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Abstract

The demand for electric vehicles (EVs) has surged due to the need for sustainable transportation
solutions. Converting internal combustion engine vehicles (ICEVs) to-electric vehicles is.an emerging
trend, offering an eco-friendly alternative while preserving existing vehicle bodies. This study focuses
on analyzing and optimizing the performance of electric' vehicle conversions using Lithium Iron
Phosphate (LiFePO4) batteries. LiFePO4 batteries are favored for their stability, safety, and
longevity. This research aims to evaluate. the performance parameters, efficiency, and overall
feasibility of using LiFePO4 batteries in EV conversions..This paper focuses on the analysis and
optimization of performance in EV conversions-using Lithium Iron Phosphate (LiFePO4) batteries.
Renowned for their stability, safety, and longevity, LiFePO4 batteries are becoming a popular choice
in EV applications. This study evaluates the key performance metrics such as range, efficiency,
acceleration, and battery longevity post-conversion. Utilizing.a.combination of simulation tools and
real-world testing, the research identifies optimization strategies to enhance performance. The
findings' demonstrate that LiFeEPO4 batteries provide a reliable and efficient solution for EV
conversions, with significant improvements in performance metrics. This paper contributes to the
growing body of knowledge on" EV conversion technologies and offers «insights for future
advancements in this field.

Keywords: Electric Vehicle, Internal Combustion, Lithium, Conversion, Optimization

1. INTRODUCTION

The transportation sector significantly contributes to global carbon emissions, driving
the shift toward electric vehicles (EVs). Converting existing internal combustion engine
vehicles (ICEVSs) to electric power is a cost-effective and environmentally friendly approach.
This paper explores the use of Lithium Iron Phosphate (LiFePO4) batteries in EV
conversions, focusing on performance analysis and optimization.
The demand for sustainable transportation solutions has increased significantly in recent
years. Electric vehicles (EVs)are.seen as a key solution to reduce.carbon‘emissions and
the environmental impact of the transportation sector. However, the high cost of
manufacturing and purchasing new EVs is an obstacle to the mass adoption of this
technology. As a more economical alternative, the conversion of internal combustion
engine vehicles (ICEVs) to electric vehicles has attracted a lot of attention.
The conversion of ICEVs to EVs not only offers a more cost-effective way to adopt green
technology, but also utilizes existing vehicle infrastructure, reducing waste and the need
for new resources. In this conversion process, battery selection is one of the critical factors
that determine the performance and efficiency of the resulting electric vehicle.
Lithium Iron Phosphate (LiFePO4) batteries have become a popular choice for EV
applications due to their thermal stability, safety, long cycle life and consistent performance.
These characteristics make LiFePO4 a promising candidate to improve the performance

and reliability of converted electric vehicles.
Last name of the first author | Title
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This research aims to analyze and optimize the conversion performance of ICEVs to EVs
using LiFePO4 batteries. The main focus of the research includes the evaluation of key
performance parameters such as range, efficiency, acceleration, and battery life after
conversion. By utilizing a combination of simulation tools and real-world testing, this
research also identifies optimization strategies that can be applied to improve the
performance of converted electric vehicles.

This research is expected to make a significant contribution to the understanding and
development of electric vehicle conversion technology, as well as offer insights for further
development in this area. As such, this researchrissnot only relevant to the automotive
industry and battery technology, but also to.global efforts in‘reducing carbon emissions and
promoting sustainable transportation.

2. METHODS

Manuscript should'be submitted online in-English via Journal website. Authers invited
to register on JEMMME website to get username, and password for submission:.login.
Registration helps_authors to have access to submit the article, track it and getting
information onthe process of reviewing.

2.1 Research Design

This study employs a mixed-methods approach, combining quantitative and qualitative
techniques to comprehensively analyze and optimize the performance of electric vehicle
(EV) conversions using Lithium lron Phosphate (LiFePO4) batteries.

The research design includes the following stages:

1." Literature Review: A thorough review of existing literature to establish a theoretical
framework and identify key performance metrics and optimization strategies for EV
conversions.

2. ' Data Collection: Collection of quantitative data throughssimulations and real-world
testing of converted EVs, and qualitative data through expert interviews and case studies.
3. Data Analysis: Analysis of collected data to evaluate performance metrics and identify
optimization opportunities.

4. Optimization: Implementation ;and testing of identified optimization strategies to
enhance EV performance.

2.2 Vehicle Selection and Conversion Process

A representative sample of ICEVs was selected based on criteria such as vehicle type,
age, and condition to ensure diverse test cases. The selected vehicles include both
passenger cars and light commercial vehicles to assess the feasibility and performance
across different applications.

The conversion process involves the following steps:

. Removal of ICE Components: Dismantling the internal combustion engine, fuel
system, and exhaust system:.

. Installation of Electric_Components: Integrating electric motors, LiFePO4 battery
packs, and control systems. The “specifications..for..the-electric components are
standardized to ensure consistency across the converted vehicles.

+  System Integration: Ensuring proper integration of the electric components with
existing vehicle systems, including brakes, steering, and auxiliary systems.

2.3 Data Collection

Simulation Simulation tools, such as MATLAB/Simulink and AVL CRUISE, were used
to model the converted EVs and predict their performance under various conditions. Key
input parameters for the simulations include:
*  Vehicle mass and aerodynamics
»  Battery specifications (capacity, voltage, energy density)
. Motor characteristics (power, torque, efficiency)

. Driving cycles (urban, suburban, highway)
Last name of the first author | Title
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The simulations provided baseline data on range, efficiency, acceleration, and battery
longevity.

Real-World Testing Real-world testing involved driving the converted EVs under
controlled conditions and typical usage scenarios. Performance metrics were recorded
using data logging equipment, including:

. Range Testing: Measuring the maximum distance traveled on a full charge.

. Efficiency Testing: Recording energy consumption during different driving cycles.

*  Acceleration Testing: Measuring time to accelerate from 0 to 60 mph.

. Battery Testing: Monitoring battery..performance and. degradation over multiple
charge-discharge cycles.

2.3.1 Expert Interviews Interviews with experts in EV conversion, battery technology, and
automotive engineering provided qualitative insights into challengeswand best
practices. These interviews helped validate simulation results and real-world'data.

2.3.2 Quantitative Analysis Quantitative data from simulations and real-world testing were
analyzed using statistical methods to identify patterns and. correlations. Key
performance metrics were compared to industry standards and benchmarks to
assess the effectiveness of the conversions.

2.3.3 Qualitative Analysis Qualitative data from expert interviews were analyzed using
thematic analysis to identify common.themes and insights related to optimization
strategies and practical considerations.

2.4 Optimization

Battery Management System (BMS) Optimization

Advanced BMS algorithms were implemented to improve battery performance, safety, and
longevity. The optimization focused on:

+ State of Charge (SOC) Estimation: Accurate estimation of SOC to prevent
overcharging and deep discharging.

+ Thermal Management: Efficient thermal management to maintain optimal battery
temperatures.

. Balancing: Cell balancingto ensure uniform _performance and extend battery life.
Regenerative Braking

Regenerative "braking systems were fine-tuned to maximize energy recovery during
deceleration, thereby extending the range ‘and'improving overall efficiency.

Aerodynamic and W eight Optimization

Aerodynamic modifications, such as underbody panels and rear spoilers, were tested
to reduce drag. Weight optimization techniques, including the use of lightweight materials,
were applied to improve vehicle efficiency.
Validation and Testing The.optimized vehicles underwent further testing-tovalidate the
improvements in performance metrics. The results'were ‘compared to the baseline data to
quantify the effectiveness of the optimization strategies.

3. RESULT AND DISCUSSION

3.1 Results

Simulations indicated that the range of the converted EVs varied significantly based on
vehicle type and driving conditions:

. Passenger Cars: Average range of 150-200 km per full charge in urban driving
conditions.

. Light Commercial Vehicles: Average range of 120-170 km per full charge in mixed
driving conditions. The range was generally lower than modern factory-built EVs due to the

Last name of the first author | Title
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weight and aerodynamics of the converted vehicles, but it was considered adequate for
daily commuting and urban use.

Efficiency

The efficiency of the converted vehicles, defined as the ratio of useful work output to total
energy input, was found to be:

. Urban Driving: 85-90%

. Highway Driving: 75-80% The higher efficiency in urban driving can be attributed to
the frequent use of regenerative braking, which«recaptures energy during stop-and-go
traffic.

Acceleration

Acceleration tests revealed that converted EVs performed adequately. in terms of
acceleration:

*  0-60 mph (0-100 km/h): Average time of 10-12 seconds for passenger cars, 12-15
seconds for light.commercial vehicles. This perfermance is comparable to small.to mid-
sized factory-built EVs and significantly better than the original ICE configurations.

»  Acceleration tests in real-world conditions closely matched the simulation predictions,
with passenger cars and light commercial vehicles meeting the expected performance
benchmarks.

Battery Longevity
The simulations predicted a battery lifespan.of over 2000 cycles (approx. 8-10 years of
typical use), consistent with the.known.longevity of LiFePO4 batteries.

Range and Efficiency

Real-world testing confirmed the simulation results, with actual ranges and efficiency
slightly lower due to real-world driving variations:

*  Passenger Cars: Achieved ranges of 140-190 km.

+ ' Light Commercial Vehicles: Achieved «ranges.—of 110-160 km. Efficiency
measurements were consistent with simulation results, with urban-driving showing higher
efficiency due to regenerative braking.

Battery Performance

Battery performance and degradation were monitored over several months:

. Minimal degradation was observed, indicating the robustness of LiFePO4 batteries in
real-world use.

+  Temperature management systems effectively maintained battery temperatures within
optimal ranges, ensuring consistent performance.

Battery Management System (BMS)

Optimizations in the BMS led to:

+ Improved SOC Estimation: Enhanced accuracy in SOC estimation resulted in better
range predictions and battery health management.

*  Thermal Management: Effective thermal management systemsrreduced the instances
of overheating, thereby extending.battery life.

*  Cell Balancing: Improved cell balancing techniques led to uniform performance across
the battery pack.

Regenerative Braking

Fine-tuning regenerative braking systems resulted in:

. Increased Energy Recovery: Up to 20% more energy recovered during braking,
significantly enhancing overall efficiency and range.

Aerodynamic and Weight Optimization

Aerodynamic improvements and weight reduction efforts yielded:

. Reduced Drag: Achieved a 5-7% reduction in drag coefficient, contributing to better
efficiency and extended range.

Last name of the first author | Title



eyieyer uabap yiuyaijod uizi edue)

g
v
[
=}
Q
[
£
T
o
=
—
Q.
o
==
=
[}
-
<
=
=
Q
=
=
[}
T
[}
=
=
=
Q
o
=
<
o
=
Q
g
e
[
-
v
o
=
(1)
==
=,
==
-
[
Q
[}
—
[
o
=
o
-
-
o

N
= - Y
o ]
s 28
3 2 @
Q@ c 3
355
=] -
83g
=]
3 <
c Q
c
233
o g
= ~
~
Sa 3
3 =%
3 =
o s
33¢
-]
- T
o
5352
S eg
5
< ®
o 2
T
s QP
Q s 3
o £
3 =
'ﬂ_l’ [
8 97
< °
w m
oD 3>
£ 3=
c 4
25
2873
2 o<
<
o B
= =
€ 9 3
= x
e
2. °
o
s 2
Q —
3 £
5 B
©
z ¢
o
~ 3
5 T
5 B
T =
€ £
= ©w
Q
=]
=
.‘.
=
~
Q
-+
Q
=
o
3.
8
=
8
=
w
[ =
{ )
g
=
3
1)
w
o
Q
=3

oL
m
=
0
T
~*
Y

ar
m
x
0
©
-+
Y
2.
;
o
2
-
®
x
E.
x
=
®
Q
o
:.
L
o
x
3
*
-+
Y

-
2
o
=
Q
=
Q
3
[}
=]
Q
c
-
T
w
[}
o
o
b=
o
=
o
-
o
c
["d
o
c
=
c
=
=
o
-
<
)
~
<
w
=
-
o
=
T
o
3
(]
=]
n
Q
=
-
c
=
==
o
=
Q.
o
=
3
[}
=
<
[}
T
c
-
=
o
=
w
c
3
o
[}
-

JEMMME (Journal of Energy, Mechanical, Material, and Manufacturing Engineering)
Vol.x, NO. XX, XXX XXXX

*+  Weight Savings: Lightweight materials and design optimizations reduced vehicle
weight by approximately 10%, improving acceleration and efficiency.

3.4.3 Conclusion

Performance Comparison The converted EVs, while not matching the performance of
the latest factory-built EVs, demonstrated substantial improvements over their original ICE
configurations. The use of LiFePO4 batteries proved effective, offering a good balance
between safety, longevity, and performance.

Feasibility and Practicality The findings highlight. the«feasibility of converting ICE
vehicles to EVs using LiFePO4 batteries, especially for urban.and'short-range applications.
The cost of conversion, though significant, can be justified by the leng-term savings on fuel
and maintenance.

Limitations and Challenges Key challenges identified include:

. Initial Conversion Cost: High upfront costs remain a barrier, though decreasing battery
prices and technological advancements are expected to mitigate this issue.

*+  Weight'and Aerodynamics: Existing vehicle designs are not optimized for EV
configurations, impacting performance. Future projects could benefit from more
comprehensive redesigns to address these issues.

Future Directions, Future research should focus on:

*  Advanced Battery Technologies: Exploring higher energy density batteries and solid-
state technologies to improve range and reduce weight.

. Integrated Design Approaches.. Developing conversion kits that integrate more
seamlessly with existing vehicle structures.

. Policy and Incentives: Advocating for policies and incentives to 'support EV
conversions, making them more accessible and.economically viable,

4. CONCLUSION

The results demonstrate that converting ICE vehicles to EVs using LiFePO4 batteries
is a viable and effective approach to promoting. sustainable transportation. The
optimizations implemented in this study significantly improved the performance metrics of
the converted vehicles, makingthema practical solution for reducing reliance on fossil fuels
and lowering emissions. Future advancements in“battery technology and supportive
policies will further enhance the feasibility and attractiveness of EV conversions.

4.1 Performance Analysis
Evaluation of the converted vehicle’s performance, comparing pre- and post-conversion
metrics. Analysis of range, energy consumption, and efficiency.

4.2 Optimization Strategies
Identification of optimization opportunities, including battery management systems (BMS),
regenerative braking, and aerodynamic improvements.

4.3 Comparative Analysis
Comparison with other battery chemistriessand.EV..conversion-projects, highlighting the
advantages and potential trade-offs of using LiFePO4 batteries.

This study demonstrates that LiFePO4 batteries offer a reliable and efficient solution for
electric vehicle conversions. The performance analysis indicates significant improvements
in range and efficiency, while optimization strategies further enhance the viability of such
conversions. Future research should focus on long-term testing and broader applicability
across different vehicle types.
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