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Preface

The rapid expansion of communications networks has transformed how we
interact, work, and share information. Expansion, though, has also greatly
increased energy usage, with sustainability, operating expense, and envi-
ronmental factors. With more and more demand for higher speeds, more
reliability, and more pervasive connectivity, the need for energy-efficient
communication networks has never been greater.

This book, Energy-Efficient Communication Networks, explores the
basics, issues, and future directions toward reducing the energy require-
ments of modern networking infrastructure. The book offers a com-
prehensive view of energy-conserving approaches in network layers of
architecture, ranging from the physical hardware to the transmission pro-
tocols and cloud infrastructure. The book further illustrates new technol-
ogies such as green networking, energy-efficient routing, software-defined
networks (SDN), and artificial intelligence-based optimizations that enable
communication infrastructure sustainability.

Intended for researchers, engineers, and students in the fields of net-
working and telecommunications, this book is an extremely helpful one on
which to gain knowledge of new innovations in energy-efficient communi-
cation. Based on theoretical frameworks, actual case studies, and research
agendas, the book equips readers with the knowledge and tools to design
and roll out greener and more sustainable networks.

We would like to inspire further innovation in energy efficiency, towards
a time when high-performance communication networks and environ-
mental responsibility may coexist.

Shakti Raj Chopra
Krishan Arora
Suman Lata Tripathi
Vikram Kumar

19™ March 2025
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Efficient Energy Management in
Hyperledger Fabric Blockchain Networks:
A Proposed Optimized Solution

Kamurthi Ravi Teja' and Shakti Raj Chopra**

'Dept. of Computer Science and Information Engineering, National Taipei
University of Technology, Taipei, Taiwan

2School of Electronics and Electrical Engineering, Lovely Professional University,
Punjab, India

Abstract

This study aims to address the energy-efficiency challenge in Hyperledger Fabric
networks, focusing on the energy consumption of network nodes during com-
munication. A simulation model was developed to evaluate energy consumption
patterns among nodes during simulated data transmissions. The simulation con-
siders data transmissions, random data sizes, and energy consumption associated
with these interactions. The results of this study provide insights into optimizing
energy transmission and reception among multiple nodes, leading to a reduction
in energy waste and an improvement in energy utilization. The study evaluates
energy efficiency by calculating average and total energy consumption metrics for
each node and visualizing energy consumption patterns. The experimental anal-
ysis involves adjusting parameters, including transmission times, data sizes, and
communication protocols, to provide a comprehensive understanding of energy-
efficient communication in blockchain networks, with a focus on Hyperledger
Fabric. The proposed Hyperledger Fabric network strategy targets reducing energy
consumption in wireless communication involving multiple nodes by refining the
transmit data function and associated methods to incorporate energy-saving mea-
sures, sleep modes, or communication protocol optimizations.

Keywords: Blockchain, networks, energy, hyperledger, communication
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2 ENERGY-EFFICIENT COMMUNICATION NETWORKS

1.1 Introduction

Blockchain technology, particularly Hyperledger Fabric networks, has
enabled decentralized and secure data management. Hyperledger Fabric,
a key player in enterprise-grade blockchain solutions, is widely used in
finance and supply chain. However, concerns about energy efficiency arise
with the growing reliance on these distributed networks [1-3].

This study aims to address the critical challenge of elevated energy con-
sumption during communication within Hyperledger Fabric networks
by examining the energy efficiency of network nodes, which is essential
for sustainability and operational costs. Employing a simulation model,
this research delves into the intricacies of wireless communication within
a Hyperledger Fabric network, specifically focusing on node 1 to node
5 transmission network. The primary objectives of this research include
evaluating energy consumption patterns among nodes during simulated
data transmissions and also to develop a model for wireless communica-
tion between network nodes while simultaneously highlighting the energy
consumption associated with this process. By analyzing the dynamics of
energy consumption, the study aims to uncover variations in efficiency
levels among nodes, which can inform subsequent optimization strategies
[4-6]. The findings from this study contribute to the ongoing discourse on
enhancing the sustainability of Hyperledger Fabric networks, and advancing
our understanding of energy-efficient blockchain communication [4-10].

Necessary tools and libraries:

Visual Studio Code, Anaconda, and
Jupyter Notebook.

Libraries: Matplotlib, NumPy, and time.

that utilizes multiple node energy levels during transmissions.
2. Enhance and debug the strategy by tweaking.

3. Conduct experimental analysis to test the effectiveness of
the enhanced strategy.

0
Steps:
1. Python code development for an energy-efficient strategy @

Design an energy-
efficient transmission

system for Hyperledger
4. Evaluate and compare the results of the experimental F)a:bric blockcyr?ain J
analysis to derive insights from the study. T —

5. Derive insights from the study to inform future
developments and improvements to the energy-efficient
strategy.

Figure 1.1 The design process for energy-efficient Hyperledger Fabric blockchain
transmission networks.
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This chapter examines the use of blockchain technology in wireless net-
works to enhance energy efficiency in communication systems. Through
simulations and experiments, the proposed method is shown to improve
energy efficiency in wireless networks. The design process for energy-
efficient Hyperledger Fabric blockchain transmission networks is illus-
trated in Figure 1.1.

1.2 Methodology

A simulation model was developed to capture the complex dynamics of
wireless communication within a Hyperledger Fabric network by instan-
tiating nodes (node 1 to node 5) to mimic the communication process.
The simulation takes into account data transmissions, random data sizes,
and the energy consumption associated with these interactions. This study
seeks to address the energy-efficiency concerns that arise from the wide-
spread use of blockchain technologies, particularly in Hyperledger Fabric
networks. By simulating data transmissions and calculating the result-
ing energy consumption, the study evaluates the energy-efficiency levels
of the nodes. The findings of this research suggest that there is potential
for optimizing energy transmission and reception among multiple nodes,
which could lead to a reduction in energy waste and an improvement in
energy utilization. The implications and insights derived from this study
are discussed in detail in the chapter. These results have significant impli-
cations for the development of effective strategies aimed at enhancing the
sustainability and efficiency of blockchain technologies in enterprise envi-
ronments. The simulation collects data on node energy levels during mul-
tiple transmissions using randomized data sizes and target node selections.
Recorded energy levels provide a comprehensive dataset for subsequent
analysis.

The study evaluates energy efficiency by calculating average and total
energy consumption metrics for each node and visualizing energy con-
sumption patterns. The experimental analysis involves adjusting parame-
ters including transmission times, data sizes, and communication protocols
to provide a comprehensive understanding of energy-efficient communi-
cation in blockchain networks, with a focus on Hyperledger Fabric.
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1.3 Experimental Analysis

1.3.1 Existing Problem in the Network

The old system’s network simulation considers wireless data transmission’s
time and energy, incorporating a basic model of communication overhead
that introduces delay. It also includes a simplified energy consumption
model for nodes during transmission. In a two-node example, consider
these key points.

 In this simulation, node 1 sends data to node 2 using the
transmit_data method. Before sending, node 1 checks
its energy level and updates it after transmission. Node 2
receives the data using the receive_data method.

 The energy levels of both nodes are continuously monitored
and recorded as they engage in simulated data transmis-
sions. This information is then used to visualize the changes
in their energy levels over time.

The impact of data transmissions on energy levels can be observed in
Figure 1.2, which displays the fluctuating energy levels of node 1 and node
2 after each transmission. While node 2’s energy consumption remained
constant at 100%, the energy levels of node 1 decreased as the number of
transmissions increased. Moreover, node 2 consumed more energy with

Wireless Node Energy Levels During Data Transmissions

100 4

95 A

90 A

85

80 -

Energy Level

75 A

70 -

654 —— Node 1
Node 2

2 4 6 8 10
Transmission Number

Figure 1.2 Old energy strategy — wireless node energy levels during transmissions.



