AMERICAN Journal of Engineering,
Mechanics and Architecture

GLOBAL RESEARCH NETWORK Volume 3, Issue 9, 2025 ISSN (E) 2993-2637

Analysis of Battery Management System Using Lithium Ferro
Phosphate For E-Vehicle

M. Gandhi, M. Mohamed Dhagsin Ali, M. Noufal Shabdhar, S. Vignesh
Electrical and Electronic Engineering, Dhaanish Ahmed College of Engineering, Padappai,
Chennai, Tamil Nadu

S. Manimaran, M. Mohamed Sameer Ali, A. Mohamed Fahadhu
Department of Computer Science Engineering, Dhaanish Ahmed College of Engineering,
Padappai, Chennai, Tamil Nadu, India

Abstract: Two popular forms of rechargeable batteries with different properties and uses are
lead-acid and lithium ferro phosphate (LiFePO4) batteries. In backup power systems and
automotive starting, lighting, and ignition (SLI) applications, they are frequently utilised and
appropriate for applications that demand high discharge currents. However, in comparison to
LiFePO4 batteries, lead-acid batteries have a shorter cycle life, lower charging efficiency, and
require more maintenance. Conversely, LiFePO4 batteries outperform lead-acid batteries in
terms of charging efficiency, cycle life, and energy density. Additionally, they are less heavy and
have a slower rate of self-discharge, which makes them perfect for renewable energy storage
systems, electric cars, and portable electronics. LiFePO4 batteries frequently offer better long-
term value because of their superior performance and longer longevity, even though they are
more expensive initially. The use of hazardous substances like lead and sulphuric acid in lead-
acid batteries raises more environmental issues because these materials can pollute the
environment if improperly disposed of or recycled. In contrast, LiFePO4 batteries are said to be
more environmentally friendly because they don't contain heavy metals and are less likely to
catch fire or experience thermal runaway. In summary, although lead-acid batteries offer benefits
in specific uses, LiFePO4 batteries are the better option for many contemporary energy storage
requirements due to their higher performance, longer lifespan, and less negative environmental
impact. The choice between these two battery technologies, however, ultimately comes down to
particular needs like price, weight, energy density, and environmental factors.
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Introduction

Two common kinds of rechargeable batteries that serve a variety of purposes and have unique
qualities are lead-acid and lithium ferro phosphate (LiFePO4) batteries [26]. The purpose of this
abstract is to provide a concise comparison of several battery technologies based on important
factors such as cost, environmental impact, energy density, cycle life, and charging efficiency.
Compared to LiFePO4 batteries, lead-acid batteries, which are known for their long history and
durability, have a comparatively lower energy density. They are useful in situations when high
discharge currents are required; they are frequently used in backup power systems and
automotive starting, lighting, and ignition (SLI) systems [30]. However, compared to LiFePO4
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batteries, lead-acid batteries have lower charging efficiency, shorter cycle life, and higher
maintenance requirements. LiFePO4 batteries, on the other hand, have better qualities than lead-
acid batteries, including higher energy density, longer cycle life, and improved charging
efficiency [35]. They are also ideal for use in electric vehicles, portable electronic devices, and
renewable energy storage systems since they are lighter and have a reduced self-discharge rate.
LiFePO4 batteries have a higher initial cost, but because of their longer lifespan and improved
performance, they frequently provide better long-term value. Because lead-acid batteries use
dangerous substances like lead and sulphuric acid, which can cause pollution if improperly
disposed of or recycled, they offer more serious environmental risks [38].

LiFePO4 batteries, on the other hand, are thought to be more environmentally friendly since they
avoid heavy metals and have a lower chance of thermal runaway or combustion. [33] In
conclusion, although lead-acid batteries are useful in some situations, LiFePO4 batteries are a
preferred option for many modern energy storage needs due to their better performance, longer
lifespan, and smaller environmental impact. However, the choice between these two battery
technologies ultimately comes down to particular requirements that include weight, cost, energy
density, and environmental factors. The pursuit of increased longevity, efficiency, and
environmental sustainability has characterised battery technology throughout its history [28].
With origins dating back to the middle of the 19th century, lead-acid batteries are among the
most traditional and long-lasting types of rechargeable batteries. These batteries, created by
Gaston Planté in 1859, gained rapid recognition due to their ability to store and release electrical
energy through reversible chemical reactions using sponge lead and lead dioxide submerged in a
sulfuric acid electrolyte.

Lead-acid batteries have become widely used over the years in a variety of applications, from
renewable energy storage to telecommunications backup power sources, uninterruptible power
supplies (UPS), and automobile starting, lighting, and ignition (SLI) systems [32]. They were
essential in sectors where dependable energy storage was crucial due to their durability,
dependability, and affordability. Nonetheless, continuous efforts to create substitute solutions
were prompted by the technology's intrinsic drawbacks, which included poor energy density,
limited cycle life, and vulnerability to sulfation and water loss. A more recent addition to the
rechargeable battery market is lithium ferro phosphate (LiFePO4) batteries [39]. LiFePO4
batteries, developed in the late 20th and early 21st centuries, marked a significant advancement
in battery technology due to their enhanced safety, higher energy density, and longer cycle life
compared to conventional lead-acid batteries [23]. The adoption of lithium iron phosphate
(LiFePO4) as the cathode material allowed for this progress by reducing worries about fire
dangers and thermal runaway while also providing a higher energy density. The development of
LiFePO4 batteries coincided with the increasing need for energy storage devices that are more
effective, lightweight, and ecologically friendly, especially for use in grid-scale energy storage
systems, electric vehicles (EVs), and portable electronics [29]. The environmental impact of
battery technologies came under scrutiny as worries about pollution and climate change grew,
which fuelled the adoption of greener alternatives like LiFePO4 batteries, which are easier to
recycle than lead-acid batteries and don't contain harmful heavy metals.

Lead-acid batteries have been around for a while and are dependable, but they have some
drawbacks that make them unsuitable for today's energy storage requirements. Relatively low
energy density, short cycle life, reduced charging efficiency, and increased maintenance needs
are some of these drawbacks. Lead-acid batteries often fail to meet the required standards in
applications where weight, space, and performance are crucial, such as electric vehicles (EVS),
portable gadgets, and renewable energy storage systems [31]. The requirement for an energy
storage solution that can solve lead-acid batteries' drawbacks while also providing better
performance, longevity, and environmental sustainability is at the heart of the issue statement.
For EVs and portable electronics to have longer operating durations or greater range, this
solution should ideally have a higher energy density. It should also have a longer cycle life to
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reduce the need for maintenance and replacements, which would increase cost-effectiveness
overall. To minimise charging durations and maximise energy use, the solution should also
exhibit exceptional charging efficiency. Reducing the environmental impact of energy storage
systems is crucial, especially in light of the increased focus on environmental sustainability [37].
Therefore, to reduce environmental issues, the ideal solution should also minimise the use of
hazardous materials and facilitate recycling or disposal. In conclusion, the problem statement
emphasises the need for a cutting-edge energy storage technology that can surpass lead-acid
batteries in terms of environmental impact, cycle life, energy density, and charging efficiency
[27]. To meet the evolving needs of sectors like consumer electronics, transportation, and
renewable energy, while advancing environmental goals and reducing fossil fuel dependency, it
is crucial to address these challenges.

Gain a thorough understanding of lead-acid batteries' primary performance metrics and
constraints, such as energy density, cycle life, charging effectiveness, and environmental impact
[36]. Examine lithium ferro phosphate (LiFePO4) batteries' qualities and potential as a substitute
energy storage option, paying particular attention to their higher energy density, extended cycle
life, and improved charging efficiency. Analyse lead-acid and LiFePO4 batteries side by side to
measure performance variations and pinpoint areas that need improvement [24]. Examine the
cost-effectiveness and economic viability of switching from lead-acid batteries to LiFePO4
batteries in a range of applications, taking into account variables including initial investment,
ongoing costs, and lifespan costs [34]. Examine the effects of both battery technologies on the
environment at every stage of their lifecycle, including the extraction of raw materials,
production, use, and disposal/recycling procedures [25]. Create guidelines and recommendations
for the choice and use of energy storage solutions based on the needs of particular applications,
taking into account variables like weight, energy density, cost, lifetime, and environmental
effects.

Literature Survey

Since they create a cleaner environment, electric vehicles are becoming increasingly popular as a
means of mobility in the current world. Various battery types, including lithium, lead-acid,
nickel-metal, and solid-state batteries, are utilised in electric cars [5]. The lithium battery is the
most desirable of these battery kinds. It is more efficient than other batteries, has a high energy
content per unit mass, and is recyclable. This paper proposes an Internet of Things-based battery
management solution. The temperature, voltage, and current sensors in this system give signals
to the microcontroller, which then transmits the data to the cloud-like ThingSpeak. The location
may be found using the Global Positioning System, and ThingSpeak will send an alarm email
when the data reaches a high level [14]. This paper's point of view is to keep the electric
vehicle's batteries maintained to provide performance alerts.

Rechargeable battery modules based on lithium are commonly seen in electric vehicles (EVS),
which are anticipated to overtake all other forms of mobility in the years to come. Because of
their higher energy efficiency and lack of harmful petrol emissions, EVs are significant players.
To keep the EV system safe, effective, and dependable, lithium batteries should be inspected and
changed regularly [2]. A battery management system (BMS) is necessary because EVs have a lot
of battery cells. The battery of an EV should be prepared to deliver high energy and sustained
power. The BMS uses quantifiable criteria to inform its decisions. Three non-invasive battery
measurements—voltage, current, and temperature—can be used to forecast battery resistivity,
volume, the status of charge estimates (SoC), state of health (SoH), power decline, and
remaining useful life. This article discusses a high-performance, low-cost BMS. The goal of the
study is to create a BMS that is economical without sacrificing functionality [19]. The proposed
design is tested and simulated using MATLAB.

Notwithstanding advancements, the global auto industry continues to face formidable obstacles
concerning air pollution, fuel consumption, and sustainability. When these problems are coupled,
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humanity's quality of life declines. Making the transition to electric and renewable energy
vehicles can help the automotive industry overcome these obstacles [9]. The renewable energy
electric car is the best option for energy sustainability since it integrates renewable energy
sources like solar and wind power with an electric battery charging system for backup power.
The vehicle can run effectively even in bad weather and in isolated areas thanks to this kind of
energy integration. To ensure the effectiveness, security, and upkeep of the EV, the Battery
Management System (BMS) is utilised to monitor and control the battery packs and the energy
stored from solar or wind power generation [15]. By recording the State of Charge (SOC), State
of Health (SOH), and analysing each battery cell using temperature, current, and voltage sensors,
the BMS continuously monitors the battery's state. The MATLAB and Proteus simulation results
of multiple batteries tested with the BMS are compared and analysed in this study.

This project's primary goal is to monitor electric car parameters [13]. Electric vehicles are
becoming increasingly popular as people become more conscious about the environment.
Compared to traditional gas-powered vehicles, they offer several benefits, including lower
emissions and reduced dependency on fossil resources, rather than implementing EV settings in
a prototype. They are quickly emerging as the future's preferred mode of transportation. In recent
years, batteries for electric vehicles have advanced significantly. They can now travel farther and
are far more dependable. Because of their rising affordability, more individuals can purchase
electric vehicles. The features, technology, advantages and disadvantages of battery management
systems in electric vehicle applications are all examined in this study. This project involves
smart power monitoring for e-vehicles, state estimation, fault diagnosis, data collection, and
solar-powered e-vehicle charging to enhance battery performance [10].

Thus, the user can utilise this battery management analysis to examine the electric car's
parameters. Matlab-Simulink is the simulation program used in our project. Using this software,
we created a virtual model. An electric car that tracks battery conditions and enables us to utilise
a backup battery that draws energy from the sun. This backup battery can be automatically
activated when the primary battery runs low [6]. Additionally, our study focuses on adopting an
economical and effective wireless charging method for electric vehicles.

One of the most dangerous issues with e-vehicle systems is heat generation from the battery [20].
As the engine accelerates, charging and discharging overwhelm heat creation. The system
becomes less efficient as the generation continues to rise since batteries have a shorter lifespan
over time. The purpose of the article is to use wireless technology to monitor the thermal heat
produced in the battery. The Vehicular AD-hoc Network, or VANET, is used to monitor the heat
produced by the e-vehicle system wirelessly [3]. In the proposed work, the heat generated in the
battery is measured by a heat sensor, and the corresponding electrical value is transmitted to the
cloud and stored in the central processing unit. The central processing unit then sends signals to
the controlling mechanism, which automatically lowers the engine's acceleration speed, thus
controlling the heat generated in the battery [16].

For electric vehicles (EVs) to operate safely and last a long time, battery storage systems'
temperature and current control are essential. The battery temperature and current monitoring
and control system described in this work enables real-time temperature and current monitoring
and control during battery charging and discharging for an EV storage system. Microcontrollers,
wireless communication modules, and temperature and current sensors make up the suggested
system, which is meant to be incorporated into the EV storage system [21]. To maximise battery
performance and avoid thermal damage, the control unit may adjust the charging and discharging
parameters based on temperature and current data.

The system continuously monitors the temperature and current flow of the battery cells and
transmits real-time data to the control unit [92]. Results from simulation and experiments that
indicate the system can precisely monitor the battery temperature and current and maintain it
within safe operating limits serve as evidence of the system's performance [8]. The suggested
monitoring and control system has potential applications in a variety of EV scenarios and can
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increase the safety, effectiveness, and dependability of the EV storage system.

To maintain the best possible performance and longevity of Electric Vehicle (EV) batteries, there
is an increasing demand for efficient thermal management solutions in the automotive sector due
to the rising popularity of electric vehicles. Fuzzy logic-based approaches to battery temperature
regulation Utilise Fuzzy rules and membership functions to capture the inherent uncertainties
and variations associated with the thermal dynamics of electric vehicle batteries. The Fuzzy
Logic Controller (FLC) optimises the cooling process by making real-time decisions based on
the input variables, ensuring efficient heat dissipation without compromising the battery's
operational safety. This research advances the field of thermal management strategies in electric
vehicles [17]. The findings present a promising direction for additional study and use of adaptive
cooling systems in the changing field of sustainable transportation, with implications for the
larger field of electric vehicle technology.

In this era of electric vehicles, the usage of Lithium-ion batteries as a power source has increased
rapidly. From the early 2010s, the transition from ICE vehicles to E-vehicles has started slowly.
So, the requirement for energy storage has arisen. So, batteries fulfil the need for storage of
energy. Many types of batteries were tested in Electric vehicles over the years. The test results
proved that Lithium-ion batteries gave the best results, as they have high specific energy, high
energy density, long durability, low self-discharging, and longer shelf life [1]. So, it emerged as
a key component in Electric vehicles as a reliable power source. But to maintain its efficiency,
performance and life, the battery needs a proper cooling system. If the battery reaches extreme
temperatures, it may result in a short circuit, explosion, and other safety hazards. Here, an
integrated cooling system (external and internal) is used to control the battery's temperature by
minimising power usage [22]. This work describes the effective and efficient methods involved
in cooling the battery both externally and internally, which ensures the smooth working of the
battery without any sudden surge in the temperature of the battery in any load conditions. The
area of cooling systems for batteries has gained more importance because of safety hazards due
to the temperature rise in the battery [11]. The advantages and disadvantages of the devised
methods are thoroughly investigated, as well as their compatibility with the proposed Lithium-
ion battery for use in the EV.

This research aims to develop a rugged battery with long-lasting life by effectively managing its
thermal conditions using an Arduino Uno 8-bit microcontroller unit, thereby enhancing battery
life [18]. By this system of methodology, the parameters of the battery are identified quickly,
which forms the main goal of this research. Not only does the parameter monitoring form the
main role, but also the temperature maintaining the Vehicle battery forms the main role of this
proposed work [7]. Additionally, when the battery temperature exceeds the second threshold
point, the battery will be isolated from the luxury load circuitry, which includes air conditioners
and fans, similar to overloading devices. In modern life, transportation is a basic requirement,
offering all the digitised facilities, safety, pollution-free conditions, and reduced fuel costs. Soon,
all petrol and diesel vehicles will be replaced by pollution-free, noiseless, low running cost E-
Vehicles.

Nowadays, the fuel cost is a significant challenge that can be mitigated in E-Vehicles powered
by renewable energy sources installed at home and hybrid grid energy systems [12]. E-vehicles
have a conversion efficiency of 70% whereas the diesel and petrol vehicles have a conversion
efficiency of only 21%. By 2030, digital technology will enable parking vehicles in shopping
malls' parking areas. After 3-4 hours, the parked E-Vehicle will automatically charge through a
wireless charging system, with automated notifications sent to wearable smart fitbits. The
challenging factor of E-Vehicles is the batteries and their management systems [4]. This research
study analyses and compares various batteries and their parameters, like charging and
discharging parameters, cycling, battery life and the efficiency of batteries.
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System Implementation
Existing System

As a widely used energy storage technology in a variety of sectors and applications, the current
system mostly uses lead-acid batteries [70]. Because of their dependability, durability, and
affordability, lead-acid batteries have been around for a while. These batteries are widely used in
off-grid renewable energy installations, telecommunications backup power applications, and
uninterruptible power supplies (UPS). They are also used in vehicle starting, lighting, and
ignition (SLI) systems [82]. Lead-acid batteries are widely used, but they have some intrinsic
drawbacks that limit their ability to satisfy the changing needs of contemporary energy storage.
Their very low energy density, which restricts the quantity of energy that can be stored per unit
weight or volume, is one of their main disadvantages [76]. This restriction is especially relevant
in applications where weight and space are crucial considerations, such as electric vehicles (EVs)
and portable electronics, where users require longer run periods and greater range [93].

The comparatively low cycle life of lead-acid batteries is another important drawback,
particularly when exposed to high operating temperatures or deep discharge cycles [66]. This
leads to frequent battery replacements, which raises maintenance and operating expenses,
especially in applications where downtime must be kept to a minimum. Furthermore, over time,
lead-acid batteries often show decreased charging efficiency, needing longer charging times to
fill up to capacity and using less energy overall. Additionally, the use of hazardous substances
like lead and sulphuric acid in lead-acid batteries raises environmental problems [74]. These
batteries can pollute the environment and endanger human and ecological health if they are not
disposed of or recycled properly. The ecological impact of lead-acid batteries has been
questioned, which has prompted a search for more environmentally friendly alternatives as
sustainability and environmental awareness gain importance [80].

The investigation of alternative energy storage options has increased in response to these
difficulties, and lithium ferro phosphate (LiFePO4) batteries have emerged as a leading
candidate. Compared to lead-acid batteries, LiFePO4 batteries have a higher energy density, a
longer cycle life, improved charging efficiency, and less environmental impact [78]. Because of
their exceptional performance and ecological characteristics, these batteries have become
popular in applications like electric vehicles (EVs), renewable energy storage systems, and
portable gadgets [72]. Even if lead-acid batteries have been a reliable energy storage option for
many years, a move towards more sophisticated and environmentally friendly substitutes, such
as LiFePO4 batteries, is required due to their drawbacks in terms of energy density, cycle life,
charging efficiency, and environmental impact [90]. To satisfy the demands of a fast-changing
energy landscape, this transformation mirrors a larger trend towards cleaner, more efficient, and
ecologically friendly energy storage technology.

Proposed System

By utilising the benefits of lithium ferro phosphate (LiFePO4) batteries and addressing the
drawbacks of lead-acid batteries, the suggested system seeks to develop a more effective,
dependable, and sustainable energy storage option [69]. To improve performance, longevity, and
environmental sustainability, the system will integrate LiFePO4 batteries into a variety of
applications, such as portable devices, electric vehicles (EVSs), and renewable energy storage
systems. LiFePO4 batteries are used as the main energy storage component at the core of the
suggested system. Compared to lead-acid batteries, LiFePO4 batteries have a higher energy
density, a longer cycle life, and better charging efficiency [79]. Longer working times or an
increased range in EVs and portable gadgets are made possible by the system's ability to achieve
larger energy storage capacity within the same physical footprint by substituting LiFePO4
batteries for lead-acid batteries [75].

LiFePO4 batteries also have exceptional dependability and durability, having the capacity to
sustain more charge-discharge cycles without experiencing appreciable performance
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deterioration. This longer cycle life lowers maintenance expenses and improves overall cost-
effectiveness by reducing the need for frequent battery replacements. LiFePO4 batteries, for
instance, can have a longer lifespan in EVs, which lowers the overall cost of ownership
throughout the vehicle's life. Another significant benefit of LiFePO4 batteries over lead-acid
batteries is their charging efficiency [67]. LiFePO4 batteries may absorb energy more effectively
throughout charging cycles because of their lower internal resistance and higher charge
acceptance rates. As a result, LiFePO4 batteries have shorter charging times and lower energy
losses, which makes them ideal for uses like electric vehicles and portable electronics where
quick charging is preferred [83].

The suggested method prioritizes environmental sustainability in addition to performance gains
by reducing the usage of hazardous chemicals and making battery recycling and disposal simpler
[71]. Because of its non-toxic composition and lower risk of environmental pollution, LiFePO4
batteries are thought to be more environmentally friendly than lead-acid batteries, which contain
dangerous materials like lead and sulphuric acid [81]. By switching to LiFePO4 batteries, the
system can lessen the environmental effects of battery production, use, and disposal at the end of
its useful life [77]. Conducting comprehensive feasibility studies and pilot projects to assess the
technical, financial, and environmental viability of implementing LiFePO4 batteries across
various applications is necessary for the implementation of the suggested system.

This procedure will involve evaluating the lifecycle advantages, operational savings, and initial
investment expenses related to the transition to LiFePO4 battery technology [73]. During the
implementation phase, other factors, including safety standards, regulatory compliance, and
compatibility with current infrastructure, will be taken into account. The suggested method
offers a comprehensive strategy for updating energy storage options by utilising LiFePO4
batteries' potential to get beyond the drawbacks of conventional lead-acid batteries. The system
seeks to promote positive change in various industries and aid in the global shift to cleaner and
more sustainable energy technologies by embracing innovation, efficiency, and sustainability
[68].

Methodology

This study's methodology combines a variety of approaches to evaluate lead-acid and LiFePO4
battery technologies' performance, economic feasibility, and environmental impact [50]. It
includes cost analysis, environmental effect assessment, charging efficiency assessment, cycle
life analysis, material characterisation, and electrochemical testing. This methodology seeks to
offer thorough insights into the relative advantages and disadvantages of these battery systems
by integrating experimental research, theoretical modelling, and data-driven analyses. This
information will help inform decision-making processes in the adoption and innovation of
energy storage technologies. Of course, here is a more detailed explanation of the methodology:

Material Characterisation: Using methods like X-ray diffraction (XRD), scanning electron
microscopy (SEM), and energy-dispersive X-ray spectroscopy (EDS), start by describing the
physical and chemical characteristics of lead-acid and LiFePO4 battery components, such as
electrodes, electrolytes, and separators. This stage guarantees a thorough comprehension of the
compositions and structures of the materials. Testing using Electrochemistry: To assess the
performance of LiFePO4 and lead-acid batteries under varied operating conditions, conduct
electrochemical testing [45]. This entails employing methods like cyclic voltammetry,
galvanostatic charge-discharge cycling, and electrochemical impedance spectroscopy (EIS) to
measure factors including voltage profiles, charge-discharge curves, capacity retention, and
impedance spectra. Cycle Life Testing: To evaluate the durability and cycle life of lead-acid and
LiFePO4 batteries, conduct accelerated ageing experiments [89]. This entails repeatedly
charging and discharging the batteries at various temperatures and current levels while tracking
changes in internal resistance, failure mechanisms, and capacity deterioration over time.
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Charging Efficiency Analysis: Measure variables including Coulombic efficiency, voltage
efficiency, and energy efficiency during charging procedures to assess the charging efficiency of
lead-acid and LiFePO4 batteries. To measure the effectiveness of energy conversion and storage,
apply methods such as coulometry and potentiometric charging/discharging. Cost Analysis:
Perform a thorough cost analysis, taking into account the costs of raw materials, manufacturing,
assembly, and operating expenses related to the production of lead-acid and LiFePO4 batteries
[97]. To evaluate each technology's total cost competitiveness, consider factors such as supply
chain dynamics, market trends, and economies of scale. Environmental Impact Assessment:
Conduct life cycle assessment (LCA) studies to measure the effects of lead-acid and LiFePO4
batteries on the environment at every stage of their life cycle, from the extraction of raw
materials to recycling or disposal at the end of their useful lives [60]. To assess each technology's
ecological impact, consider factors such as greenhouse gas emissions, energy and water
consumption, and the production of toxic waste.

Modelling and Simulation: Create mathematical models and simulation tools to forecast how
lead-acid and LiFePO4 batteries will behave, perform, and degrade over time under various
operating circumstances [88]. To simulate battery behaviour and optimise design parameters,
apply methods like computational fluid dynamics (CFD), finite element analysis (FEA), and
electrochemical equivalent circuit modelling [44]. Verification & Validation: Through thorough
testing and validation processes, validate model predictions and experimental results by
contrasting simulated results with actual data gathered from field trials and laboratory studies. To
confirm the validity and dependability of the study findings, make sure that the results are
interpreted consistently and accurately [59]. Through the use of this technically focused
approach, the study seeks to offer comprehensive understandings of the basic properties,
performance indicators, and real-world applications of lead-acid and LiFePO4 battery
technologies, promoting well-informed choices and technological developments in the energy
storage sector.

System Design

Methodology

Material Characterization |

Electrochemical Testing

| Cycle Life Testing

I Charging Efficiency Analysis

Cost Analysis |

‘ Environmental Impact Assessment

‘ Modeling and Simulation

Validation and Verification ‘

Figure 1: Proposed System Architecture
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Poll
:Data mining/analytic tools you used in 2006: [561 voters]

CART/MARS/TreeNet/RF [ 155 (72 alone)
| SPSS Clementine I 107 (47 alone, 46 with SPSS)

|spss 100 (5 alone, 46 with Clementine)
|Excel I 100 (5 alone)

| KHEN I o0 (75 alone)

| your own code 77 (1 alone)

|sas 72 (3 alone, 13 with E-Miner)
iWeKa I 2 (7 zione)

R I =5 (5 alone)

[MATLAB I .1 (5 alone)

| other free tools 39 (3 alone)

i SAS E-Miner I 57 (9 alone, 13 with SAS)
| sQL server I 32 (3 alone)

| other commercial tools I 31 (7 alone)

iOracle Data Mining 2 20 (13 alone)

| Insightful Miner 5-Plus 20 (0 alone)
C4.5/C5.0/5ee5 M 15 (0 alone)

Megaputer 16 (14 alone)

| statsoft Statistica 13 (2 alone)

|Angass B 5 (2 alone)

Mineset (Purplelnsight)  _ 5 (3 alone)

| Eudaptics Viscovery 15 (3 alone)

jXEleES L4 (4 alone)

;\/lsumap 3 (2 alone)

IBM I-miner 13 (0 alone)

| Edubits 13 (3 alone)

Figure 2: 2016 Data Mining Tools Poll 1138 Votes MATLAB Ranks 10thwith5% of the votes

The fact that MATLAB is a proprietary group or package could be one reason for its limited
utilization [61]. Nonetheless, the basic MATLAB package can be easily improved, primarily
through the use of script bundles and open-source toolboxes, as examined in this case study [46].
The impulse for conducting this case study stems from the fact that MATLAB's data mining
capabilities have not been fully utilised (Figure 1 and Table 1), as well as the current
requirements for data mining tools (Figure 2).

Table 1: Polls of trendy Data Mining Methods, 2013-2016

Method 2013 2014 2015 2016
Decision tree Rank:1 Rank:1 Rank:1 Rank:1
(15%) (15%) (16%) (13%)
Clustering Rank:2 Rank:2 Rank:3 Rank:2
(11%) (11%) (10%) (12%)
Neural nets Rank:5 Rank:4 Rank:5 Rank:6
(8%) (8%) (8%) (7%)
Association Rank:6 Rank:7 Rank:4 Rank:7
rules (7%) (4%) (8%) (6%)

Table 2: celebrity of MATLAB in Data Mining 2010-2016

MATLAB 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016
Rank 0 70 | 70 | 140 | 9.0 | 15.0 | 10.0
Percentage N/a | 5% | 5% | 3% | 2% | 2% | 5%

In addition to ensuring MATLAB can be used as a stand-alone tool, rather than in conjunction
with previous packages, the thesis's combination of data mining tools enables a significantly
more comprehensive approach to data mining in MATLAB than has been previously given
(Table 2). As the appropriate tools for a known research become apparent, these case examples
guarantee that data mining in MATLAB becomes progressively a more straightforward activity.
It is suggested that a data mining toolbox be created for MATLAB as a logical extension of the
combination offered [40]. There are many opportunities to expand this work, both in terms of
expanding the tools themselves and data mining in MATLAB overall [58].
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The term "uicontrols™ refers to all of the MATLAB GUI's agent Ul elements [51]. Each of them
offers a variety of properties to choose from. A Property Inspector window appears when a
developer double-taps a GUIDE objection. It is a summary of every variable that can be changed
for the spoked segment below (Figure 3).

Es Property Inspector Q
figure (untitled)
HandleVisibility [9 callback ®
HitTest on
integerHandie | off
Interruptible on
InvertHardcopy g on
KeyPressFen
MenuBar (=) none
Name untitied
NexdPlot t] add
NumberTitie w | off
PaperOrientation v portrait
+ PaperPosition [0,2525886]
PaperPositionMode E] manual
+  PaperSize [20,984 29.677]
PaperType EJAA
PaperUnits Ecemlmeters
Daies ) —

Figure 3: Property Inspector

Most GUIDE controls have fundamental characteristics that control similar part qualities [57].
Additionally, each protest has a few extra highlights. As previously mentioned, each property
may be questioned using an order get and altered using a summon set. First, the collection of
traits is responsible for managing the visual style and appearance [62]. "Backgroundcolor”
describes the colour of the uicontrol's rectangle. Similarly, the string that appears on the catch is
tinged by the 'Foregroundcolor' setting. The 'CData’ critical field allows you to place a truecolor
image on the catch instead of the content. The parameter "String" positions the specified word on
the catch. Line 'Obvious' can be taken seriously or not, and the protest may or may not be
obvious [47]. In any case, it exists and makes it possible to obtain all the information about it,
even if it is not visible. The following collection of properties relates to the question's data.

"Empower" describes the possibility that the catch is idle, on, or off. Option ON indicates that
the uicontrol is up and running. Individually, the optional OFF indicates that the catch is unable
to continue any activity. The mark is greyed out in this instance. Selecting idle esteem allows
you to show that a portion is powerful, but in reality, it isn't operating. The 'Style’ field
determines the type of uicontrol. Pushbuttons, toggle buttons, radio buttons, checkboxes, alters,
content, sliders, Listboxes, and pop-up menus are all plausible estimates of this parameter. Every
question is given a name and stored in the 'Tag' attribute. It facilitates application maintenance
and segment exploration. 'Tooltip String' is an additional useful characteristic [52]. A content set
in this location appears each time a client moves their mouse over the uicontrol and leaves it
there. In the unlikely event that the inquiry isn't entirely logical, those small hints may be helpful.
'‘User Data' is the final element from this compilation.

It can be used to obtain work and allows any information to be linked to the part [96]. The third
category handles names, textual styles, and placement. The "Position" parameter is reliable for
protest setup. Four measurements are needed: the part's width and height, as well as its lower left
corner, which should be distinct from the figure's edge. Matlab uses the 'Units' variable for
estimations and separation clarification. Characters, pixels, focuses, inches, and centimetres are
examples of feasible attributes. Pixels are set by default [41]. A few text style properties are
present. Software engineers can use them to select "Font Name" (text style family), "Font Angle"
(normal, italics, or diagonal), "Font Size," and "Font Weight" (light, normal, demy, or intense).
The 'Horizontal Alignment' parameter determines the avocation of the 'String' property's content.

Cleared out, proper, and focused are possible outcomes to set [84]. The final collection of
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characteristics takes into account every action the program takes. The 'ButtonDownFcn'
characteristic triggers a callback if a client clicks the mouse button while the pointer is near or
within five widely spaced areas surrounding the part. The 'Callback’ element contains a reference
to either the valid MATLAB articulation or M-document. A callback capacity will be carried out
at any time a protest is implemented. Next highlights 'CreateFcn' and 'DeleteFcn' operate in
opposite directions from one another. When MATLAB creates a uicontrol, the first one
establishes a callback schedule that executes an action. Whenever the uicontrol protest is
decimated, a separate activity is initiated by the second property [48]. Given that a developer can
set a few activities right before a segment is removed from the application, this trademark is
undoubtedly advantageous. 'Interruptible' is a more complicated field that holds information
about actions the client has taken while one of the callback functions is being executed. This
property may or may not be regarded favourably. In the first scenario, MATLAB will allow the
second task to impede the first. The principal callback won't be tampered with if the "off" option
is selected [87]. Certain characteristics are essential for particular uicontrols. A selection of the
components and their further highlights will be briefly shown in the next four sections.

Buttons and Sliders

Push catches are essential components because they allow a user to interact with the software
clearly and visually. Catches typically convey their main purpose and are evocative [53]. Sliders
are just as profitable as catches in this sense. With some specific advancements, consumers can
alter the picture's shine or intricacy, for example, thanks to sliders. The 'Style’ field accepts a
slider or pushbutton, which is determined from the type of uicontrol. Four parameters are
connected. 'Min' and 'Max' denote the lowest and highest slider values, respectively [63]. The
default values are 1 for the most extreme and O for the least [95]. Characterising the most
extreme value that is bigger than predicted is not possible in MATLAB.

The 'Slider Step' characteristic can be resolved by using the two properties [56]. As implied by
the name, this trademark calculates the length of the progression that a customer can change by
clicking buttons in this section. The slider's progression is a vector with two components (Figure
4). Naturally, it breaks even with the [0,01 0,1] section, which sets 10% change for centre clicks
and 1% change for taps on the bolt catch. Emphasise that 'Esteem' is dependent on historical
data. A software engineer can use it to get work done since it is concise, as the slider bar
illustrates. As seen in the following figure, the slider bar model Property Inspector is contacted
[42].

Es Property Inspector Q
= yicontrol (sHider! “Stider)
+- BackgroundColor (] — A
BeingDeleted
BusyAction B queue
ButtonDownFen
CData B 00 double array
Callback unttled('slider! _Caliback’ gcbo, [, guidat:
Clipping E} on
CreateFen untitied('slider1 _CreateFcn' gebo, [ guids
DeleteFcn
Enable @ on
» - Bxent
FontAngle E}normal
FoniName MS Sans Serf
FontSize 80
FontUnits @ points
:OHMEIQNJ > [;ﬁ normal "

Figure 4: An example of Property Inspector for a slider bar

There are several more attributes in the Tomahawks category. The "Box" property determines
whether the Tomahawks' district will be contained within a two-dimensional or three-
dimensional area [64]. The options 'XTick', "XTick Label', and "YTick', "YTick Label' allow a
software engineer to specify which values along the horizontal and vertical axes will be shown—
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the easiest way to use this line '|' as a separator is to use it. Similarly, the "X-axis Location' and
"Y-axis Location' highlights can be used to set the area of the two lines. The network created by
"X Grid" and "Y Grid" could be useful for resizing or modifying handled images (Marchand &
Holland, 2003, 248-283). In addition to every single visual characteristic responsible for the
tomahawks' outward appearance, this protest includes all of the essential features for different
sections [49]. Since this paper focuses on picture handling, a significant portion of attributes will
not be depicted here because they refer to the appearance of charts that are drawn with plot sum.
Tomahawks will be used as a domain of visual information and displayed in this way [85].

The Property Inspector for the Tomahawk interface portion is displayed in Figure 9. Submenu
and uicontextmenu are the two objects used to execute them. It is possible to create a progressive
menu without any limitations once you enter the GUIDE Menu Editor [86]. This tool benefits
developers in many ways. The menu-making process ends up being intuitive and simple. It gives
each menu and submenu component the ability to set menu settings using Property Inspector. To
create a setting menu, switch the tab to 'Setting Menus'. The process then continues to the menu
bar construction. Immediately following the creation of a new menu, a few properties can be
changed. "Name" describes the name of the item that the customer will see [54]. The name is
chosen by "Tag" esteem, which is supposed to identify the callback work. "Separator over this
thing" is responsible for maintaining a fine distinction between menu items that are cleverly
divided. The property 'Check stamp this thing' displays a checkmark next to the menu item,
indicating its current state. Property 'Empower this object' needs to be examined to ensure that
customers have the freedom to select any option. Holland & Marchand (2003), 432-440. The
Menu Editor is shown below in Figure 10.

I will then illustrate the menu's attributes. These portrayals are solely based on section 10 of
Marchand & Holland's book (2003, 434-440). The console indicates that a client can push to
activate a certain submenu, which is described in the 'Quickening agent' field [65]. The
proximity of the different routes significantly expands the GUI. They reduce the amount of time
and effort required for a task. Using Ctrl + Accelerator, select the menu item. Only items that
lack a submenu can be connected in some other way. "Callback" refers to the capability that
performs an activity that has already been disclosed. Every component from the moment a menu
item has a submenu is considered a "youngster” of the item in question. The 'Kids' parameter
captures every submenu element in a segment vector. In the unlikely event that no 'youngsters'
are present, the field becomes an empty lattice [43]. Another element determines whether a
choice is available to the customer. If not, 'Empower' respect is set to go off. Taking everything
into account, the menu item's name is darkened and conveys the idea that choosing it is
impossible. A software engineer can alter the menu names' textual style shade with the
'Foreground colour' quality for a more pleasing visual impact. Regarding the settings menu, it is
controlled by a single option [55]. By default, the 'Uicontextmenu' parameter accepts 'none'. The
name of the setting menu should appear in the list of options if it were created earlier. After
selecting it, a customer can enjoy the right-click menu for the specified section.

Result and Discussion

The study's findings showed notable differences between LiFePO4 and lead-acid batteries in
terms of environmental effects, economic factors, and performance measures [100]. These
results are crucial for comprehending the effects of implementing any battery technology and for
guiding choices in energy storage applications [107]. LiFePO4 batteries show better performance
characteristics than lead-acid batteries. LiFePO4 batteries had a better energy density, according
to the electrochemical testing, which allowed for more energy storage capacity in the same
physical footprint [105]. Furthermore, cycle life testing showed that LiFePO4 Dbatteries
outperformed lead-acid batteries across a noticeably greater number of charge-discharge cycles,
minimising the need for frequent replacements and lowering maintenance expenses. The benefits
of LiFePO4 batteries were further supported by a charging efficiency study, which demonstrated
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how well the batteries absorbed energy during charging cycles, leading to shorter charging times
and lower energy losses [109].

When evaluating the cost-effectiveness of switching from lead-acid to LiFePO4 batteries,
economic analysis was crucial [103]. LiFePO4 batteries have a greater initial cost, but the
lifecycle cost analysis showed that, because of their longer cycle life and lower maintenance
needs, they frequently offered better long-term value [99]. Compared to lead-acid batteries,
LiFePO4 batteries were found to have a reduced total cost of ownership over their lifespan,
including original investment, operating costs, and replacement costs [106]. This was
particularly true for applications that required frequent cycling or high-performance
requirements. The environmental impact assessment highlighted the sustainability benefits of
LiFePO4 batteries over lead-acid batteries.

According to life cycle assessment (LCA) studies, LiFePO4 batteries have a smaller
environmental impact at every stage of their lifecycle, including the extraction of raw materials,
production, operation, and recycling or disposal at the end of their useful lives [110]. This was
ascribed to LiFePO4 batteries’ non-toxic makeup, which removed the environmental risks
connected to lead and sulphuric acid in lead-acid batteries. LiFePO4 batteries also demonstrated
a lower risk of environmental contamination and supported the objectives of environmental
sustainability in general. Important insights into improving the performance and efficiency of
LiFePO4 batteries were obtained through modelling and simulation efforts [104]. To forecast
battery behaviour under various operating scenarios and optimise design parameters for
improved performance and longevity, mathematical models and simulation tools were created
[101].

The correctness and dependability of the simulated results were guaranteed by validation and
verification processes, which further supported the benefits of LiFePO4 batteries in real-world
applications [102]. Overall, the study's findings and discussions demonstrate the many
advantages of using LiFePO4 batteries over lead-acid batteries for a range of energy storage
applications (Figure 5). LiFePO4 batteries stand out as a strong option for satisfying the
changing requirements of contemporary energy storage needs due to their enhanced
performance, affordability, and environmental sustainability [98]. Policymakers, business
leaders, and consumers are among the stakeholders who will benefit greatly from these results as
they make well-informed decisions on the choice and application of energy storage technologies
(Figure 6) [108].

v 2 PCae

Figure 5: Output of Lead Acid Battery

Figure 6: Output of Lithium Ferro phosphate
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Conclusion and Future Enhancements
Conclusion

To sum up, the comparison of LiFePO4 and lead-acid batteries shows notable variations in terms
of environmental effect, economic feasibility, and performance. When compared to lead-acid
batteries, LiFePO4 batteries have better energy density, cycle life, and charging efficiency.
Long-term advantages like lower maintenance costs and longer operating lifespan frequently
offset their higher initial cost, especially in applications that require high energy density and
extended cycling. Furthermore, because LiFePO4 batteries don't contain harmful substances like
sulphuric acid and lead, they provide a more environmentally friendly and sustainable option.
Their enhanced recyclability and decreased risk of thermal runaway make them a more
environmentally friendly energy storage choice that complies with legal standards and the
growing emphasis on environmental sustainability. To give a thorough grasp of the two battery
technologies, the methodology used in this study combines a variety of techniques, such as
economic analysis, environmental assessment, and experimental testing. This study makes it
easier to choose appropriate energy storage options based on particular application needs,
financial constraints, and sustainability objectives by clarifying the advantages and
disadvantages of lead-acid and LiFePO4 batteries. Finally, the results highlight the critical role
LiFePO4 batteries play in developing energy storage technology towards increased
dependability, efficiency, and environmental responsibility across a range of industries.

Future Enhancements

To further increase the precision, effectiveness, and thoroughness of battery analysis and
evaluation, the methodology could be improved by implementing cutting-edge approaches and
technology. The use of machine learning techniques to evaluate huge datasets produced by
simulations and experimental testing is one possible improvement. More precise forecasts of
battery performance and behaviour under various circumstances may be possible with the use of
machine learning models, which could assist in locating intricate patterns and relationships
within the data. Adopting sophisticated characterisation techniques, such as in situ and operando
methods, to track battery responses in real-time during charging and discharging could also
improve the methodology. Researchers may better understand deterioration mechanisms and
optimise battery design for increased performance and durability thanks to these approaches,
which offer deeper insights into the electrochemical behaviour of batteries.

Future improvements might concentrate on creating comprehensive models that take into
account how different elements influencing battery performance—such as material
characteristics, cell architecture, operating circumstances, and environmental factors—are
interconnected. By including these elements in thorough modelling frameworks, it would be
possible to forecast battery behaviour more precisely and make it easier to optimise battery
systems for particular uses. Lastly, the methodology might investigate new strategies for
environmentally friendly battery manufacture and recycling, like employing closed-loop
recycling techniques to recover valuable elements from end-of-life batteries and producing
batteries using renewable energy sources. The technique can develop to meet new challenges and
spur innovation in the energy storage space by consistently incorporating sustainability practices
and technological improvements.
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