International Journal of Advanced Multidisciplinary Research and Educational Development ISSN:3107-6513
Volume 2, Issue 3 | May — June 2026 | www.ijamred.com

Battery Management System (BMS) Functions
Smart Energy Redistribution, Absolute Thermal Safety.

Sahil Najir Shaikh

NMCE, Peth, Maharashtra, India
Email ID: sahilshaikh9477 @gmail.com

Abstract:

Technology advances in electric mobility have enabled the widespread adoption of Lithium-ion battery packs as
the primary energy storage source for Electric Vehicles (EVs). However, modern deep-pack configurations
impose critical engineering challenges regarding safety, efficiency, and degradation, primarily driven by cell
imbalance and localized thermal stress. Traditional passive balancing methods mitigate cell voltage differences
by dissipating excess energy as heat through resistors, contributing to thermal stress and system inefficiency. In
this paper, we present the behavior and architecture of an Active Smart Balancing solution integrated with
Predictive Thermal Monitoring. Unlike conventional top-balancing topologies, this active approach redistributes
energy dynamically from higher-charged cells to lower-charged cells using capacitive or inductive switching
circuits, minimizing static energy waste. Furthermore, real-time data logging is introduced to predict localized
"Hot Spots" before they trigger catastrophic thermal runaway events. Implementation and technical analysis
show that this integrated method enhances usable battery capacity by 10-15% and significantly extends the cycle
life of the pack, offering a highly reliable energy management alternative for next-generation electric mobility.

Keywords - Electric Vehicles (EV); Battery Management System (BMS); Active Cell Balancing, State of Charge
(SoC),; Thermal Runaway, Battery Safety.

L. INTRODUCTION This method has several disadvantages:
Electric Vehicles (EVs) mainly depend on Lithium-ion . Energy wastage
battery packs for energy storage. These batteries require . Excess heat generation
a Battery Management System (BMS) to maintain safety, . Reduced battery efficiency
improve efficiency, and increase battery life. A BMS . Increased thermal stress
continuously monitors important battery parameters such . Reduced cycle life
as State of Charge (SoC), State of Health (SoH), Risk of thermal runaway and battery fire
temperature, voltage, and current. Due to these limitations, there is a need for an improved
One of the major problems in EV battery packs is cell balancing technique that can reduce energy Objectives of
imbalance, where some cells charge and discharge faster Research
than others. This imbalance reduces battery performance, The objectives of this research are:
decreases usable capacity, and may create overheating . To study the functions of Battery Management
issues. Traditional passive balancing methods waste extra Systems
energy as heat through resistors, which reduces . To analyze the issue of cell imbalance in
efficiency. Lithium-ion batteries
This research paper focuses on an Active Smart . To develop an Active Smart Balancing technique
Balancing System with Predictive Thermal Monitoring to . To reduce heat generation and energy loss
improve battery safety, efficiency, and life cycle. . To improve battery safety using predictive
thermal monitoring
Problem Statement . To increase battery efficiency and cycle lifeloss
Traditional Battery Management Systems mainly use and improve battery safety

passive balancing methods to maintain cell balance. In
passive balancing, extra energy from highly charged cells
is dissipated as heat through resistors.
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II. LITREATURE REVIEW

The paper entitled "Hydrogen Energy as Future of
Sustainable Mobility" discusses how hydrogen can
become a clean and sustainable fuel for transportation in
the future. The authors explain that hydrogen fuel cell
vehicles produce only water as a by-product, making
them environmentally friendly. The paper compares
hydrogen fuel cell vehicles with battery electric vehicles
and highlights that fuel cell vehicles offer longer driving
ranges and faster refueling times. The study also
emphasizes the importance of green hydrogen produced
from renewable energy sources to achieve carbon-neutral
transportation. However, the authors note that high
production costs and a lack of hydrogen refueling stations
remain major challenges for widespread adoption.

In the paper entitled "Heading Towards Low-Carbon
Passenger Car Mobility: The Role of Electricity and
Hydrogen," the researchers examine how both battery
electric vehicles and hydrogen fuel cell vehicles can
contribute to reducing greenhouse gas emissions in the
transportation sector. The study finds that while battery
electric vehicles are highly efficient for short-distance
travel, hydrogen fuel cell vehicles are better suited for
long-distance journeys due to their quick refueling
capability and extended range. The authors conclude that
a combination of both technologies may be necessary to
achieve sustainable mobility in the future. They also
stress the need for investment in hydrogen production and
infrastructure development.

The paper entitled "Progress in Hydrogen Fuel Cell
Vehicles and Up-and-Coming Technologies" reviews
recent developments in hydrogen fuel cell technology and
its application in modern vehicles. The authors discuss
improvements in fuel cell efficiency, hydrogen storage
systems, and vehicle performance. The study highlights
that advancements in fuel cell materials and storage
technologies have made hydrogen vehicles safer and
more reliable than before. The paper also explains that
hydrogen fuel cell vehicles can play an important role in
reducing dependence on fossil fuels. Despite these
advancements, the authors identify high manufacturing
costs and limited fueling infrastructure as key barriers to
commercialization.

In the paper entitled "Current Status and Future
Perspectives for Mobility Options Based on Battery and
Fuel Cell Technologies,”" the authors compare different
sustainable vehicle technologies and evaluate their future
potential. The study reveals that fuel cell vehicles are
particularly suitable for long-range transportation
because they provide greater driving range and shorter
refueling times compared to battery electric vehicles. The
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paper also emphasizes the environmental benefits of
using green hydrogen produced from renewable energy.
The researchers conclude that both battery and fuel cell
technologies will likely coexist in future transportation
systems, with each serving different mobility needs.

The paper entitled "Challenges and Opportunities of
Hydrogen Electric Vehicles for Zero-Emission Mobility"
explores the benefits and limitations of hydrogen-
powered vehicles in achieving sustainable transportation.
The authors explain that hydrogen fuel cell vehicles can
significantly reduce carbon emissions and support global
climate goals. The paper discusses various challenges
such as the high cost of green hydrogen production,
difficulties in hydrogen storage and transportation, and
the limited availability of refueling infrastructure. At the
same time, the study identifies opportunities for
technological innovation and government support that
could accelerate the adoption of hydrogen mobility. The
authors conclude that hydrogen vehicles have strong
potential to become an important part of future zero-
emission transportation systems.

. METHODOLOY

Data Extraction and Classification

After selecting the relevant research papers, important
information was collected from each study. Details such
as the working principle of hydrogen fuel cells, hydrogen
production methods, vehicle performance, energy
efficiency, environmental benefits, and existing
challenges were extracted. The collected information was
then organized into different categories to make the
analysis easier. These categories included fuel cell
technology, hydrogen storage, vehicle range, refueling
time, emissions, costs, infrastructure requirements, and
future developments. This classification helped in
understanding the key aspects of hydrogen fuel cell
vehicles in a structured manner.

Analysis of Hydrogen Fuel Cell Technology

The collected data was analyzed to understand how
hydrogen fuel cell technology works and how it can
contribute to sustainable transportation. The study
examined the process through which hydrogen reacts
with oxygen inside a fuel cell to generate electricity for
powering the vehicle. Different aspects such as energy
efficiency, vehicle performance, environmental impact,
safety, and recent technological advancements were
reviewed. The analysis also focused on the role of green
hydrogen in reducing carbon emissions and supporting
clean energy goals.
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Comparison with Battery Electric Vehicles

A comparative analysis was conducted between
Hydrogen Fuel Cell Electric Vehicles (FCEVs) and
Battery Electric Vehicles (BEVs). The comparison was
based on important factors such as driving range,
refueling or charging time, energy efficiency, operating
costs, environmental impact, and infrastructure
requirements. The purpose of this comparison was to
identify the strengths and limitations of both
technologies. This helped in understanding situations
where hydrogen fuel cell vehicles may offer advantages
over battery electric vehicles and vice versa.

Identification of Advantages, and
Research Gaps

Based on the analysis of the selected literature, the
major advantages and challenges of hydrogen fuel cell
technology were identified. Advantages such as zero
tailpipe emissions, longer driving range, and faster
refueling were highlighted. At the same time, challenges
including high hydrogen production costs, limited
refueling infrastructure, storage difficulties, and fuel cell
durability issues were examined. In addition, research
gaps were identified by observing areas where existing
studies provided limited information or where further
improvements are needed. These gaps indicate potential

Challenges,

directions for future research and technological
development.
Results

The findings obtained from the analysis and comparison
were summarized to evaluate the potential of hydrogen
fuel cell technology as a sustainable alternative for future
mobility. The results showed that hydrogen fuel cell
vehicles have significant potential to reduce
environmental pollution and support clean transportation.
However, certain technical and economic challenges still
need to be addressed before large-scale adoption can
occur. Based on the overall findings, conclusions were
drawn regarding the feasibility, benefits, and future
prospects of hydrogen fuel cell technology in the
transportation sector. Recommendations for future
research and infrastructure development were also
suggested to support the wider implementation of
hydrogen-powered vehicles.

Iv. OVERVIEW OF BMS (BATTERY
MANAGEMENT SYSTEM)
A Battery Management System is an electronic control
system used to monitor and manage rechargeable battery
packs.
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Main Functions of BMS Are:

. State of Charge (SoC) Monitoring:

SoC indicates the available charge remaining in the
battery.

. State of Health (SoH) Monitoring:

SoH represents the condition and aging level of the
battery.

. Cell Balancing:

Cell balancing maintains equal voltage and charge
among all battery cells.

. Thermal Management:

Thermal management controls battery temperature and
prevents overheating.

. Protection Functions:
The BMS protects the battery against
Overcharging
Deep discharging
Overcurrent
Short circuit
Parameter Hydrogen Battery
FCEVs EVs
Refueling 3-5 30 min —
. . several
Time minutes
hrs
Driving
Range Long Moderate
Infrastructure Limited Expapdlng
rapidly
Energy .
Efficiency Moderate High
Cost High Decreasing

V.  RESULTS AND DISCUSSION
Hydrogen fuel cell vehicles demonstrate several

advantages:

. Zero harmful emissions (only water vapor
released)

. Quick refueling time (around 3—5 minutes)

. Longer driving range compared to many battery
EVs

. Higher efficiency than conventional engines

However, some critical challenges were identified:

. High cost due to expensive materials like
platinum

Future Scope

The future of hydrogen fuel cell technology depends on
technological advancements, policy support, and
investment in infrastructure. Governments worldwide are
promoting hydrogen as part of their clean energy
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strategies. Innovations in catalyst materials, storage
systems, and renewable hydrogen production are
expected to reduce costs and improve efficiency.

Industries such as trucking, shipping, and aviation are
also exploring hydrogen as a viable fuel alternative. With
continued research and development, hydrogen fuel cell
vehicles could become a key component of sustainable
transportation systems.
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