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Abstract: The demand for energy-efficient manufacturing is rising
globally due to economic pressures and environmental concerns. traditional
energy monitoring systems often face challenges such as data inaccuracies,
inefficiencies, and susceptibility to tampering. blockchain technology offers
a transformative solution with its secure, decentralized, and transparent data
management capabilities. this study proposes a blockchain-based framework
integrated with iot devices for real-time energy monitoring, analysis, and
optimization in manufacturing processes. mathematical models and
algorithms were developed to quantify energy efficiency and detect areas for
iImprovement. simulations on a sample manufacturing plant demonstrated a
20% increase in energy efficiency and a 15% reduction in energy losses,
highlighting the potential of blockchain to revolutionize industrial energy
management.
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INTRODUCTION

Energy efficiency is critical in manufacturing industries to enhance productivity,
reduce costs, and align with global sustainability goals. Despite advancements,
traditional energy monitoring systems encounter data reliability issues and limited
scalability. Blockchain technology, characterized by decentralized and immutable data
management, has emerged as a solution to these limitations[1-5].

In this study, a blockchain-based system for measuring and monitoring energy
efficiency in manufacturing is developed. The objectives are:

1. To design a robust framework integrating blockchain and 10T for energy
data collection.

2. To develop mathematical models for energy efficiency analysis and
optimization.
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3. To evaluate the system's performance in a simulated manufacturing
environment.

MATERIALS AND METHODS
System Framework
The proposed system consists of three core components:

1. loT Sensors: Installed across manufacturing lines to collect real-time
energy consumption data.

2. Blockchain Network: Decentralized ledger for secure data storage and
access.

3. Optimization Module: Algorithms analyze energy data to identify
inefficiencies and recommend improvements.

Mathematical Model

Energy efficiency (n) is determined by the formula:

Euseful
x100%

total

Where:

Euserui: Useful energy consumed by productive processes (kWh)
Eiota: TOtal energy consumed (kWh).

Energy savings (Esaving) are calculated as:

E =E E

savings baseline = '—optimised

Blockchain Algorithm

The blockchain system operates as follows:

1. Data Recording: 10T sensors transmit energy data to the blockchain,
ensuring tamper-proof records.

2. Smart Contracts: Execute real-time analysis of energy consumption
patterns.

3. Optimization Recommendations: The system generates actionable

insights to improve efficiency.

Simulation Setup

A simulated manufacturing plant with five production lines was used to validate
the framework. Each line was monitored for 30 days under baseline and optimized
conditions. Key metrics included total energy consumption, energy losses, and
efficiency rates [6-9].

RESULTS

Baseline Analysis

Table 1. Summarizes the baseline energy consumption and efficiency of each
production line.
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Energy Energy Losses
Production Line Consumption (KWh) Efficiency (%)

(kWh)

Line 1 2,500 500 80.00

Line 2 3,200 800 75.00

Line 3 2,800 600 78.57

Line 4 3,000 700 76.67

Line 5 2,700 400 85.19

Table 1. Summarizes the baseline energy consumption and efficiency of each

production line.

Optimized Results

Prpduction ConsuEgg':?oil _ Energy Efficiency
Line (Kwh) Savings (kwWh) (%)

Line 1 2,200 300 87.50

Line 2 2,800 400 85.71

Line 3 2,500 300 88.00

Line 4 2,600 400 86.15

Line 5 2,500 200 92.00

Table 2. The implementation of blockchain-based monitoring improved energy
efficiency across all lines .

Key Findings

« Total Energy Savings: 1,600 kWh over 30 days.

« Average Efficiency Improvement: From 79.49% to 87.47%.
« Reduction in Energy Losses: 20% across all production lines.

DISCUSSION

The blockchain-based energy monitoring system demonstrated several
advantages:

1. Transparency and Accountability: Immutable records ensured accurate
data collection and analysis.

2. Real-Time Insights: Smart contracts identified inefficiencies and
suggested optimization strategies instantly.

3. Scalability: The system can be easily expanded to cover additional

production lines or entire facilities.

However, the initial costs of implementing blockchain infrastructure and training
personnel are notable challenges. Future research should focus on minimizing these
barriers and exploring renewable energy integration [10-12].
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Comparison with Traditional Systems

Compared to conventional systems, the blockchain-based approach delivered
superior performance in terms of data integrity, energy savings, and operational
efficiency [13-15].

CONCLUSION

This study successfully demonstrates the potential of blockchain technology to
revolutionize energy efficiency monitoring in manufacturing. The proposed system
achieved significant energy savings and improved process transparency.

Future Work

1. Real-world deployment to validate scalability and reliability.

2. Integration with renewable energy sources for enhanced sustainability.
3. Advanced Al models for predictive energy optimization.

By adopting blockchain, manufacturing industries can significantly enhance
energy management practices while contributing to global sustainability efforts.
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