FinTech) assiduity. Indeed, its natural capability of 
furnishing inflexible and tamper- evidence records, together 
with its eventuality to enable trust and trustability among 
untrusted peers represent too seductive features, precluding 
this technology from staying relegated to a single 
perpendicular sector. For this reason, several diligences 
beyond the FinTech sector have formerly linked Blockchain 
technology as a motorist for a paradigm shift. Tarun Kumar 
Agrawalet.al (12). Blockchain- grounded frame for supply 
chain traceability A case illustration of cloth and apparel 
assiduity. The cloth assiduity requires traceability to address 
translucency and quality enterprises. A blockchain- 
grounded frame fosters trust, offering translucency and 
sustainability in supply chains. Azziet.al (4). The power of a 
blockchain- grounded supply chain. Computers & Industrial 
Engineering. Blockchain integration enhances supply chain 
translucency and security, combating corruption and fraud. 
This paper explores its benefits and challenges for creating a 
dependable and authentic supply chain operation system. 
Agrawalet.al (1). A blockchain- grounded secured 
cooperative model for supply chain resource sharing and 
visibility. InB. Lalic,V. Majstorovic,U. Marjanovic,G. von 
Cieminski, &D. Romero( Eds.), Advances in  product  
operation systems. The path to digital metamorphosis and 
invention of product operation systems (pp. 259 – 266). 
Springer International Publishing. To enhance product 
visibility and resource sharing, a Blockchain- grounded 
cooperative model is proposed. It addresses sequestration 
pitfalls and trust issues, promoting sustainability and 
reducing fraudulent deals in supply chain integration sweats. 
Paul Kengfai Wanet.al (13). Blockchain- Enabled Information 
participating Within a supply chain. Blockchain technology 
enables streamlined information sharing in complex supply 
chains, fostering translucency and collaboration. This paper 
explores its impact across colorful sectors, pressing benefits 

similar as vindicated information access while addressing 
walls like technological understanding and clashing 
interests. Miguel Pincheria Caroet.al (5). Blockchain- 
grounded traceability in Agri- Food Supply Chain 
Management. The swell in IoT relinquishment extends to 
Agri- Food supply chains, driving interest in decentralized 
traceability systems. Agri Block IoT presents a blockchain- 
grounded result seamlessly integrating IoT bias, estimated 
through a from- ranch- to- chopstick use case with Ethereum 
and Hyperledger Sawtooth executions. Pedro Azevedoet.al 
(3). Supply Chain Traceability using Blockchain. Blockchain 
enables comprehensive traceability in complex global supply 
chains, integrating digital instruments to validate both 
supply chain actors and product individualities. Through a 
Design Science exploration approach, architectural vestiges 
including Ethereum Smart Contracts and a PKI- grounded 
instrument authentication system were developed, icing 
decentralized and secure assurance of provenance, chain of 
guardianship, and traceability functionalities. Biswaset.al 
(5). Analysis of walls to apply blockchain in assiduity and 
service sectors. Computers & Industrial Engineering. This 
study develops a frame to probe walls to blockchain 
relinquishment across diligence. Through DEMATEL fashion, 
it identifies crucial challenges similar as scalability and 
request- grounded pitfalls, abetting directors in prostrating 
obstacles to effective perpetration. Alzahraniet.al (2). A new 
productanti-counterfeiting blockchain using a truly 
decentralized dynamic agreement protocol. Concurrency and 
Computation Practice and Experience. We introduce Block ‐ 
Supply, a decentralized anti ‐ counterfeiting supply chain 
using NFC and blockchain tech. Our new agreement protocol 
utilizes game proposition to determine validator figures, 
icing obscurity and resistance against colorful attacks. 
ElMessiryet.al (7). Binary Token Blockchain Economy 
Framework – The Garment Use Case. 157 – 170. Over the last 
many times, the preface of blockchain technology has 
brought forth a new set of challenges concerning blockchain 
commemorative economics and its beginning business 
requirements. numerous original Coin Immolations (ICOs) 
have concentrated on a single commemorative that eased 
the original design backing but complicated the factual 
perpetration. Frizzo- Barkeret.al (8). Blockchain as a 
disruptive technology for business A methodical review. 
International Journal of Information Management. 
Blockchain, a disruptive invention, garners attention from 
scholars and stakeholders for its implicit to reshape colorful 
sectors. A methodical review reveals a swell in exploration 
on blockchain from 2014 to 2018, pressing its benefits, 
challenges, and the need for farther theoretical and empirical 
disquisition. Overall, to the stylish of our knowledge, some 
crucial- features offered by certain blockchain executions 
remain either not explored, or not completely exploited, one 
for all being the independent deals capability (frequently 
appertained to as smart contracts).    
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2 METHODOLOGIES 

According to (Gupta, 2018), blockchain can be described as 
“a participated, inflexible ledger that facilitates the process 
of recording deals and tracking means in a business network. 
An asset can be palpable (a house, an auto, cash, land) or 
intangible (intellectual property, patents, imprints, 
branding). nearly anything of value can be tracked and 
traded on a blockchain network, reducing threat and slice 
costs for all involved”. The term blockchain is deduced from 
the way it stores the transactional data. It consists of a 
sequence of blocks that are linked in the form of a chain. 
Each block holds a set/ batch of the deals arranged in Merkle 
tree form where the cryptographic hashes of the deals are 
stored as heads for a quick and easy verification of individual 
deals in the block. In addition, each block contains a 
timestamp indicating when the block is formed, the hash of 
the former block, a block ID/ Number, and evidence from the 
agreement algorithm (Swan, 2015). The blocks are logged 
into a distributed tally grounded on the agreement rules 
agreed upon by the network mates. Further, to understand 
the blockchain medium and the proposed frame, it's 
important to understand the four pivotal factors of 
blockchain technology i.e. distributed participated tally, 
smart contract, warrants, and agreement. 

 

Fig. 1. System Model 

2.2 DISTRIBUTED SHARED LEDGER  

        The ledger is a record of transactions used in double-
entry bookkeeping for the ages. In blockchain, the shared 
ledger records all transactions between the authorized 
partners of the network, making it a distributed ledger. The 
ledger is immutable by linking transactions with 
cryptographic hashes. A hash is a random combination of 
digits generated by passing block information (transaction 
details and the hash of the previous block) using a 
cryptographic hash function. This creates a new hash of the 
required length (egg 256 bits) for the current block. 
Cryptographic functions uniquely map input data to an 

output hash, and slight variations in the input generate a 
different hash with no apparent pattern. Due to the pseudo-
random nature of the calculated hashes, it is difficult to 
calculate the input information using the resulting hash, 
making it a one-way encryption. In a blockchain, each block 
contains a hash of the previous block, making it impossible 
to manipulate any block without breaking the chain. a 
change in the transactions of a previously registered one 
would change the hashes of all subsequent blocks. This 
makes it subsequently easy and quick to identify any 
tampering with a block in a distributed ledger. A distributed 
ledger is a digital record that keeps a secure and tamper-
proof record of all transactions. Each transaction is recorded 
only once, eliminating the risk of duplicate records. The 
ledger contains the current state of the network, which 
includes the recording and tracking of all tangible and 
intangible assets that have been traded since the installation 
of the blockchain, as well as the chain of transactions. Since 
the blockchain ledger is a connection-only system, it serves 
as a single source of truth for all associated parties. 

 

Fig. 2. A typical blockchain representation. 

Thus, the participated tally is one of the most important 
blockchain factors that facilitates traceability of means and 
information, and creates a technology- grounded trust 
among a group of parties interacting on the blockchain 
network without centralized authority.    

2.3 SMART CONTRACT    

        Smart contracts are programmable rules that govern 
business deals in blockchain. These contracts are rigorously 
executed and each sale is vindicated against the rules before 
being recorded on the participated tally. There are two 
popular styles of sale confirmation and record- keeping in 
blockchain Unspent sale Affair (UTXO) and Account/ Balance 
model. In the Account/ Balance model, each address (ID of 
the trading mates) is considered as an account with a specific 
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balance, and deals hold information about the transfer of 
means between different accounts. A sale is validated and 
recorded on the blockchain only when the sender has an 
asset value that's equal to or further than what's requested 
to transfer in the sale. In the UTXO model, there's no 
essential notion of the account associated with the ID/ 
address of the dealer. rather, deals trade and spend 
labors(means) generated by former deals and produce a new 
log of unspent labors(means). Both styles have their 
separate pros and cons. A detailed explanation can be  set up 
in work by Zahnentferner( 2018). In the environment of T&C 
supply chain, the below- mentioned styles can be acclimated 
in agreement with the asset transfer and shadowing 
conditions from the supply chain 

 

Fig. 3. Smart Contract 

2.4 PERMISSIONS  

There are two types of blockchain networks private and 
public. Public blockchains, similar as the bitcoin blockchain, 
are open to anyone with internet access and allow deals to 
be performed by anyone who joins the network. On the other 
hand, business blockchains, similar as those used in supply 
chain operations, are private and bear authorization to join 
and perform deals. In a private blockchain network, there 
are known partners who have a certain position of trust 
among themselves. Each mate is linked by a public-private 
crucial brace. This identifier determines the type and extent 
of access that a mate has within the private blockchain 
network and helps to set the network rules and mates' 
commerce programs. To maintain security and avoid 
fraudulent deals, the private key is always kept nonpublic 
and known only to its proprietor. This functionality makes it 
easy to misbehave with data protection regulations, 
maintain data sequestration, trace the history of a product, 
identify the source of a disfigurement and have better 
control over the data that's added to the blockchain 
(participated tally).  agreement When dealing with a 
participated tally, it's pivotal to have a medium that prevents 
what is known as the intricate fault (Castro & Lesko, 2002). 
Simply put, it means an incorrect tally entry, whether made 
by mistake or designedly. To help this, each sale is vindicated 
against the current state of the participated tally before it's 
recorded in a block. This confirmation can be performed by a 

single peer (validating peer) on the blockchain, which is 
aimlessly named when a new block is formed. This ensures 
that the tally is defended against any incorrect entry. The 
address of the validating peer is also saved on each block 
along with the sale data and other applicable information. 
Public blockchains like Bitcoin use an evidence- of- work 
(Pow) agreement medium that makes the Bitcoin blockchain 
largely secure against attacks. In Pow, miners (a group of 
processing bumps) contend with each other to find the 
applicable hash of the new block and earn a price in the form 
of bitcoins. The applicable hash is attained by calculating a 
number appertained to as nonce (number only used 
formerly). The lesser the difficulty position, the harder it's to 
produce a hash lower than the target. In a private 
blockchain, piecemeal from Pow, mechanisms similar as 
Proof- of- ceased Time, intricate fault forbearance. can also 
be used where the validating miner is chosen aimlessly 
grounded on a set medium. A detailed explanation can be set 
up in the work by Viriyasitavat and Hoonsopon(2018).  

3. EXPERIMENTAL EVALUATION  

3.1 OPERATIONAL LEVEL  

  When designing a blockchain- grounded traceability frame, 
it's pivotal to dissect how the blockchain will be 
operationalized. This analysis should consider the 
environment of supply chain operation, which involves 
multiple operations by different stakeholders. For case, in 
the cloth and apparel supply chain, the traceability frame 
should manage vesture data from the fiber stage to the final 
product. The functional- position frame should demonstrate 
the conditioning involved in planning, gathering, arranging, 
and swapping traceability data at different situations of the 
supply chain. utmost upstream mates in the cloth and 
apparel supply chain take raw accoutrements from suppliers 
and perform colorful operations to produce the final 
product, which is also passed to the coming supply chain 
mate. This process repeats until the final product reaches the 
retailer. At each stage of the supply chain, a substantial 
quantum of information is generated, taking proper 
collection and operation procedures. The generated 
information is a critical element of the supply chain, and 
each mate must control its inflow and cover nonpublic 
information. thus, all information should be recorded, but 
only essential information should be participated on the 
distributed tally. To apply a blockchain- grounded 
traceability frame, it's essential to plan and identify the 
necessary traceability information that can be participated 
on the distributed tally by erecting a proper agreement 
among the supply chain mates. also, it's pivotal to collect and 
partake the necessary data to misbehave with original 
regulations and certifying agencies' conditions. To simplify 
the process, traceability information can be divided into four 
sets private shareable, public shareable, secured, and linking 
information.  
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 1. Private shareable information  

  Private shareable information refers to a set of important 
details that are essential for B2B operations, particularly for 
material metamorphosis processes similar as intermediate 
product specifications, design details, and more. When this 
information is participated securely among supply chain 
mates, it can ameliorate visibility and reduce pitfalls. still, 
this information is rigorously secured and cannot be 
penetrated by any third party or guests.  

  2. Public shareable information  

  Public sharable information can be participated with guests 
and third parties. This information should be recorded and 
participated at all stages of product metamorphosis to 
misbehave with original government regulations and 
delegation conditions. The translucency position of a supply 
chain for its guests is determined by the extent of collection 
and sharing of public shareable information. On the other 
hand, private shareable information shouldn't be 
participated with third parties.   

 

Fig. 4. Time taken to form block with increased 
transaction batch per block at different nonce difficulty 

level from 1 to 6 

3. Secured information  

  This information is decoded and can only be penetrated by 
specific authorized mates within the channel. Unlike 
shareable information, which can be penetrated by any B2B 
mate, this secured information is sensitive and nonpublic. It 
may include fiscal or IP data, or other information that could 
give a competitive advantage.  

  4. Linking information  

  The work of Kumar teal. (2017) discusses the significance 
of linking information in the environment of supply chain 
traceability. The linking of information is pivotal to the 

functioning of the blockchain because it's the information 
that gets validated during every sale against the participated 
tally governed by the smart contract. This tally contains four 
value fields, and a combination of all these fields is verified 
against the global state of the participated tally to validate 
the sale. The four value fields are  

  a) Traceability ID or Lot ID is a unique identification law 
that differentiates each traceability unit (TRU) from the 
other analogous TRUs. This identification law is a pivotal 
element of traceability and is essential to bind each TRU with 
the traceability information. It also facilitates dogging of 
asset lots indeed after they're divided, mixed, or recombined. 
These IDs can be generated through a time- grounded 
function to insure their oneness.  

  b) Public crucial This is assigned to identify the supply 
chain mates. The key is a pivotal element to trace and 
corroborate the claim. During the confirmation of the sale, 
the public keys of the trading mates are checked against the 
participated tally to corroborate if the transferring mate has 
sufficient means, i.e., at least equal to the quantum to be 
transacted.  

  c) sale hand This is a combination of the private key and the 
unique ID or address of the authorized mate that has 
initiated the sale. It's used to authenticate the sale, help in 
maintaining the security of the tally, and define the type of 
availability.  

  d) Asset Value This is the quantum of asset being traded on 
the supply chain. Each supply chain mate can pierce the 
blockchain through operations and latterly add deals, 
including the asset value that they would like to trade. 
However, the asset value is written on the blockchain and 
the tally is streamlined, if validated. Asset values and 
quantities can be tracked and captured automatically using 
detectors. 

 

Fig. 5. Average time taken to predict target hash at 
different nonce difficulty level. 
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4. CONCLUSION 

           In conclusion, the implementation of blockchain-based 
supply chain management offers a transformative 
opportunity across industries, particularly in sectors like 
food where transparency is crucial. While demonstrating its 
benefits, challenges such as scalability, interoperability, and 
regulatory compliance must be addressed for widespread 
adoption. Future efforts should focus on novel consensus 
mechanisms for scalability, interoperability standards for 
seamless integration, and collaborative regulatory 
frameworks to ensure innovation while maintaining 
compliance. Despite challenges, blockchain technology holds 
immense potential to enhance supply chain efficiency and 
transparency. Addressing scalability, interoperability, and 
regulatory compliance through innovative solutions and 
collaborative efforts will pave the way for a more resilient 
and efficient supply chain ecosystem. By leveraging 
emerging technologies like AI, IoT, and DeFi, we can further 
optimize supply chain operations and unlock new 
opportunities for innovation and value creation. 

5. FUTURE WORK 

         Future research in blockchain-based supply chain 
management should concentrate on integrating IoT devices 
for specific use cases like temperature and humidity 
monitoring, and GPS tracking. Standardizing protocols for 
seamless integration between IoT devices and the 
blockchain network are essential. Additionally, advanced 
analytics techniques such as anomaly detection and 
sentiment analysis can uncover hidden patterns in supply 
chain data, aiding stakeholders in anticipating disruptions 
and optimizing operations. Expanding smart contracts to 
include supply chain finance and payments, along with 
ensuring interoperability with other blockchain networks, 
remains crucial. Collaborating with regulatory bodies to 
address compliance challenges and developing scalability 
solutions are vital for blockchain's widespread adoption in 
supply chain management, fostering efficiency, transparency, 
and innovation globally. 
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