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1. INTRODUCTION

Traceability and transparency are often mistakenly used interchangeably within the realm of
supply chain management, despite their distinct meanings. While these concepts are related,
they serve different purposes. Transparency refers to the overall visibility of the supply chain,
defined as the degree to which all stakeholders possess a common understanding of and
access to the product-related information they seek, without any loss, noise, delay, or
distortion (Hofstede, Beulens, & Spaans-Dijkstra, 2004, p. 290). [4]

On the other hand, traceability pertains to the capacity to obtain detailed information
regarding specific elements within the supply chain. This may involve data about particular
inventory items, processes, or entities such as retailers or wholesalers. According to Pant,
Prakash, and Farooquie (2015),[7] traceability is characterized by the ability to access
product-related records at the upstream stages of the supply chain. More comprehensively,
traceability can be described in terms of the what, how, where, why, and when of the product

as it moves through the supply chain (Aung & Chang, 2014). [1]

Researchers have established a direct connection between traceability and the concepts of
tracking and tracing (Jeppsson & Olsson, 2017; Pizzuti & Mirabelli, 2015; Sarpong,
2014).[5] Tracking involves following a product from its origin to its final destination, while
tracing typically refers to the process of identifying the origin from the endpoint. Hofstede
(2007) identifies three types of transparency, with history transparency being the type that

can be achieved through tracking and tracing. [8]

This work addresses the complexity of global supply chains and the challenges of ensuring
traceability, chain of custody, and transparency across borders. The authors propose using
Blockchain (BC) to manage product traceability and validate identities, with the added use of
digital certificates to connect both Supply Chain Actors (SCASs) and product identifiers. The
system uses off-chain storage solutions like WalliD for storing certificates and data. A Public
Key Infrastructure (PKI) was designed to create and validate certificates, ensuring a chain of
trust. The study follows a Design Science research approach to analyze requirements and
propose a solution for better supply chain traceability. The result includes architectural
artifacts like an Ethereum Smart Contract and PKI-based certificate authentication system,
enabling decentralized and trustworthy traceability for organizations and consumers. The
solution is demonstrated through a real-world food supply chain use case, showcasing how it

ensures provenance, chain of custody, and traceability of food products.




2. BACKGROUND

The use of blockchain for supply chain transparency and traceability is a promising solution,
but it faces several challenges. Here are the key obstacles in the domain:

2.1 Integration with Existing Systems

Many organizations still use legacy systems for supply chain management. Integrating
blockchain  with these outdated systems can be complex, costly, and time-
consuming.Resistance to adopting blockchain may arise due to high upfront costs, technical
complexity, and the need for extensive training.

2.2 Data Privacy Concerns

Blockchain provides transparency by recording every transaction, which can conflict with
privacy requirements, especially for sensitive data. While public blockchains provide
openness, they may not be suitable for businesses that need to protect proprietary or
confidential information. Striking a balance between transparency and privacy is challenging,
especially in regulated industries like pharmaceuticals or food safety.

2.3 Scalability and Speed

Many blockchain networks, particularly public blockchains, struggle with scalability and
speed. Supply chains can generate vast amounts of data that need to be processed in real-
time, which may overwhelm the blockchain’s capacity. If blockchain networks cannot
handle large volumes of transactions quickly, they could delay or fail to deliver the benefits
of real-time traceability.

2.4 Standardization Issues

There is currently no universal standard for implementing blockchain in supply chains.
Different companies and industries may adopt different blockchain platforms, making
interoperability a significant issue.Lack of standardization may limit the ability to create a
unified, cross-industry blockchain system for supply chain transparency, affecting
collaboration between companies and stakeholders.

2.5 Data Input and Accuracy

Blockchain relies on accurate data being inputted at every stage of the supply chain. If
inaccurate or fraudulent data enters the system, it compromises the entire blockchain.
Ensuring that all participants (suppliers, manufacturers, logistics companies, etc.) input
accurate, reliable data is crucial. The process of data verification, or oracles, can be a
potential vulnerability.




2.6 Cost of Implementation

While blockchain promises long-term savings, the initial investment for setting up the
infrastructure, training employees, and testing the technology can be quite expensive.Small to
mid-sized companies may find it difficult to justify the initial costs, slowing down the
widespread adoption of blockchain for supply chain traceability.

2.7 Regulatory and Legal Barriers

The regulatory environment surrounding blockchain is still evolving. Different countries have
varying rules about data storage, financial transactions, and the use of blockchain in business
operations.Companies operating in multiple regions or industries might face challenges in
ensuring compliance with local regulations, delaying or hindering the adoption of blockchain
for supply chain traceability.

2.8 Adoption and Collaboration Across Stakeholders

o Successful supply chain traceability using blockchain requires collaboration among
various stakeholders (suppliers, manufacturers, distributors, and consumers). Getting
all parties to adopt the system and share data transparently can be a significant barrier.

e Resistance from key supply chain participants who see no immediate benefit to
adopting blockchain could impede progress.

2.9 Energy Consumption

e Some blockchain technologies, particularly Proof of Work-based systems, can be
highly energy-intensive. This is a concern for companies seeking to align with
sustainability goals.

e The environmental impact of certain blockchain platforms might be a deterrent for
companies prioritizing sustainability.

2.10 Trust and Perception

o Despite its promise, some businesses still question the security and reliability of
blockchain technology. Many businesses are wary of new technologies due to the risk
of fraud or failure.

o Skepticism around blockchain's capabilities, especially from traditional industries,
may slow the adoption rate and hinder progress toward widespread transparency.

2.11 Complexity of Smart Contracts

Smart contracts, which are used to automate transactions on blockchain networks, can be
complex to design, deploy, and maintain.Errors in smart contract logic or improper
implementation could cause significant issues in the supply chain, especially if the contract is
incorrectly executed or is manipulated.




3. BLOCKCHAIN BASICS

Despite these challenges, blockchain remains a strong candidate for solving supply chain
issues related to transparency and traceability. Overcoming these obstacles will require a
combination of technical innovation, standardization, industry collaboration, and regulatory
clarity.Blockchain technology is a decentralized, distributed ledger system that allows data to
be securely stored and verified across multiple participants without the need for a central
authority. It is most commonly associated with cryptocurrencies like Bitcoin, but its
applications go far beyond that, including supply chain management, healthcare, and voting
systems. Below are the key concepts related to blockchain:[6]

3.1 Decentralization

In a decentralized system, there is no single central authority or intermediary
controlling the network. Instead, control is distributed across a network of participants
(often called nodes). Each participant has a copy of the entire blockchain and can
contribute to its maintenance and validation.

Decentralization ensures that no single entity has full control over the data, making it
more resilient to fraud, attacks, or manipulation. Every participant can independently
verify the information stored in the blockchain, promoting trust among users without
relying on a trusted third party.

3.2 Immutability

Immutability means that once data is recorded in the blockchain, it cannot be altered
or deleted. Every transaction or piece of information added to the blockchain is
cryptographically linked to previous blocks, creating a chain of records that cannot be
changed without disrupting the entire structure.

This feature makes blockchain highly secure and reliable for storing important data.
For example, in supply chains, once a product’s transaction or provenance is logged
on the blockchain, it becomes permanent and verifiable. This ensures the integrity of
data and helps prevent fraud, errors, or tampering.

3.3 Smart Contracts

Smart contracts are self-executing contracts with the terms of the agreement directly
written into code. These contracts automatically execute actions (e.g., transferring
ownership, releasing payment) when predefined conditions are met.

Smart contracts remove the need for intermediaries, streamline processes, and ensure
that transactions occur automatically without human intervention. For example, in a
supply chain scenario, a smart contract could automatically release payment to a
supplier once goods have been delivered and verified as meeting the agreed-upon
specifications.




3.4 Key Components of Blockchain

1.

Blocks: A block is a collection of data, including a list of transactions or records, a
timestamp, and a reference (hash) to the previous block. This creates a linked chain of
blocks, which is why it’s called a "blockchain."[9]

Hashing: Hashing is a cryptographic process used to secure data. Each block in the
blockchain has a unique hash, a fixed-length string of characters that represents the
data in the block. If even a single character in the block changes, the hash will change,
making any tampering detectable.

Consensus Mechanisms: Consensus algorithms (such as Proof of Work, Proof of
Stake) are used to agree upon the validity of transactions. These mechanisms ensure
that all participants in the blockchain network agree on the current state of the ledger
without requiring a central authority.

o Proof of Work (PoW): In PoW, miners solve complex mathematical puzzles
to validate transactions and add them to the blockchain. Bitcoin uses this
method.

o Proof of Stake (PoS): In PoS, participants (validators) are chosen to validate
transactions based on the amount of cryptocurrency they hold or “stake.”
Ethereum plans to transition from PoW to PoS.

Nodes: Nodes are individual computers or devices that participate in the blockchain
network. Some nodes store the entire blockchain, while others may just store a copy
of the most recent transactions. Nodes validate and propagate transactions, ensuring
the integrity and security of the system.

Public and Private Keys: In blockchain networks, each participant has a pair of
cryptographic keys: a public key (like an account number) and a private key (like a
password). Public keys are used to receive transactions, while private keys are used to
sign transactions and prove ownership.

3.5 Key Advantages of Blockchain Technology

1.

Security: Blockchain uses advanced cryptography and consensus mechanisms to
ensure that data is securely stored and transmitted. This makes it difficult for hackers
to alter or falsify information.

Transparency: All transactions on a blockchain are visible to all participants. While
privacy can be maintained, the data itself is open for verification, which can enhance
trust among users.

Efficiency: Blockchain removes intermediaries, reducing transaction costs and delays.
Smart contracts automate processes, leading to faster and more efficient transactions.
Resilience: Because there is no single point of failure in a decentralized blockchain, it
is highly resistant to hacks or system failures. Even if some nodes go offline, the
network can continue to function.




3.6 Use Cases of Blockchain Beyond Cryptocurrencies

e Supply Chain: Blockchain can track the provenance of goods, ensuring that products
are sourced ethically and reducing fraud.

o Healthcare: Blockchain can securely store patient records, making it easier for
healthcare providers to access and share data while maintaining privacy.

e Voting: Blockchain-based voting systems can help prevent voter fraud and ensure
transparency and accuracy in elections.

o Financial Services: Blockchain can streamline payments, cross-border transactions,
and reduce fraud in banking and insurance.




4. USE CASE OVERVIEW

Supply chain management is critical in ensuring the timely and accurate flow of goods and
services, and its complexity increases as goods move through various stages—manufacturers,
distributors, retailers, and consumers. Ensuring transparency and traceability within this
network is often a challenge due to the opacity of traditional systems, lack of real-time data,
and susceptibility to fraud and errors. Blockchain technology, with its inherent qualities of
decentralization, immutability, and security, can address many of these challenges.[10]

This use case focuses on leveraging blockchain to enhance Supply chain transparency and
traceability, allowing businesses and consumers to have real-time visibility into the journey
of products from origin to end-use.

4.1 Objectives
The main objectives of using blockchain for supply chain transparency and traceability are:

1. Enhanced Transparency: Allow all stakeholders (manufacturers, suppliers,
distributors, retailers, and consumers) to access immutable, real-time information
about the movement and origin of products at each step of the supply chain.

2. Provenance Tracking: Ensure that all product details—such as source, production
methods, certifications, and transport history—are documented in an immutable
ledger to confirm authenticity and quality.

3. Improved Trust: Blockchain’s decentralized nature ensures that no single party can
manipulate the data. This instills greater trust among participants in the supply chain,
including consumers.

4. Reduction of Fraud and Errors: By recording transactions and movement data on
the blockchain, the likelihood of fraud, counterfeiting, or mistakes in inventory
management can be significantly reduced.

5. Efficiency in Transactions: Smart contracts can automate processes such as
payments, quality checks, and compliance validation, reducing delays and
administrative overhead.

6. Sustainability and Compliance: Provide consumers and regulators with clear,
auditable records of compliance with environmental, labor, and sustainability
standards.

4.2 Scope

The scope of the use case covers a wide range of industries, but for simplicity, we’ll focus on
a generic supply chain model that involves multiple stakeholders, including manufacturers,
suppliers, distributors, and retailers. Key components include:

e Product Lifecycle Documentation: From raw material sourcing to production,
transportation, and sale.

e Supply Chain Participants: All parties involved in the production, transportation,
and sale of products.




e Smart Contracts: Automating agreements and actions between stakeholders.
o Real-Time Tracking: Continuous monitoring and logging of goods and services as
they move across the supply chain.

4.3 Stakeholders Involved:

The blockchain-based supply chain management system integrates 10T, cloud computing,
and smart contracts to enhance transparency and efficiency. It ensures secure transactions
and real-time tracking from suppliers to consumers, improving provenance tracking and
preventing counterfeit goods as shown in Fig 4.1: Blockchain in supply chain
management.[12]

Smart contracts automate key processes such as payment settlements, quality verification,
and fraud prevention by executing predefined conditions. This reduces human errors,
delays, and inefficiencies. Additionally, auditability and compliance improve as
blockchain provides an immutable record, ensuring regulatory adherence.

Real-time data analytics and automated demand forecasting help businesses optimize
inventory, reduce waste, and meet customer demands efficiently. Near-instant payments
streamline financial transactions, enhancing cash flow. Food safety and product
authentication further benefit from blockchain’s transparency, ensuring quality control.

By enhancing security, automation, and trust, blockchain revolutionizes supply chain
management, enabling sustainable and ethical business practices while improving
efficiency, reducing fraud, and fostering consumer confidence in global trade.
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e Suppliers: Provide raw materials or components for production.

e Manufacturers: Transform raw materials into finished goods.

o Logistics Providers: Manage the transportation and storage of goods.

o Retailers: Sell the goods to consumers.

e Consumers: End-users who receive and purchase the products.

e Regulators: Ensure compliance with industry standards and regulations (e.g., FDA,
ISO).

4.4 Architecture

The architecture for supply chain transparency and traceability using blockchain involves
multiple layers and components. Below is a breakdown of the system architecture as shown
in Fig 4.2.

A. Blockchain Layer

At the heart of the system is the blockchain, which stores and validates all transaction data.
The blockchain operates in a decentralized manner and can be either public or permissioned,
depending on the level of privacy and access control required.

1. Blockchain Network:

o A permissioned blockchain (e.g., Hyperledger Fabric, Corda) is typically
used in a supply chain setting to control who can access the blockchain.

o Each participant (supplier, manufacturer, retailer, etc.) is a node in the
network, holding a copy of the blockchain and contributing to its consensus
mechanism.

2. Immutability and Transparency:

o Each transaction (e.g., shipment, production, inspection) is recorded as a block
in the chain, with each block containing data like time-stamps, transaction
details, and a hash that links it to the previous block.

o Once recorded, data cannot be altered, ensuring transparency and auditability.

B. Data Input Layer
This layer collects, validates, and inputs data into the blockchain.

1. Sensors and IoT Devices:

o Internet of Things (IoT) devices such as RFID tags, GPS trackers, and
temperature sensors monitor products and record real-time data (e.g., location,
environmental conditions, handling) into the blockchain. This ensures accurate
traceability from the source to the end consumer.

2. Manual Input:

o Users (e.g., warehouse staff, factory workers) can manually input data related
to production, packaging, or certifications (e.g., sustainability or quality
standards) via secure applications connected to the blockchain network.




3. Smart Devices for Validation:
o Cameras, scanning devices, and other automated systems can verify the
identity of goods and trigger the recording of specific data on the blockchain
(e.g., product passed inspection).

C. Smart Contract Layer

Smart contracts automate the execution of agreements between supply chain participants.
They are self-executing contracts with predefined rules coded into them. In this context:

Automated Actions:

e When certain conditions are met (e.g., goods arrive at a warehouse), a smart contract
can trigger an automated payment to the supplier or an action such as shipping goods
to the next location.

Dispute Resolution:

e Smart contracts can also automatically enforce dispute resolution processes in the
event of a breach of contract (e.g., if delivery is delayed beyond an acceptable time
limit).

D. User Interface Layer

This layer consists of interfaces that supply chain participants use to interact with the
blockchain network:

Dashboard:
o Stakeholders have access to a customizable dashboard that displays relevant
information in real-time (e.g., product origin, certifications, location).
e The dashboard would use API gateways to fetch and display data stored on
the blockchain.

Mobile Apps:
e Mobile apps for suppliers, manufacturers, and consumers allow easy access to
supply chain data. Consumers can verify product authenticity by scanning QR
codes linked to the blockchain.

Notifications:
Stakeholders are notified of important milestones, such as product arrivals or
pending actions (e.g., payment due).

E. Integration with External Systems
While the blockchain network handles transaction recording and verification, it often needs to
integrate with external systems for broader functionality:

10




Enterprise Resource Planning (ERP) Systems:

o Blockchain can be integrated with existing ERP systems to synchronize
business processes, such as inventory management, procurement, and sales.

Regulatory Compliance Tools:

o Data stored on the blockchain can be used for regulatory audits, ensuring that

the entire supply chain adheres to required laws and standards.

USER INTERFACE LAYER

Supplier APP (Track
Orders,Input Data)

Consumer
APP(Verify Product

|

1

Manufacturer Dashboard
(View Production Data
,Monitor Inventory

Retailer Dashboard(View
Shipment ,Product
Hostory

}

BLOCKCHAIN LAYER
1. Blockchain N/W (Decentrlized Ledger)
2. Nodes (Manufacturers,Suppliers,Distributors)
3. Smart Contracts (Automated Agreements)

|

DATAINPUT LAYER
1. 10T Devices(Track Temperature, Location, Condition)
2. Manual Input(Product Info, Certifications)

N =

EXTERNAL SYSTEM INTEGRATION

ERP Systems(Inventory,Procurement)
Regulatory Compliance (Audits,Certifications)

Fig. 4.2: Supply Chain Transparency and Traceability
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4.5 Security and Privacy

Given the sensitive nature of the data, cryptographic security plays a significant role in
safeguarding the system:

o Encryption: Data stored on the blockchain is encrypted, ensuring that only authorized
parties can access it.

o Access Control: Permissioned blockchains allow for fine-grained access control,
ensuring only authorized users can validate or access specific data.

o Auditability: All changes to the blockchain are recorded, providing an immutable
audit trail.

4.6 Benefits

e Enhanced Transparency: Consumers and businesses can access verified and
transparent data about products.

e Fraud Reduction: Immutability and real-time data reduce the risk of fraud and
counterfeiting.

o Efficiency: Automated processes using smart contracts minimize human error and
administrative overhead.

o Real-time Tracking: Businesses can track products in real-time, improving logistics
and inventory management.

12




5. IMPLEMENTATION

5.1 Define the Supply Chain Workflow:

Identify stakeholders: Manufacturers, Suppliers, Distributors, Retailers, Consumers.
Determine what data will be stored: Product 1D, Origin, Timestamp, Ownership,
Quality Checks.

Define key operations: Product Registration, Ownership Transfer, Verification.

5.2 Choose the Blockchain Type:

Private Blockchain (Hyperledger, Quorum): Faster, controlled access, for internal
business use.

Hybrid Blockchain (Ethereum, VVeChain): Public verification while keeping sensitive
data private.

Public Blockchain (Ethereum, Polygon): Fully transparent but higher transaction
costs.

5.3 Design Smart Contracts for the Supply Chain

Smart contracts will automate:

Product Registration:

Manufacturers register each product on the blockchain, generating an immutable and
tamper-proof digital record. This record contains essential details such as origin,
production date, batch number, supplier information, and quality certifications. By
ensuring that these records cannot be altered or manipulated, blockchain prevents
counterfeiting and unauthorized modifications, enhancing supply chain transparency
and compliance.

Ownership Transfer and Verification:

As a product moves from supplier to manufacturer, distributor, retailer, and finally to
the customer, a smart contract verifies authenticity at each stage before executing the
transfer. The contract ensures that only genuine, verified goods progress through the
supply chain, eliminating fraud, gray markets, and unauthorized reselling.
Additionally, automated timestamped records provide stakeholders with real-time
tracking and accountability.

Condition Tracking for Quality Assurance:

IoT sensors embedded in products or storage facilities continuously monitor
environmental conditions such as temperature, humidity, and handling status. These
readings are securely logged on the blockchain and trigger alerts if safety thresholds
are breached. This is particularly crucial in industries like pharmaceuticals, food
supply chains, and luxury goods, where storage conditions directly impact product
quality and compliance.

Customer Verification and Consumer Trust:

Customers can scan a QR code or NFC tag on the product to access its entire supply
chain history, including manufacturing details, transit records, and authenticity
verification. This feature empowers consumers to make informed purchasing
decisions, combats counterfeit goods, and enhances brand credibility. Retailers can
also utilize this system to verify product authenticity before stocking, ensuring
regulatory compliance.

13




e By integrating blockchain, 10T, and smart contracts, businesses can create a
transparent, fraud-resistant, and consumer-friendly supply chain ecosystem that
enhances trust, efficiency, and security across industries.

5.4 Develop & Deploy Smart Contracts
Example Solidity Code for Supply Chain Tracking:
/I SPDX-License-ldentifier: MIT

pragma solidity ~0.8.0;
contract SupplyChain {
struct Product {

string name;

string origin;

uint timestamp;

address owner;

¥

mapping(uint => Product) public products;

uint public productCount;

event ProductRegistered(uint productld, string name, string origin, address owner);

event OwnershipTransferred(uint productld, address oldOwner, address newOwner);

function registerProduct(string memory _name, string memory _origin) public {
productCount++;
products[productCount] = Product(_name, _origin, block.timestamp, msg.sender);
emit ProductRegistered(productCount, _name, _origin, msg.sender);

}

function transferOwnership(uint _productld, address _newOwner) public {
require(products[_productld].owner == msg.sender, "Only owner can transfer");
address oldOwner = products[_productld].owner;
products[_productld].owner = _newOwner;

emit OwnershipTransferred(_productld, oldOwner, _newOwner);

}r

14




5.5 Integrate 10T & QR Code for Real-Time Tracking:

0T Sensors for Real-Time Tracking:
0T sensors monitor temperature, humidity, GPS location, and handling conditions
throughout the supply chain. These readings are automatically recorded on the
blockchain, ensuring transparency and preventing data tampering. If storage
conditions deviate from safe limits, alerts are triggered to prevent damage or fraud.
This is crucial for industries like pharmaceuticals, food, and luxury goods where
product integrity is essential.

QR Code-Based Product Verification:
Each product is assigned a unique QR code or NFC tag linked to its blockchain
record. Consumers can scan this code using a smartphone to access details like
manufacturer information, production date, and supply chain history. This helps
verify product authenticity, prevent counterfeiting, and build consumer trust.
Businesses also benefit from real-time inventory tracking and fraud prevention,
ensuring only genuine products reach the market.

5.6 Frontend & Web3 Integration:

e Use React.js/Next.js for the UI.
e Use Web3.js or Ethers.js to interact with smart contracts.
e Metamask for wallet-based authentication.

5.7 Test the Smart Contracts:

e Deploy on Ganache (Local Ethereum Blockchain) for testing.
e Perform unit tests with Truffle or Hardhat.
e Check for vulnerabilities using Slither (Solidity analyzer).

5.8 Deploy on a Blockchain Network

e Deploy on Ethereum (Mainnet or Testnet like Goerli, Sepolia).
e Use IPFS (InterPlanetary File System) for decentralized data storage.

5.9 Monitor & Maintain the System

e Use Chainlink oracles for external data verification.
e Implement event logging & real-time monitoring.
e Regularly update smart contracts to improve security.

5.10 Ensure Compliance & Scalability

e Align with GDPR, food safety, ethical sourcing regulations.
e Optimize gas fees using Layer 2 solutions (Polygon, Optimism).
e Scale using sidechains or sharding for enterprise adoption.

By implementing blockchain smart contracts, supply chains become fully transparent, fraud-
proof, and efficient.

15




6. BENEFITS

Using blockchain for supply chain transparency and traceability provides several significant
advantages, including:

6.1 Enhanced Transparency
o Real-time tracking: Blockchain enables stakeholders to view the status of goods in
real-time, which ensures that everyone in the supply chain has access to the same
information.
e Immutable records: Transactions recorded on the blockchain are permanent and
tamper-proof, which builds trust among stakeholders and consumers. Once data is
entered, it cannot be altered, ensuring accuracy and transparency.

6.2 Improved Traceability
e End-to-end tracking: Blockchain allows for the tracking of products from raw
material to finished goods. This traceability can help in verifying the origins of
products and any potential issues that may arise along the supply chain.
e Auditability: Blockchain provides a clear and verifiable audit trail, which makes it
easier to track the movement of goods, detect fraud, and identify inefficiencies or
bottlenecks in the supply chain.

6.3 Enhanced Security
o Cryptographic protection: Blockchain uses encryption techniques to protect data,
making it extremely secure. This reduces the risk of data tampering or unauthorized
access, ensuring the integrity of the information.
o Distributed ledger: The decentralized nature of blockchain means there’s no central
point of failure, reducing the risk of cyber-attacks or system malfunctions that could
disrupt supply chain operations.

6.4 Reduced Fraud and Counterfeiting
e Blockchain’s transparency and immutability reduce the opportunities for fraud and the
introduction of counterfeit goods into the supply chain. Each participant in the chain
can verify the authenticity and origin of products, making it easier to prevent
fraudulent claims or illegal activities.

6.5 Better Collaboration
e Shared visibility: Since all participants in the supply chain have access to the same
data on the blockchain, it encourages collaboration and sharing of information in real-
time, leading to better coordination and decision-making.
e Smart contracts: Blockchain-enabled smart contracts can automate certain tasks like
payments, approvals, or shipment releases, reducing human intervention and ensuring
that all conditions are met before proceeding to the next step.

16




6.6 Increased Efficiency

o Streamlined processes: Blockchain reduces the need for intermediaries and paper-
based processes, speeding up transactions and reducing administrative costs. For
example, verification and record-keeping are automated.

o Faster transactions: By automating approvals, payments, and information sharing,
blockchain accelerates the flow of goods and payments across the supply chain,
leading to faster and more efficient operations.

6.7 Improved Compliance and Regulatory Reporting

o Data accuracy: Blockchain’s ability to track each step in the supply chain and ensure
accurate data makes it easier for companies to comply with regulatory requirements,
such as ensuring product safety, ethical sourcing, or environmental standards.

o Easier auditing: Auditing is simplified because the data is transparent, consistent,
and easily accessible. Compliance with industry standards and regulations becomes
more streamlined and efficient.

6.8 Consumer Trust and Loyalty

e Transparency of sourcing: Consumers increasingly demand to know where products
come from and whether they are ethically sourced. Blockchain enables brands to
provide verifiable proof of product origins and ethical practices, fostering greater
consumer trust.

e Product verification: Consumers can easily verify the authenticity of products,
reducing the chances of purchasing counterfeit or substandard goods. This can
enhance customer loyalty and satisfaction.

6.9 Cost Savings

e Reduced paperwork and intermediaries: By reducing the reliance on
intermediaries and manual processes, companies can cut down on administrative
costs, paperwork, and the potential for errors.

e« Minimized fraud costs: Blockchain’s ability to prevent fraud and reduce
counterfeiting also leads to cost savings by preventing losses due to deceptive
practices.

6.10 Sustainability

e Environmental impact tracking: Blockchain can track a product’s environmental
impact throughout its lifecycle, from sourcing to disposal, providing consumers and
companies with information to make more sustainable choices.

e Reduction in waste: Real-time tracking allows for better demand forecasting and
inventory management, which can help minimize overproduction and waste.
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7. CHALLENGES

While blockchain offers numerous benefits for supply chain transparency and traceability,
there are also several challenges and limitations that organizations may face when adopting
this technology. These include:

7.1 Scalability Issues

Transaction speed: Blockchain networks, particularly public ones like Ethereum, can
experience slow transaction speeds when the volume of data and participants
increases. This can cause delays, especially in large-scale supply chains with high
transaction volumes.

Network congestion: As more entities join the blockchain, the system may become
congested, impacting efficiency and increasing the time it takes for information to be
validated and processed.

7.2 High Initial Costs

Implementation expenses: Setting up a blockchain-based supply chain system
requires significant investment in technology infrastructure, software, and expertise.
For small or mid-sized businesses, this could be a considerable financial barrier.
Integration with legacy systems: Many companies already have established systems
for tracking and managing their supply chain. Integrating blockchain with these
legacy systems can be costly and technically challenging.

7.3 Data Privacy Concerns

Sensitive information exposure: While blockchain offers transparency, this can also
present privacy challenges. For example, sharing certain business-sensitive
information, such as pricing, trade secrets, or proprietary data, may not be desirable
on a public blockchain.

Control over data access: Deciding who has access to what information and
ensuring the right level of permissioning can be complex. This is especially important
when sensitive data is involved or when the supply chain spans multiple countries
with varying data protection regulations.

7.4 Adoption and Standardization Challenges

Lack of uniform standards: There is no single global standard for blockchain in
supply chains. The absence of standardized protocols can make it difficult to achieve
interoperability across different blockchain systems and with different stakeholders in
the supply chain.

Resistance to change: Companies may be hesitant to adopt blockchain technology
due to a lack of understanding, fear of disruption to existing operations, or resistance
from stakeholders who are not convinced of its benefits. Small suppliers, in particular,
may be reluctant to invest in new technologies.
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7.5 Complexity in Data Entry and Maintenance

e Human error: Blockchain relies on accurate data input from all participants in the
supply chain. If data entered into the system is incorrect or incomplete, it could
compromise the integrity of the entire blockchain, leading to inaccurate records.

e Maintenance of data quality: Ensuring that data remains accurate and up to date
across all participants can be challenging. For example, manufacturers, suppliers, and
logistics providers must all update their records consistently to avoid discrepancies.

7.6 Regulatory and Legal Challenges

o Legal acceptance: The use of blockchain in supply chains may encounter regulatory
obstacles. Some jurisdictions may not recognize blockchain transactions or may
impose additional legal requirements for using blockchain in business operations.

o Compliance with regulations: Compliance with various global standards (such as
GDPR, data protection laws, and industry-specific regulations) is critical.
Blockchain’s immutable nature could conflict with certain regulations, such as the
right to be forgotten (as stipulated in the GDPR).

7.7 Energy Consumption

e Environmental impact of blockchain: Some blockchain systems, particularly those
using Proof of Work (PoW) consensus mechanisms (like Bitcoin), are highly energy-
intensive. If adopted on a large scale for supply chain management, these systems
could contribute significantly to carbon emissions.

e Sustainability concerns: The environmental costs of blockchain implementation,
particularly in large supply chains, can undermine the sustainability goals that many
companies are striving to achieve.

7.8 Interoperability Issues

o Different blockchain platforms: There are several blockchain platforms available,
such as Ethereum, Hyperledger, and others. Ensuring that these different platforms
can communicate and share data seamlessly is a significant challenge for companies
with global supply chains.

o Compatibility with existing systems: Integrating blockchain with existing enterprise
resource planning (ERP) systems and other supply chain management software can be
complex and require specialized development.

7.9. Lack of Skills and Expertise
e Shortage of skilled workforce: The implementation and management of blockchain-
based systems require specialized knowledge. The shortage of skilled blockchain
developers, as well as professionals who understand both supply chain management
and blockchain technology, can slow down adoption.
e Training needs: Businesses will need to invest in training their employees and
partners to use and maintain blockchain systems effectively.
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7.10 Privacy and Public vs. Private Blockchain

Public vs. private blockchain: Public blockchains offer full transparency, which can
conflict with the need for certain private or sensitive information to remain
confidential. While private blockchains can mitigate this, they reduce the level of
decentralization and trustless nature that public blockchains provide.

Balancing privacy with transparency: Finding a balance between maintaining
privacy and ensuring transparency is challenging, particularly for businesses that want
to protect their intellectual property and other sensitive data.

7.11 Network and System Downtime

Reliability of blockchain networks: Although blockchain is decentralized, network
outages or disruptions in the blockchain infrastructure can impact supply chain
operations. Companies must ensure that the blockchain network they use is highly
reliable and resilient to avoid interruptions.

Smart contract failures: Blockchain systems often use smart contracts to automate
processes. If there are bugs or errors in the smart contract code, this could cause
unintended consequences, delays, or financial losses.

7.12 Adoption by All Stakeholders

Full network participation: For blockchain to be effective in supply chain
transparency, it requires buy-in from all parties involved. If any participant refuses to
adopt blockchain technology, it can undermine the entire system.

Diverse supply chain actors: A supply chain typically involves a mix of small and
large suppliers, manufacturers, and distributors, each with varying degrees of
technical capability. Convincing all these entities to adopt blockchain and maintain
the necessary systems may be challenging.
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8. CONCLUSION

Blockchain technology has the potential to revolutionize industries by providing secure,
transparent, and efficient transaction records through decentralization, immutability, and
smart contracts. In supply chains, blockchain enhances transparency, traceability, and
security, reducing reliance on intermediaries and increasing trust. While adopting blockchain
in supply chains requires initial investment and collaboration, it offers long-term benefits like
fraud reduction, improved efficiency, and increased customer trust. However, challenges like
scalability, costs, data privacy, and legal acceptance must be addressed through industry
collaboration, infrastructure investment, and new standards. Additionally, blockchain
supports SDG 4 (Quality Education) by promoting equitable access to educational resources,

fostering skill development, and ensuring the integrity of the education system.
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9. SDG’s ADDRESSED

Using blockchain for supply chain transparency and traceability can help address several of
the United Nations Sustainable Development Goals (SDGs) by improving the efficiency,
accountability, and sustainability of global supply chains. Below are the UN SDGs that block
chain technology can support, along with justifications for each.

1. SDG 1: No Poverty

Justification : Blockchain can ensure fair wages and equitable distribution of resources
across the supply chain, especially for small-scale farmers or workers in developing
countries. Through traceable payments and fair trade practices, blockchain helps reduce
poverty.

3. SDG 8: Decent Work and Economic Growth

Justification : By using blockchain, companies can enforce labor rights, track the supply of
goods, and ensure that workers are not exploited or subject to unfair practices. Transparency
in working conditions and wages is a key benefit.

SDG 9: Industry, Innovation, and Infrastructure

Justification : Blockchain improves supply chain resilience by ensuring real-time tracking
and secure data sharing. It reduces inefficiencies, prevents counterfeiting, and automates
processes through smart contracts, promoting industrial innovation and reliable infrastructure.

SDG 12: Responsible Consumption and Production
Justification : Blockchain enables companies to track product lifecycle stages, from

production to disposal, allowing for sustainable production practices. It helps eliminate waste
and improve resource efficiency, promoting circular economy principles.

SDG 16: Peace, Justice, and Strong Institutions

Justification : Blockchain’s transparency and immutability features can be used to create
tamper-proof systems for auditing transactions, ensuring that companies adhere to legal and
ethical standards in their supply chains. This is critical in combating corruption and ensuring
fairness.

SDG 17: Partnerships for the Goals

Justification : Blockchain fosters global collaboration by creating a decentralized,
transparent network where governments, companies, and NGOs can securely share supply
chain data. It builds trust and accountability in international trade and sustainability efforts.
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