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Preface

THE ELECTRIC VEHICLE (EV) revolution is no longer a
distant vision—it is here, reshaping the automotive world and
redefining how we think about performance, reliability, and
sustainability. At the core of this transformation lies a single
component: the battery. More than just a source of power, the
EV battery is the equivalent of the engine, fuel tank, and heart
of the vehicle combined. Its condition directly determines the

car’s range, performance, and longevity.

And yet, despite its importance, clear and practical knowledge
about EV batteries is still hard to find. Owners are often left
with vague advice, technicians face rapidly changing
technology, and enthusiasts searching for optimization
strategies -encounter scattered- or overly technical resources.
This gap between theory and practical understanding inspired
me to write this book.

Why this book?

This book was written to serve as both a technical reference
and a practical guide. It is not about abstract research papers,
nor is it a superficial overview. Instead, it combines engineering
principles with hands-on strategies that owners, technicians,
and automotive enthusiasts can apply directly to their vehicles.
Whether you are:

e an EV owner who wants to maximize battery life and
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performance,

o a technician secking deeper insight into diagnostics
and optimization, or

e an enthusiast eager to understand the “hidden
power” within modern EVs,

this book is designed for you.

Throughout the chapters, we will explore the fundamentals
of EV battery chemistry, dive into the intricacies of Battery
Management Systems (BMS), and uncover strategies to
optimize thermal management, charging habits, and long-term
reliability. Special attention is ‘given to -diagnostics,
troubleshooting, and real-world case studies, so you walk
away not only with knowledge but also with practical tools to

apply.

I believe that mastering EV battery management is not just
about extending range or performance—it is about building
confidence in the technology and ensuring that the shift
toward electrification is one of sustainability, trust, and

innovation.

This book complements my previous works in the Future of
Automotive Engineering Series, extending the focus into one of
the most critical and fast-evolving areas of modern mobility.
My hope is that it equips you with both clarity and confidence
in navigating the future of electric vehicles.

Mohammed Hamed Ahmed Soliman

Cairo, Egypt



About the Author

MOHAMMED HAMED AHMED Soliman is a
mechanical engineer and professor of industrial and systems
engineering at the American University in Cairo. With over
two decades of academic and professional experience, he has
authored more than 100 scientific publications and books on
engineering,  automotive  technology, and  systems
optimization. His work bridges the gap between rigorous
theory and practical application, making complex concepts
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tuner, immersed in the world of performance engineering since
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cars for -both performance and reliability, combining
engineering expertise with real-world automotive passion.
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Egyptian Autocross Championship, gaining first-hand
insight into motorsport dynamics, vehicle tuning under
competitive pressure, and the balance between speed and
durability.

His passion for cars extends to the digital world as well. He
is the creator of Car Tuning Lovers, a Youlube channel
dedicated to performance tuning, diagnostics, and automotive
know-how, where he shares insights with a  growing
community of car enthusiasts worldwide.
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This unique blend of academic rigor, professional engineering,
competitive _motorsport,. and enthusiast-level  tuning
experience “allows Mohammed to approach automotive
engineering from multiple perspectives—bridging the
laboratory, the garage, and the racetrack. His Future of
Automotive Engineering Series reflects this multidimensional
background, offering readers both authoritative knowledge
and practical guidance.



Chapter 1: Introduction to EV
Battery Systems

ELECTRIC VEHICLES ARE more than just cars without
tailpipes—they represent a complete rethinking of how energy
is stored, delivered, and managed on the road. At the heart of
every EV lies its battery pack, a sophisticated energy storage
system that functions as the car’s engine, fuel tank, and
lifeblood all at once. Understanding this system is the first step
toward maximizing performance, reliability, and long-term

value.



1.1 The Role of the EV Battery

UNLIKE CONVENTIONAL vehicles, where energy is
stored chemically in liquid fuel and released through
combustion, EVs rely on electrochemical storage within
rechargeable cells. The battery does more than just “hold
electricity”

+ Power Delivery - supplies the high-voltage energy
needed to propel the car through electric motors.

+ Energy Buffering — balances demand between
acceleration, regenerative braking, and charging.

« System Integration — communicates constantly with
the Battery Management System (BMS), thermal
systems, and power electronics.

+ Reliability Factor — determines the vehicle’s range,

lifespan, and resale value.

In many ways, when you buy an EV, you are really buying the
battery first—the car is built around it.



1.2 From Early Batteries to Modern
EV Packs

THE EVOLUTION OF BATTERY technology has been
rapid:

« Lead-Acid (1800s — early 1900s): Heavy, low
energy density; still used today for 12V auxiliary
systems.

+ Nickel-Metal Hydride (NiMH, 1990s): Popular in
carly hybrids (e.g., Toyota Prius), more durable but
less energy dense than lithium-ion.

« Lithium-Ion (2000s — today): High energy density,
lightweight, rechargeable thousands of times.
Current EV standard.

« Solid-State (emerging): Promises higher safety,
faster charging, and longer life, expected within the

next decade.

This progression reflects the push for greater energy storage in
smaller, safer, and lighter packages—exactly what modern EVs
demand.



1.3 Battery Pack Architecture

AN EV BATTERY PACK is not a single giant cell, but a
carefully engineered hierarchy:

1. Cells - The smallest unit, each storing a small
amount of energy (e.g., 3.6-3.7 V).

2. Modules — Groups of cells connected in series/
parallel for usable voltages.

3. Pack — Multiple modules combined with sensors,
wiring, cooling systems, and protective casings.

This modular approach ensures reliability: if one cell weakens,

the BMS can isolate, balance, or compensate for it.

Diagram (text description for book): Imagine rows of AA-sized
cells grouped into modules, then stacked together to form a large
suitcase-shaped battery pack beneath the car’s floor.
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