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ABSTRACT

Blockchain technology has emerged as a transformative solution for enhancing
transparency, efficiency, and trust in agricultural supply chain management systems.
By leveraging decentralized and immutable ledgers, blockchain addresses critical
challenges such as traceability, fraud, and inefficiencies across the supply chain. In
agriculture, it enables real-time monitoring of produce from farm to fork, ensuring the
authenticity and quality of products while minimizing waste and delays. Smart
contracts automate transactions, streamline payments, and enforce compliance with
contractual terms, reducing dependence on intermediaries. Blockchain's capacity for
secure and transparent data sharing enhances collaboration among farmers,
distributors, retailers, and consumers, fostering a fair and sustainable ecosystem.
Moreover, its integration with 10T devices enables precise tracking of environmental
conditions, ensuring optimal storage and transport conditions for perishable goods. By
enabling end-to-end traceability, blockchain empowers consumers with verifiable
information about product origin and production methods, enhancing confidence in
food safety and ethical sourcing. Governments and regulators also benefit from
improved oversight of agricultural practices and compliance with standards. This
thesis explores the design and implementation of a blockchain-based supply chain
management system tailored for agriculture, highlighting its potential to revolutionize
the industry by promoting efficiency, reducing costs, and building trust among
stakeholders.

Key Words: Blockchain Technology, Supply Chain Management, Efficiency,

Transparency, Authenticity.
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CHAPTER 1
INTRODUCTION

1.1 Introduction

The agriculture sector, a cornerstone of global sustainability, faces persistent challenges
such as inefficiencies, lack of transparency, and trust deficits across its supply chain.
Traditional systems, often reliant on centralized and manual processes, struggle to
provide the traceability, accountability, and efficiency demanded by modern consumers
and stakeholders. These shortcomings contribute to economic losses, resource wastage,
and compromised product quality, undermining efforts toward a sustainable agricultural

future.

Blockchain technology, with its decentralized and tamper-proof architecture, offers a
transformative approach to reimagining agricultural supply chains. By integrating
blockchain with 10T devices and smart contracts, it is possible to create a system that
ensures end-to-end traceability, real-time monitoring, and automated workflows. This
innovative framework not only addresses operational inefficiencies but also fosters trust
among farmers, distributors, retailers, and consumers by providing a transparent,

immutable record of transactions.

This project aims to develop a blockchain-based supply chain management system
tailored for agriculture, ensuring transparency, efficiency, and equity. By leveraging
cutting-edge technologies, the proposed solution seeks to empower stakeholders,

minimize wastage, and establish a robust, sustainable model for the future of agriculture.

1.2 Problem Statement

The agricultural supply chain is a critical infrastructure that supports the livelihood of
millions of farmers and feeds billions of people globally. However, this sector faces
numerous challenges, including inefficiencies, lack of transparency, and trust issues

among stakeholders. Traditional supply chain systems rely on centralized models that

© Daffodil International University 1



are prone to data manipulation, fraud, and mismanagement. These limitations often

result in substantial economic losses, wastage of resources, and a lack of accountability.

In agriculture, stakeholders such as farmers, distributors, retailers, and consumers
demand a system that ensures the traceability and authenticity of produce while
minimizing losses and fostering trust. However, the existing systems lack the ability to
provide end-to-end visibility and reliable mechanisms for automating critical operations

like payments, quality assurance, and compliance tracking.

Key lIssues:

Lack of Transparency: Current supply chains operate with limited visibility across
different stages, making it difficult for stakeholders to trace the journey of agricultural

products from farm to consumer.

Data Tampering and Fraud: Centralized databases are vulnerable to unauthorized

alterations, leading to mistrust and reduced confidence among stakeholders.

Inefficiencies in Operations: Manual processes, redundant paperwork, and

miscommunication often delay operations and increase costs.

Product Loss and Quality Degradation: Poor handling and storage conditions, often
undetected in real time, result in significant losses and compromised quality of
agricultural produce.

Limited Farmer Empowerment: Farmers, often at the bottom of the supply chain

hierarchy, lack direct access to market insights and fair pricing mechanisms.
Regulatory Compliance Challenges: Meeting standards and maintaining records for

compliance is time-consuming and error-prone, especially for small-scale farmers and

distributors.
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1.3 Motivation

Agriculture is the backbone of the global economy, yet inefficiencies and lack of
transparency in its supply chain hinder progress. With increasing consumer demand for
traceability and quality assurance, and farmers seeking fairer access to markets, there is
a pressing need for innovation. Blockchain technology, combined with 10T and smart
contracts, offers a unique opportunity to transform the agricultural supply chain into a
transparent, efficient, and equitable system. This project is driven by the vision of
empowering stakeholders, reducing losses, and creating a sustainable framework that

addresses both economic and social challenges in agriculture.

1.4 Objective

The objective of this project is to design and implement a blockchain-based supply
chain management system for agriculture that ensures transparency, trust, and
efficiency. By leveraging blockchain for secure and immutable record-keeping, 10T
devices for real-time monitoring, and smart contracts for automated operations, the
system aims to address inefficiencies, reduce fraud, and empower farmers. The project
seeks to create a scalable framework that enhances traceability, minimizes wastage,
simplifies compliance, and ultimately benefits all stakeholders in the agricultural

ecosystem.

1.5 Research Questions

« How can blockchain technology improve transparency and traceability in
agricultural supply chains?
« What role do 10T devices play in enhancing real-time monitoring and ensuring the
quality of agricultural products during transportation and storage?
» How can smart contracts automate key supply chain processes, such as payments,
quality checks, and compliance reporting?
 What are the potential economic and operational impacts of implementing a

blockchain-based system for small-scale farmers and other stakeholders?
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« What challenges might arise in integrating blockchain technology with existing

agricultural supply chain systems, and how can they be addressed?

1.6 Expected Outcome
The project aims to deliver a blockchain-based supply chain management system for
agriculture that ensures transparency, trust, and efficiency. Key outcomes include:

Enhanced Traceability: Stakeholders can track the journey of agricultural produce

from farm to consumer in real-time.

Improved Trust: Immutable records and transparency foster confidence among

farmers, distributors, retailers, and consumers.

Operational Efficiency: Automation through smart contracts reduces manual

processes, delays, and errors.

Farmer Empowerment: Farmers gain fair pricing and direct access to market

insights.

Reduced Losses: loT-enabled monitoring minimizes wastage due to poor storage or

transport conditions.

This system is expected to revolutionize agricultural supply chains by creating a

sustainable, equitable, and efficient ecosystem for all stakeholders.
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CHAPTER 2
LITERATURE REVIEW

2.1 Literature Review

The integration of blockchain technology in supply chain management has gained
significant attention in recent years, particularly in agriculture. This section reviews key

research contributions that form the foundation of this project.

According to studies like Tripathi et al. (2020), there are a number of inefficiencies in
agricultural supply chains, such as a lack of transparency, large losses from improper
handling, and stakeholder distrust. In order to increase operational effectiveness and
guarantee equity, these problems have prompted research into blockchain-based
solutions [1]. By guaranteeing transaction transparency, Saberi et al. (2019) shown how
blockchain's decentralized and unchangeable ledger improves confidence. In
agriculture, where product authenticity and provenance are essential for both customer
trust and legal compliance, this is particularly important [2]. The transformational
potential of 10T in agriculture was highlighted by Kamilaris et al. (2018), who noted
that it allows for real-time monitoring of variables including temperature, humidity, and
transportation conditions. Combining blockchain technology with 10T guarantees the
safe and unchangeable storage of this data, promoting better traceability and decision-
making [3]. Christidis and Devetsikiotis (2016) investigated how smart contracts may
automate a number of supply chain operations, such as payments, quality control, and
legal compliance. According to their results, smart contracts promote efficiency and
trust by lowering human error, speeding up processes, and doing away with middlemen
[4]. Tian (2016) looked at the use of blockchain technology in food traceability and
demonstrated how it may improve the security and legitimacy of food items. The study
showed how blockchain may reduce fraud and give customers trustworthy information

about the provenance of products and their conditions while in transit [5].
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The sustainability advantages of blockchain, such as less resource waste and enhanced
supply chain coordination, were emphasised by Kouhizadeh and Sarkis (2018). These
results are consistent with contemporary farming methods that seek to minimise losses
and promote environmentally friendly operations [6]. Blockchain adoption for
agriculture may face several obstacles, such as high implementation costs, a lack of
technical know-how, and opposition from conventional stakeholders, according to
studies like those by Janssen et al. (2020). For adoption to be widely accepted, these
obstacles must be removed [7]. IBM’s Food Trust also offers insightful information
about the development and implementation of blockchain technologies suited for the
agricultural industry [8]. Blockchain technology's feasibility in supply chain
management has been shown by real-world applications like Walmart's blockchain-

based food safety program [9].

This literature review underscores the potential of blockchain technology to
revolutionize the agricultural supply chain by addressing existing inefficiencies and
fostering trust. The insights derived from previous research provide a strong foundation
for developing a blockchain-based solution that integrates 10T and smart contracts to

ensure transparency, automation, and sustainability.
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CHAPTER 3

RESEARCH METHODOLOGY

3.1 SystemOverview

The proposed system leverages blockchain technology to create a transparent, secure,
and efficient supply chain management framework for agriculture. It integrates three

core components:

Blockchain Network:
A decentralized ledger records all transactions and activities across the supply chain,

ensuring data immutability and fostering trust among stakeholders.

0T Integration:
loT devices monitor real-time conditions such as temperature, humidity, and

transportation status. This data is securely uploaded to the blockchain, ensuring

traceability and quality assurance.

Smart Contracts:
Automated contracts execute predefined actions like payment settlements, quality

verifications, and compliance checks, reducing manual intervention and errors.

The system enables farmers, distributors, retailers, and consumers to access a shared
platform, ensuring end-to-end traceability, minimizing inefficiencies, and promoting

fairness across the supply chain.
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3.2 Purpose of the Research

The purpose of this research is to design and implement a blockchain-based supply
chain management system tailored for the agriculture sector. This system aims to
address the inefficiencies, lack of transparency, and trust issues prevalent in traditional
supply chains. By integrating blockchain technology with 10T devices and smart
contracts, the research seeks to create a decentralized, secure, and automated framework
that enhances traceability, reduces wastage, empowers farmers, and fosters trust among
stakeholders. This research aspires to establish a sustainable and equitable model that

can be adopted widely across the agricultural supply chain.

3.3 Problem Identification

The agricultural supply chain, a critical sector for global food security and economic
stability, faces significant challenges. These include a lack of transparency,
inefficiencies in logistics, data tampering, and mistrust among stakeholders. Farmers
often struggle with fair pricing and market access, while consumers demand traceability
and quality assurance. Traditional centralized systems are unable to provide real-time
visibility or ensure the authenticity of transactions, leading to wastage, fraud, and

operational delays.

Identifying these challenges underscores the need for a decentralized, transparent, and
efficient solution to modernize the agricultural supply chain. Blockchain technology,
integrated with 10T and smart contracts, has the potential to address these problems by

ensuring traceability, automating processes, and fostering trust among stakeholders.
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34 Evaluating Blockchain Platforms

Selecting the appropriate blockchain platform is critical to ensuring the effectiveness of
the proposed agricultural supply chain management system. A comparative analysis of
prominent platforms was conducted based on scalability, transaction speed, security,
integration capabilities, and cost-effectiveness.

Ethereum: Offers robust smart contract functionality but suffers from scalability issues
and high transaction costs.

Hyperledger Fabric: A permissioned blockchain with modular architecture, ideal for
secure, private, and scalable enterprise applications.

VeChainThor: Designed for supply chain use cases, featuring strong loT integration
and traceability tools.

Corda: Focused on privacy and interoperability, enabling seamless data sharing among
stakeholders.

Stellar: Low transaction fees and fast processing, suitable for micro transactions and
payments.

Hyperledger Fabric was selected for its support for permissioned networks, modularity,
and compatibility with 10T devices. Its scalability and strong data privacy features make
it the optimal choice for building a transparent and efficient agricultural supply chain

system.

3.5 Identifying System Requirements

Developing a blockchain-based supply chain management system necessitates clearly
defined system requirements to ensure functionality, efficiency, and usability. The

identified requirements are categorized as follows:

Functional Requirements:

e Traceability Module: The system must provide end-to-end traceability for
agricultural products, tracking their movement from farms to consumers.

e Smart Contract Automation: Smart contracts should facilitate automatic

payments, compliance checks and notifications based on predefined conditions.
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e loT Integration: Real-time monitoring of storage and transportation conditions
(temperature, humidity, etc.) must be enabled through 10T devices.

e User Roles and Permissions: The system must support multiple user roles
(farmers, distributors, retailers, consumers) with appropriate access controls.

Non-Functional Requirements:
e Scalability: The system should handle increased data and user loads as the

network grows.

e Security: The blockchain must ensure data integrity, confidentiality, and

protection against unauthorized access.

e Performance: Transactions should be processed with minimal latency to maintain

operational efficiency.

e Interoperability: The system must integrate seamlessly with existing supply chain

tools and external systems.

Hardware and Infrastructure Requirements:
e |0T sensors for real-time data collection on farms, storage facilities, and during
transportation.

e Blockchain nodes distributed across stakeholders to ensure decentralization.

e Cloud or on-premise servers for additional data storage and system backups.

3.6 Data Analytics

Data analytics is central to optimizing blockchain-enabled agricultural supply chains,

ensuring transparency, efficiency, and actionable insights.
Data Sources
o Blockchain Records: Immutable transaction data ensuring traceability.

e loT Sensors: Monitoring environmental conditions like soil moisture and storage
temperature.
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o Satellite and Drone Data: High-resolution imagery for crop health assessment.
o Market Trends: Real-time demand and pricing data.

Analytical Techniques

e Descriptive Analytics: Provides real-time visualizations of inventory, logistics, and
compliance metrics.

e Predictive Analytics: Forecasts crop yields, market demand, and risk factors using
Al models.

e Prescriptive Analytics: Recommends strategies like optimal transportation routes

and crop choices based on dynamic conditions.
Unique Insights

« Traceability Analytics: Verifies product origin and quality throughout the supply
chain.
« Smart Contract Monitoring: Analyzes contract efficiency and detects anomalies.

e Sentiment Analysis: Gauges consumer trends using social feedback.
Advanced Applications

o Geospatial Analysis: Optimizes logistics and farming practices using location data.

o Digital Twins: Simulates supply chain scenarios to enhance decision-making.

3.7 Empirical Testing

Surveys

To gain stakeholder insights, future surveys will target:

e Farmers: Evaluating their adoption of blockchain technology, challenges faced,
and benefits perceived.

e Distributors: Understanding logistical efficiencies and improvements in
traceability.

e Consumers: Gauging trust and satisfaction based on product transparency and

sustainability claims.
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Experiments

Planned experiments will validate blockchain integration's effectiveness in agricultural

supply chains:

e loT-Blockchain Integration: Testing real-time data syncing from loT sensors for
better traceability.

e Smart Contract Automation: Measuring efficiency in automated payment systems
and compliance checks.

e Cold Chain Monitoring: Assessing the impact of blockchain on reducing food

spoilage during transit.

Case Studies

Future case studies will document real-world applications:

e Organic Produce Supply Chain: Analyzing blockchain’s role in certifying product
origin and authenticity.

e Regional Cooperative Models: Studying how blockchain empowers small-scale

farmers in achieving fair pricing and market access.

e Consumer-Facing Applications: Investigating the impact of QR-code-based
traceability apps on buyer behavior.

3.8 Proposed System Framework

In this research, the proposed system framework aims to leverage blockchain technology
to address inefficiencies, enhance transparency, and improve traceability in the
agricultural supply chain. The framework is designed to integrate blockchain with
traditional supply chain management practices, offering a decentralized and tamper-

proof system for stakeholders.
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Key Components of the Framework:

Stakeholders and Nodes:

Farmers: Upload production details such as crop type, quantity, and quality
parameters.

Logistics Providers: Record transportation data, including transit times and
storage conditions.

Distributors and Retailers: Log inventory movements and quality inspections.

Consumers: Access product traceability data to verify authenticity and origin.

Blockchain Technology:

Distributed Ledger: A shared, immutable ledger records every transaction across
the supply chain.

Smart Contracts: Automate processes such as payments, quality checks, and
inventory management based on pre-defined rules.

Consensus Mechanism: Ensures trust and agreement among all participating
nodes (e.g., Proof of Authority or Proof of Stake for energy efficiency).

Data Flow and Management:

10T Integration: Sensors and devices collect real-time data, such as temperature,
humidity, and location, which are uploaded to the blockchain.

Data Encryption: Secure sensitive data while maintaining accessibility for
authorized stakeholders.

Audit Trail: Provides a comprehensive history of all transactions and processes.

User Interface and Access:

© Daffodil International University
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Core Functionalities:

e Traceability: Track agricultural products from farm to consumer, ensuring end-to-
end transparency.

e Authentication: Verify the origin, quality, and certifications of agricultural goods.

e Efficiency: Reduce delays and operational bottlenecks using automated workflows.

e Sustainability: Promote eco-friendly practices by tracking resource usage and
waste.

Integration with Existing Systems:
e APIs enable seamless integration with government databases, certification bodies,
and existing enterprise resource planning (ERP) systems.

Workflow of the Proposed System:

e Data Recording: Farmers record crop details using loT devices or manual input
through the system interface.

e Transaction Logging: Data is hashed and added to the blockchain through a secure
transaction process.

e Smart Contract Execution: Automated rules enforce payments, delivery
confirmations, and quality checks.

e Data Verification: Each stakeholder verifies the accuracy of the preceding stage's
data.

e Consumer Access: End-users scan a QR code or access a platform to view product
history and certifications.

Proposed System
Framework
Blockchain Technology Implementation

Decentralized Consensus Distributed Ledger Development
Smart Contracts Prototyping Functional Testing Security Testing

Figure 3.1: Proposed System Framework
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CHAPTER 4
IMPLEMENTATIONS

4.1 Application Area

The proposed blockchain-based supply chain management system for agriculture
addresses critical inefficiencies in traditional agricultural supply chains by offering
transparency, traceability, and trust across stakeholders. Its implementation transforms
the way agricultural produce is managed, tracked, and delivered from farm to fork.

Key Application Areas:

Traceability of Agricultural Produce:

The blockchain ensures end-to-end traceability of agricultural goods, enabling real-time
visibility into the origin, quality, and journey of products. Farmers, distributors, retailers,
and consumers can verify:

e Authenticity of organic or certified products.

e Compliance with food safety standards.

e Accurate harvesting and handling information.

Reduction of Counterfeit Products:

By implementing a decentralized and tamper-proof ledger, the system minimizes
counterfeit or substandard agricultural products in the market. Unique identifiers for
produce, such as QR codes or RFID tags linked to the blockchain, authenticate product

provenance and quality.

Smart Contract Automation for Payment and Logistics:

Smart contracts automate agreements between stakeholders, ensuring transparency and
reducing delays in:

e Farmer payments upon delivery verification.

e Logistics scheduling for transportation and storage.

e Trade settlements for international agricultural exports.
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Cold Chain Monitoring:
The system integrates 10T devices with blockchain to monitor and record temperature,
humidity, and other environmental conditions in real time. This ensures the integrity of

perishable goods and reduces losses caused by spoilage or improper storage.

Carbon Footprint and Sustainability Tracking:
Blockchain enables tracking of the carbon footprint associated with agricultural processes
and supply chain operations. It supports eco-conscious consumers and helps stakeholders

adopt sustainable practices.

Agri-Financing and Insurance:
Blockchain enhances trust in financing and insurance by providing immutable data on:
e Farmer creditworthiness based on historical supply chain records.

e Crop insurance claims validated through blockchain-stored evidence like weather
data and GPS-based farm monitoring.

Fair Trade and Farmer Empowerment:
The system creates an equitable platform where farmers receive fair prices for their
produce, reducing intermediaries. Transparent price negotiation mechanisms build trust

and improve stakeholder collaboration.

Warehousing and Distribution Provenance Supply chain Management Field Production

Data & Analytics Industrialising

Finance Smart

Initialisation

Realtime AgriTech

Live stocks Security & Privacy Blockchain Technology Governance Technology Improvement

Figure 4.1: Application Area of Blockchain in Agriculture
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4.2 System Design

This system is designed to simplify and enhance the agricultural supply chain by
leveraging blockchain technology for transparency, traceability, and trust. It integrates
key stakeholders, tracks the movement of agricultural goods, and automates critical

processes to ensure efficiency and accountability.

Key Components of the System

Blockchain Layer

e A permissioned blockchain (e.g., Hyperledger Fabric) ensures that only authorized
participants, such as farmers, distributors, and retailers, can access and update the
ledger.

e Every transaction (e.g., production, transportation, or sale) is recorded in a tamper-
proof, immutable ledger.

Smart Contracts

e Smart contracts automate agreements between stakeholders, such as triggering
payment to a farmer when produce reaches a distributor or alerting logistics providers
in case of delays.

e Examples include terms for product quality, delivery deadlines, and payment
schedules.

User Interfaces

e Farmer Interface: Simple mobile or web applications to record crop details,
upload certifications, and initiate transactions.

e Logistics Interface: Interfaces to update transportation status and environmental
conditions (temperature, humidity) during transit.

e Consumer Interface: Mobile app for end-users to scan QR codes and access the
product's complete history.

© Daffodil International University 17



loT Devices

perishable products.

loT sensors monitor environmental factors like temperature and humidity for

e Data is transmitted directly to the blockchain to ensure real-time tracking and alerts

for deviations.

Off-Chain Storage

e Large files such as quality certificates or detailed reports are stored in an off-chain
database (e.g., IPFS or cloud storage) and linked to the blockchain through metadata.

Farmer

Uploads Certifications

Farmer Interface

Records Crop Details

[Consumer] [IoT Devices] %)ff—Chain Storag%

|
Updates Status & Environmental Data Scans QR Code Monitors Conditions

X Y y Y

E.ogistics Intetface] k)onsumer lnterfaceJ hoT Sensors] EPFSICIoud StorageJ

Blockchain Layer

Executes Smart Contracts

Smart Contracts
Stakeholders

Figure 4.2: System Design

Initiates Transactions
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4.3 System Architecture

The system architecture of a blockchain-based supply chain management system for
agriculture is designed to enable secure, transparent, and traceable operations. The

architecture is composed of the following key layers:

Application Layer

e Interfaces: Web and mobile applications for farmers, distributors, logistics
providers, retailers, and consumers.

e Functions: Crop data entry, real-time tracking, certification uploads, and product
traceability through QR codes or RFID tags.

Blockchain Layer

e Permissioned Blockchain Network: Ensures secure, decentralized storage of
transactions among stakeholders.

e Smart Contracts: Automate agreements, such as payments, quality verification,
and logistics management.

loT and Sensor Layer

e loT Devices: Monitor environmental conditions like temperature and humidity
during transport and storage.

e Data Feeds: Send real-time data to the blockchain for tracking and alert generation.

Data Management Layer

¢ On-Chain Storage: Records critical events like ownership transfer and contract
execution.

e Off-Chain Storage: Stores large files such as product certifications, quality reports,
and multimedia content.

© Daffodil International University 19



Integration Layer

e APIs connect the blockchain network with 10T devices, external databases, and user
interfaces for seamless data flow.
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Figure 4.3: System Architecture

4.4 Technology Stack

The technology stack for implementing a basic blockchain-based agricultural supply

chain management system includes:

Blockchain Layer

e Platform: Ethereum (public blockchain) or Hyperledger Fabric (private
blockchain).
« Smart Contracts: Written in Solidity or Chaincode for automating agreements.

Backend

o Language: Node.js for server-side logic.

o Database: MongoDB for storing off-chain metadata.
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Frontend

o Framework: React.js for building user-friendly web interfaces.

10T Integration

o Devices: Sensors for real-time environmental data like temperature and humidity.

e Protocol: MQTT for seamless IoT communication.

Deployment

e Hosting: AWS or Azure for application and database hosting.

45 Workflow

The implementation of the blockchain-based supply chain management system for

agriculture follows a step-by-step process:

Data Collection and Upload
e Farmers record crop details (e.g., type, quantity, harvesting date, certifications) into
the system using the mobile or web application.

e Aunique identifier (QR code or RFID) is generated for each batch of produce.

Blockchain Record Creation
e Transaction details, including product origin and quality data, are securely recorded
on the blockchain.

e Smart contracts are set up to automate agreements (e.g., payment on delivery).

Logistics Integration

e 10T devices monitor storage and transportation conditions, such as temperature and
humidity for perishable goods.

e Real-time environmental data is recorded on the blockchain.
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Supply Chain Updates

As the produce changes hands (e.g., from farmer to distributor), each transaction is
updated and validated on the blockchain.
[}

Stakeholders access real-time tracking information through the user interface.
Consumer Interaction

Retailers and consumers scan the product’s QR code to view its entire journey,
including farm origin, quality certifications, and handling conditions.

Verification and Payment

Smart contracts trigger payments upon successful delivery and validation of goods.
[}

Stakeholders can review and verify all transactions for trust and transparency.
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Figure 4.4: Implementation Workflow
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4.6 Execution

The execution of the supply chain management system using blockchain technology in

agriculture involves the following steps:

Initialization
e Farmers register on the system and input crop details (type, quantity, harvest date)

via the user interface.

e Unique identifiers (QR codes/RFID) are generated for each produce batch and
linked to the blockchain.

Blockchain Record Creation

e Each transaction, including crop production and quality certifications, is securely
stored on the blockchain.

e Smart contracts are deployed for automated processes, such as delivery verification
and payment release.

10T Integration
e |oT sensors installed in storage and transportation to monitor environmental
conditions (e.g., temperature, humidity).

e Sensor data is periodically logged on the blockchain for transparency and alert
generation.

Supply Chain Updates

e At every handoff point (farmer — logistics provider — distributor — retailer),
updates are recorded on the blockchain.

e Stakeholders can access real-time data about the product’s location and condition
through the system interface.

Consumer Access

e Consumers scan the product’s QR code to view its journey, including farm origin,
certifications, and handling conditions.

o Verified blockchain data assures product authenticity and quality.
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Payment and Finalization

e Smart contracts trigger automatic payment to farmers and logistics providers upon
successful delivery and verification.
e The system generates a complete audit trail, ensuring transparency and accountability.

Farmers Register

Input Crop Details Install loT Sensors Record Handoff Points Scan QR Code Trigger Payments via
Smart Contracts

ionatzston

Ge"e’z‘: d(:sR’RF'D Monitor Conditions Update Product Location View Product Journey Generate Audit Trail

Log Sensor Data on

Link Codes to Blockchain o
Blockchain

Track Product Condition Verify Authenticity Ensure Transparency

Store Transactions
on Blockchain

Deploy Smart Contracts

Verify Quality Certifications

Figure 4.5: Conceptual Execution

4.7 Functional Description

Core Functionalities :

Data Collection and Registration

e Farmers input key information about harvested crops, including type, quantity,
quality certifications, and harvesting date, through a mobile or web application.

e Each batch is assigned a unique identifier (e.g., QR code or RFID), which serves
as its digital identity.

Blockchain Record Management

e All transactions, including production details, ownership transfers, and logistics
updates, are securely recorded on the blockchain.

e The immutable nature of blockchain ensures data integrity and tamper-proof
records.

© Daffodil International University 24



Smart Contract Automation

e Smart contracts execute predefined agreements, such as payment releases, logistics
scheduling, and quality checks, without the need for intermediaries.

e Theyensure timely, accurate, and secure execution of supply chain activities.

10T Integration for Monitoring

e |oT devices monitor environmental conditions like temperature, humidity, and
storage duration during transport and storage.

e Real-time data from IoT devices is logged on the blockchain, ensuring transparency

and early issue detection.

Real-Time Traceability

e Stakeholders, including distributors, retailers, and consumers, can trace the entire
journey of agricultural produce using the system.

e QR codes or RFID tags enable users to access detailed information, such as origin,

certifications, and handling conditions.

Stakeholder Collaboration

e The system connects farmers, distributors, logistics providers, retailers, and
consumers in a unified platform.

e It fosters trust and accountability by providing transparent, real-time updates at

every stage of the supply chain.

Consumer Empowerment
e Consumers can scan product identifiers to verify its authenticity, quality, and
sourcing, ensuring confidence in their purchases.

e The system promotes awareness of sustainable and ethical farming practices.
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Data Analytics and Reporting

e The system generates actionable insights from supply chain data, helping
stakeholders optimize processes and reduce inefficiencies.

e Reports on key metrics, such as delivery timelines and product quality, are

accessible to authorized users.

4.8 Testing and Deployment

Testing :

To ensure the reliability and functionality of the blockchain-based supply chain

management system, various testing phases are conducted:

Unit Testing
Individual components, such as the blockchain ledger, smart contracts, and loT

integrations, are tested for correctness and efficiency.

Integration Testing
Interfaces between the blockchain, 10T devices, and user applications are tested to

ensure seamless data flow and communication.

Functional Testing
The core functionalities, such as product traceability, smart contract execution, and QR

code scanning, are validated to meet user requirements.

Security Testing
The system is tested against potential vulnerabilities, ensuring data integrity, privacy,

and protection from unauthorized access.
Performance Testing

The system’s scalability and response times are tested under different loads to ensure

reliable operation during peak usage.
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Deployment :

The deployment of the system follows a structured approach:

Setup of Blockchain Network
A permissioned blockchain is deployed on a secure cloud infrastructure or local servers.

Nodes are established for key stakeholders.

10T Device Integration
IoT sensors are configured and linked to the blockchain to monitor environmental

factors during transportation and storage.

User Interface Rollout
Web and mobile applications are deployed for farmers, logistics providers, distributors,

and consumers.

Stakeholder Onboarding
Training sessions and guides are provided to help stakeholders use the system

effectively.

System Go-L.ive
The system is launched in a controlled environment with a pilot run to monitor real-

world performance.
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CHAPTER 5
RESULT AND DISCUSSION

5.1 Result

Enhancing Transparency and Traceability with Blockchain Technology
Blockchain technology introduces a decentralized and immutable ledger system, which
significantly enhances transparency and traceability within agricultural supply chains.
By recording every transaction from farm to forkon a blockchain, stakeholders can access
a single source of truth. This system minimizes the risks of fraud, counterfeiting, and
data manipulation. For example, consumers can verify the authenticity of organic
produce by tracing its journey through the supply chain. Similarly, producers can provide
certifications and detailed histories of their products, which builds trust with buyers and

regulators.

. - Consumers (Trust)
Others (Sustainability)

10.0% 200%

30.0%

40.0% gz o
Distributors (Efficiency)

Farmers (Transparency)

Figure 5.1: Stakeholders Benefit
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Role of 10T Devices in Real-Time Monitoring

The integration of 10T (Internet of Things) devices into blockchain networks creates a
powerful synergy for real-time monitoring of agricultural products. Sensors attached to
crops, storage facilities, or transportation vehicles can capture critical data, such as
temperature, humidity, and location. This information is then automatically recorded on
the blockchain, ensuring tamper-proof records. Real-time monitoring improves
decision-making by alerting stakeholders to deviations from ideal conditions, reducing
spoilage and ensuring compliance with quality standards. For instance, loT-enabled cold
chains can monitor perishable goods to maintain optimal storage conditions, ultimately

preserving product quality.

Automating Supply Chain Processes with Smart Contracts

Smart contracts, self-executing agreements coded onto blockchain platforms,
revolutionize the automation of supply chain processes. These contracts can enforce
predefined conditions, such as releasing payments when goods reach specified
destinations or triggering quality checks upon delivery. For example, a smart contract
could automatically pay farmers once a shipment of produce is verified by 10T devices.
This reduces the reliance on intermediaries, accelerates transactions, and lowers
administrative costs. Additionally, compliance reporting becomes more efficient, as

smart contracts can instantly generate and store reports for audits.

Economic and Operational Impacts on Small-Scale Farmers and Stakeholders

Implementing blockchain technology in agricultural supply chains offers significant
economic and operational benefits, particularly for small-scale farmers. Access to
transparent and tamper-proof records can help these farmers gain better market access and
negotiate fair prices. By reducing inefficiencies, such as delays in payments and spoilage
of goods, blockchain-based systems improve overall profitability. Operationally,
stakeholders benefit from streamlined logistics, automated documentation, and enhanced
collaboration through shared data. However, the initial investment in infrastructure and
training may pose challenges for resource-constrained farmers, requiring support from

governments and NGOs to bridge this gap.
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Figure 5.2: Efficiency Comparison Graph

Challenges and Solutions for Integration

Despite its benefits, integrating blockchain technology with existing agricultural systems
presents several challenges. These include technological barriers, such as the lack of
digital infrastructure in rural areas, and the need for standardized data formats across the
supply chain. Additionally, stakeholders may be resistant to adopting new technologies
due to concerns about costs and complexity.

To address these challenges, governments and industry leaders must invest in digital
infrastructure and provide education and training programs to farmers and other
stakeholders. Collaboration among supply chain participants is crucial to establish
standardized protocols and ensure seamless data sharing. Furthermore, the development
of user-friendly blockchain platforms can lower adoption barriers, enabling a smoother
transition for all stakeholders involved.
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5.2 Discussion

The integration of blockchain technology in agricultural supply chain management
addresses core challenges such as inefficiencies, lack of transparency, and trust deficits
among stakeholders. The results of this study illustrate that blockchain’s decentralized
and immutable ledger system ensures comprehensive traceability from farm to fork. This
capability is pivotal in mitigating fraud, enhancing product authenticity, and fostering
consumer trust. The real-time tracking of agricultural products not only assures
compliance with safety standards but also aligns with the growing consumer demand for
sustainable and ethically sourced food.

The synergy between loT devices and blockchain networks significantly enhances
decision-making by providing real-time data on environmental conditions like
temperature and humidity during storage and transportation. These features mitigate
spoilage risks and ensure compliance with quality standards, particularly in cold-chain
logistics. The use of loT further streamlines the flow of information, enabling

stakeholders to address deviations proactively.

Smart contracts revolutionize supply chain operations by automating critical processes
such as payments and quality checks. By eliminating intermediaries, these contracts
accelerate transactions, reduce administrative burdens, and ensure fairness in financial
settlements. For small-scale farmers, this technology provides access to equitable pricing

and minimizes delays in payment, which are common in traditional systems.

The study also highlights the economic and operational benefits for small-scale farmers,
including enhanced market access and reduced inefficiencies. However, challenges such
as high initial investment costs, lack of digital infrastructure in rural areas, and resistance
to technological adoption remain significant barriers. Addressing these issues requires
coordinated efforts from governments, industry leaders, and non-governmental

organizations (NGOs) to provide education, training, and financial support.
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From an operational perspective, blockchain enhances collaboration among stakeholders
by creating a single source of truth. This fosters a culture of accountability and trust,
enabling more effective regulatory compliance and dispute resolution. Nevertheless, to
achieve widespread adoption, stakeholders must overcome hurdles such as
standardization of data formats, interoperability with existing systems, and energy

consumption concerns associated with blockchain technology.

Future Directions and Suggestions for Research

Future research should explore hybrid systems that integrate blockchain with advanced
technologies like artificial intelligence (Al) and machine learning (ML). Such systems
can leverage blockchain data for predictive analytics, enabling proactive decision-
making in supply chain management. For instance, Al models can predict demand
patterns or identify potential risks, while blockchain ensures the authenticity of the data

used for these predictions.

Cost-effective solutions for blockchain adoption, particularly for small-scale farmers,
represent another critical area for investigation. Community-based blockchain networks
or shared infrastructure models could reduce financial barriers, enabling resource-

constrained stakeholders to participate in the digital transformation of agriculture.

Region-specific studies could provide insights into tailored strategies for blockchain
adoption. Understanding the varying levels of digital literacy, infrastructure availability,
and cultural contexts can inform the development of more inclusive solutions. For
example, mobile-based blockchain interfaces could address literacy barriers in rural

areas.

Lastly, the environmental impact of blockchain systems warrants careful consideration.
Future studies should examine the energy consumption of blockchain networks and
explore low-energy alternatives like Proof-of-Stake (PoS) consensus mechanisms. This
aligns with the broader goal of integrating blockchain technology with sustainable

agricultural practices.
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CHAPTER®G

COMPARATIVE STUDY, ADVANTAGES AND FUTURE SCOPE

6.1 Comparative Study

Table 6.1: Comparative Study

Traditional Supol Blockchain- Key Benefits of
Aspect Chain S steprg y Based Supply Blockchain
y Chain System Integration
Complete Enhanced trust and
Limited visibility; transparency; all accountability due to
Transparency| information is siloed stakeholders immutable and
across stakeholders. access the same transparent record-
immutable data. keeping.
Real-time Enables quick
Manual and proneto | tracking of goods| identification of issues
Traceability errors; difficult to from farm to like contamination or
trace origin of goods. table using fraud, ensuring food
blockchain. safety.
Vulnerable to data Sercut[e t?roﬁgh Protection against
. Cryptograpnic | ¢5.d and cyberattacks,
Data Security breaches and mechanisms and safeguarding sensitive
unauthorized access. decentralized
data.
ledger.
Automated
Slower ool POUSES | st o
Efficiency processes and g . .
: - contracts, paperwork, improving
intermediaries. . . -
reducing operational efficiency.
intermediaries.
Higher due to Poteptlal cost Iaon?_-tergl] costh
inefficiencies and savings via reduction throug
Cost multiple streamlined operational
. L operations and optimization and fraud
intermediaries. ;
reduced fraud. prevention.
Immutable -
. Reduces economic
Fraud Challenging to detect records mgke losses and increases
Prevention and prevent due to fraud easily stakeholder
fragmented systems. detectable and confidence.
preventable.
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Traditional Supply Blockchain- Key Benefit_s of
Aspect Chain System Based Supply Blockchain
Chain System Integration
. . A“‘O”?ateo' Simplifies adherence
. Time-consuming compliance 10 aaricultural
Compliance audits and manual checks via smart g

and Standards

record verification.

contracts and
real-time data.

regulations and
certifications.

Highly scalable

Supports expansion to

- L|r_n|ted by due to new markets and
Scalability centralized systems decentralized intearati ith loT

and manual processes|  architecture and integration wit o
! . for further scalability.

automation.

Well-established but Requires initial Overcoming initial
Adoption resistant to investment and | challenges provides
Challenges technological stakeholder long-term benefits for

upgrades. training. all stakeholders.

6.2 Advantages

The integration of blockchain technology into the supply chain management system for
agriculture offers several unique and significant advantages. First, blockchain ensures
transparency and traceability by providing an immutable, decentralized ledger where
every transaction or movement of goods is securely recorded. This feature allows
stakeholders to track products from farm to table, enhancing trust among consumers,
suppliers, and farmers. Additionally, blockchain improves efficiency by automating
processes through smart contracts, reducing human error and paperwork while speeding
up transaction times. It also mitigates fraud and counterfeiting, as the technology makes
it difficult to alter records, ensuring that the products meet the required standards and
certifications. Furthermore, the system promotes fairer trade by reducing intermediaries,
allowing farmers to connect directly with buyers and receive fairer prices for their
products. Lastly, blockchain’s enhanced security protocols protect sensitive data,

ensuring that stakeholders’ information, such as pricing, quality,
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and delivery schedules, is kept private and secure. This technological innovation not only
streamlines agricultural supply chains but also contributes to sustainability by reducing

waste and inefficiencies, benefiting both the industry and the environment.

6.3 Future Scope

The future scope of a Supply Chain Management System (SCMS) using blockchain
technology in agriculture holds immense potential for transforming the industry. As the
global demand for transparency, traceability, and efficiency in agricultural supply chains
continues to grow, blockchain can play a pivotal role in revolutionizing the sector. The
system can be further enhanced by integrating Artificial Intelligence (Al) and Internet of
Things (1oT) technologies, creating a smart supply chain that can predict market trends,
optimize inventory management, and reduce waste. The future will likely see greater
interoperability between different blockchain platforms, enabling global collaboration
and seamless transactions across borders. Additionally, the integration of sustainable
farming practices and smart contracts within blockchain can provide real-time monitoring
of farm operations, improving compliance with environmental standards and promoting
sustainability. As blockchain adoption in agriculture grows, its potential to address issues
such as food fraud, inefficiencies in logistics, and lack of farmer access to market data
will lead to more resilient, transparent, and equitable agricultural supply chains
worldwide. Furthermore, the rise of decentralized finance (DeFi) could revolutionize the
access to capital for smallholder farmers, enabling them to engage in more secure,

transparent, and flexible financial transactions.
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CHAPTER 7
LIMITATION AND CONCLUSION

7.1 Limitation

The limitations of implementing a blockchain-based supply chain management system in
agriculture primarily stem from the technological, financial, and infrastructural
challenges associated with its deployment. High initial costs for blockchain setup,
including hardware, software, and training, can be prohibitive for small-scale farmers and
stakeholders in developing regions. Moreover, the reliance on digital infrastructure, such
as internet connectivity and power supply, may hinder adoption in rural and
underdeveloped areas where agriculture is prevalent. Scalability is another concern, as
the volume of transactions in large agricultural supply chains can strain blockchain
networks, leading to latency and higher operational costs. Additionally, the system's
effectiveness depends on accurate data input, which is vulnerable to human error or
intentional tampering at the point of origin, potentially undermining trust. Lastly, legal
and regulatory uncertainties surrounding blockchain technology, along with the
resistance to change from traditional supply chain actors, can delay widespread
implementation and integration within the agricultural sector. These challenges highlight
the need for further research and collaborative efforts to address the barriers to adoption

and ensure the system’s viability across diverse agricultural contexts.
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7.2 Conclusion

In conclusion, the integration of blockchain technology into agriculture supply chain
management represents a transformative approach to addressing long-standing
inefficiencies and trust issues within the sector. By leveraging the transparency,
immutability, and decentralization of blockchain, this system ensures real-time
traceability, enhances data security, and fosters stakeholder collaboration. It not only
empowers farmers by providing them with equitable access to markets but also assures
consumers of product authenticity and quality. This project underscores the potential of
blockchain to revolutionize agricultural supply chains by creating a more resilient,
sustainable, and inclusive ecosystem. As the adoption of such systems grows, the
agricultural industry stands poised to meet the challenges of globalization, environmental

sustainability, and food security with unprecedented confidence and innovation.
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