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The rapid growth of electric vehicles (EVs) has intensified research
efforts toward safe, reliable, and high-performance battery systems.
Battery technology plays a critical role in determining the efficiency,
lifespan, and safety of electric vehicles. Lithium-ion batteries currently
dominate the EV market due to their high energy density and maturity,
while solid-state batteries are emerging as a promising alternative with
enhanced safety characteristics. However, challenges such as
temperature rise, thermal runaway, and fire hazards continue to limit
large-scale adoption and public confidence. This review critically
analyzes existing literature on lithium-ion and solid-state battery
technologies, battery management systems (BMS), and thermal safety
strategies employed in electric vehicles. The paper highlights key safety
challenges, recent advancements, and future research directions aimed

at improving battery reliability and fire prevention in EV applications.

Page | 65



fr:%] The Academic Volume 4 | Issue 1 | January 2026

Introduction

The increasing demand for clean and energy-efficient transportation has accelerated the development of
electric vehicles. Batteries serve as the core energy storage component in EVs and directly influence
driving range, charging behavior, cost, and safety. Although lithium-ion batteries have reached
commercial maturity, several fire incidents associated with battery overheating have highlighted the
importance of improved safety mechanisms. As a result, research efforts are now focused on alternative
battery chemistries, intelligent battery management systems, and effective thermal management
techniques. This review paper aims to analyze these critical aspects with a focus on enhancing safety and

reliability in electric vehicle applications.
Lithium-Ion Batteries in Electric Vehicles:

Lithium-ion batteries are widely used in electric vehicles due to their high energy density, long
cycle life, and relatively high efficiency. A typical lithium-ion battery consists of a cathode, an anode, a
liquid electrolyte, and a separator. Commonly used cathode materials include lithium nickel manganese

cobalt oxide (NMC) and lithium iron phosphate (LFP).

Despite their advantages, lithium-ion batteries are sensitive to operating conditions. Factors such
as overcharging, high discharge rates, mechanical damage, or elevated ambient temperatures can result in
excessive heat generation. If this heat is not properly managed, it can lead to thermal runaway and severe

safety hazards.
Solid-State Batteries: Emerging Alternative for EVs:

Solid-state batteries represent an advanced energy storage technology in which the liquid
electrolyte is replaced by a solid electrolyte. This structural modification significantly improves safety by

reducing the risk of leakage and flammability.

Figure 1 illustrates the structural differences between conventional lithium-ion batteries and solid-state
batteries. Lithium-ion batteries employ liquid electrolytes that are prone to leakage and thermal
instability, whereas solid-state batteries use solid electrolytes that enhance thermal stability and safety.
This comparison highlights the potential of solid-state batteries as a safer alternative for future electric

vehicle applications.
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Figure 1: Comparison of lithium-ion and solid-state battery structures
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Battery Management System (BMS):

The battery management system is a crucial component responsible for monitoring, controlling, and
protecting the battery pack in electric vehicles. It continuously tracks parameters such as voltage, current,

temperature, and state of charge to ensure safe and efficient operation.

Figure 2: Functional block diagram of a Battery Management System (BMS)
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Figure 2 shows the major functional blocks of a battery management system, including sensing units,
control logic, cell balancing circuits, and protection mechanisms. By monitoring real-time battery
conditions and taking corrective actions, the BMS plays a vital role in preventing overcharging, deep

discharging, and overheating of battery cells.
Source: Adapted from www.researchgate.net
Temperature Rise and Fire Hazards in Electric Vehicles:

Temperature rise within battery packs is one of the most critical safety challenges in electric vehicles.

Excessive heat generation can accelerate battery degradation and trigger dangerous failure modes.

Figure 3: Thermal runaway and fire propagation mechanism in EV battery packs
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Figure 3 illustrates the thermal runaway process in an electric vehicle battery pack. Abnormal heat

generation caused by overcharging, internal short circuits, or mechanical damage can initiate a rapid

temperature rise. If not effectively controlled, this heat can propagate to adjacent cells, leading to fire or

explosion, emphasizing the importance of thermal management systems.
Source: Adapted from www.researchgate.net

Thermal Management and Fire Prevention Strategies:

To reduce the risk of battery overheating and fire incidents, various thermal management

techniques are employed in electric vehicles. These include air cooling systems, liquid cooling

arrangements, and the use of phase change materials to absorb excess heat. Additionally, advanced

battery pack designs, flame-retardant materials, and intelligent monitoring systems further enhance

safety.

Future Research Directions

Future research in the electric vehicle sector is expected to focus on improving battery safety, increasing

energy density, and reducing system costs. Solid-state batteries, advanced diagnostic algorithms in

battery management systems, and intelligent thermal control strategies are likely to play a significant role

in next-generation electric vehicles.
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Conclusion:

This review has presented a comprehensive analysis of battery technologies, management systems, and
thermal safety challenges in electric vehicles. Lithium-ion batteries continue to serve as the backbone of
current EV technology, but their susceptibility to overheating and thermal runaway necessitates advanced
safety mechanisms. Solid-state batteries offer a promising pathway toward improved thermal stability
and reduced fire risks, although challenges related to cost and scalability remain. The effective
integration of battery management systems and thermal management strategies is essential to ensure safe
operation and enhance battery lifespan. Continued research in battery materials, intelligent monitoring,
and thermal control is crucial for the development of safer and more reliable next-generation electric

vehicles.
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