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Abstract- Electric mobility these days presents a
crystal-clear solution for addressing issues like
climate change, pollution, and energy security.
Whereas the existing technology in electric vehicles
is being modernized, ICEs belong to the past. Electric
drive motor technologies have been integrated to
improve the efficiency, performance, and reliability
of electric vehicles. These are brushless direct
current motors (BLDC), AC induction motors,
permanent magnet synchronous motors (PMSM),
and switched reluctance motors (SRM) for the
motivation of electric drive motor technologies. The
impacts of each motor technology are in terms of
energy efficiency, power density, economic factors,
and management totally coordinating efforts to strive
for optimum conditions. BLDC motor types are the
best-known and recognized technologies due to their
prime attributes—the efficiencies and the reliability
attributes; whereas the AC induction motor is
believed to be practically maintenance-free. PMSMs
attain the highest power density and the highest
efficiencies and are more readily found in high-
performance applications for EVs, while SRMs are
chosen for a slight cost advantage and durability
coupled with the fewest limitations on operations.
The final choice of a type of motor technology will
largely depend on considerations such as
performance, power requirements, energy efficiency,
raw material prices, and complexity of control to be
incorporated into a vehicle system. This paper will
cover an in-depth discussion on the comparison of
electric drive motors from their working principles.

Indexed Terms- Electric mobility, electric vehicles,
electric drive motors, brushless DC motors, AC
induction motors, permanent magnet synchronous
motors, switched reluctance motors, energy
efficiency, sustainable transportation, motor
technology advancements.
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l. INTRODUCTION

Environmental  restrictions and  economical
advantages from the advancement of technology have
escalated the acceptance and growing popularity of
electric vehicles. For the last century, the internal
combustion engine (ICE) has served almost
exclusively to propel vehicles. The transport system
using fossil energy has terribly affected the
environment regarding air quality emissions,
greenhouse gas emissions, and climate change. All
these parameters have led society to feel the need for
a transition from the prevailing and predominant fossil
fuel base for mobility. Electric mobility represents a
new paradigm shift in aiding this entire premise with
government, industry, and consumer backing in using
it as a core leg for the further reduction of global
carbon footprints and air quality enhancement the
world over.

Electric mobility, in principle, refers to all electricity-
driven vehicles, including battery electric vehicles
(BEVS), plug-in hybrid electric vehicles (PHEVS), and
hybrid electric vehicles (HEVS). These vehicles use
electric motors through battery recharging compared
to an internal combustion engine, which typically
burns gasoline or a fill oil. The policy framework has
been designed to support economic or other incentives
for using electric mobility to clean up the act in terms
of fuels, as opposed to its converse-fossil fuels-in use
in various modes and services of transport.
Improvements in battery efficiency technology,
particularly over the last few years, including that of
lithium-ion and solid-state batteries, have greatly
facilitated battery-electric vehicle performance.
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1. GROWTH TRENDS IN ELECTRIC
MOBILITY

The electric vehicle market has experienced
tremendous growth over the past ten years, which is
attributable to consumer awareness of electrification,
advancements in battery technologies, and favorable
deployment through government policies. Global EV
sales crossed the 10 million units mark in the year
2022, reflecting an increase exceeding 60% compared
to the previous year. Stage three, which is being driven
by major markets like China, Europe, and the United
States, comprises China, which alone accounted for
more than one-half of the aggregate EV sales
worldwide (Gis & Menes, 2018).

The cost reduction concerning that element has been
battery technology which is the biggest cost element
in EV. This is one of the improving technologies
driving the speed for growth. In fact, according to
Bloomberg New Energy Finance (BNEF), lithium-ion
battery prices have dropped by over eighty percent
since 2010, making EVs affordable to the consumer. It
is expected that by 2025, additions for batteries would
not exceed one hundred dollars per kilowatt-hour
(kwh) and revolutionarily aid in achieving cost parity
with ICE vehicles within the short term (Sun et al.,
2019).

Charging infrastructures are also the main draws
behind the greater use of EVs. Both private and public
investments are pouring in today to build charging
networks that would allow fast and simple charging.
The opportunities to now make long-distance travel
possible have been completely changed with ultra-fast
chargers capable of giving an electric vehicle 80%
charge in less than half an hour (Agrawal & Rajapatel,
2020).

Policy incentives have always been crucial in making
rapid up surges and electric mobility implementation
major probabilities in the developed worlds. Many
countries have actually gone ahead boasting tax
incentives and subsidies while mandating a certain
percentage electric cars to be produced in-country.
The EU is relating its realities of emission reduction
commitments to pressures it puts on its part toward
automakers ramping up production of EVs. For
instance, the US reinstated tax credits for the
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purchases of EVs while the case is of China, extended
its subsidies and mounted quotas on manufacturers to
further propel EV uptake (Gis & Menes, 2018).

About 30% of global new vehicle sales would be
attributed to EVs, according to the estimations made
by the IEA. Norway, for example, has already set
timelines that are exceedingly ambitious for a total ban
on sales of new internal combustion engine vehicles.
Such arrangements give avenues toward a future fully
electric one. It bolsters the sustainability of electric
mobility, besides shaking dependency on COAL-
program electricity to provide charging to these EVSs,
with increased renewable energy generation in
addition (Plunkett & Kliman, 1980).

111, ENVIRONMENTAL AND ECONOMIC
BENEFITS

Aspects with electric mobility are highly associated
with a massive range of benefits to the environment
while ensuring a high ground for monetary returns
against traditional, fuel-based transport.

1. Reduced Carbon Emissions

One of the crucial advantages of electric vehicles is
that they minimize the emission of carbon. While
gasoline and diesel vehicles burn fuel and emit CO: as
well as other harmful pollutants into the environment,
fully electric vehicles produce no tailpipe emissions.
Studies also indicate that EVs have a lower overall
carbon footprint than typically gasoline or diesel
vehicles, even accounting for the emissions during
their electricity production (Sun et al.,, 2019).
Additionally, it further enhances environmental
benefits gained from electric mobility because of the
totally close transition of the electricity production to
renewable energy sources.

For example, a study by the Union of Concerned
Scientists shows that for an EV to be charged with an
average U.S. electricity grid mix, it emits in its life less
than half the carbon emissions of gasoline-powered
equivalents. In areas where the electricity is
predominantly renewable, like Norway and parts of
California, EVs are nearly carbon neutral (Gis &
Menes, 2018).
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2. Federal Operation Savings

Electric vehicles are saving considerable amounts of
costs in their life time due to low fuel and maintenance
costs. Compared to gasoline and diesel, electricity is
less expensive as far as per mile basis is concerned,
thereby lowering the cost of operating an EV. The
number of moving parts they have, as compared to ICE
vehicles, has granted them lower maintenance
requirements. There are no oil changes, no exhaust
system repairs, no wear on engines compared to
traditional cars (Agrawal & Rajapatel, 2020).

Studies have indicated an average electric vehicle
owner can save between $600 and $1,000 on fuel costs
on an annual basis. Fleet operators, such as those
running delivery and ride-hailing companies, will
enjoy even more heavyweight savings on operating
costs and will therefore consider electric mobility a
worthwhile business investment (Plunkett & Kliman,
1980).

3. Energy Efficiency

In comparison to conventional fuel, electric vehicles
are much more energy efficient. ICEs convert only 20-
30% of the energy in the fuel into motion, while an EV
has more than an 80 percent efficient rate (Shen et al.,
2017). This consequently implies that a very high
percentage of energy stored within batteries moves the
vehicle forward, reduces wastage, and enhances
performance. The increased efficiency as compared to
conventional vehicles conserves energy, which
thereby alleviates the pressure being put on energy
resources globally.

The other feature of electric cars that helps keep them
energy efficient is the regenerative braking which is
converting kinetic energy to electrical energy that
stored in batteries within the vehicle. This procedure
assists in increasing distances traveled and creates less
wear on energy-costly braking components because
less wear is required, thus leading to reduced
maintenance expense on vehicles (Apribowo et al
2021).

The most significant factor causing this change is the

environment, but there are other features like
technological innovation and policy support which act
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as driving forces in transforming the global
transportation landscape. The burgeoning sales of
electric vehicles coupled with improvements in battery
technology and charging infrastructure have made
EVs become accessible and efficient in travel. From
the perspectives of environmental performance and
economic cost, the future will be governed by these
vehicles: EVs. As adoption increases by governments,
businesses, and consumers, the more that the transition
to a cleaner, energy-efficient transportation system
becomes inevitable.

IV.  TYPES OF ELECTRIC DRIVE MOTOR
TECHNOLOGIES

Electric drive motors play a critical role in the
performance, efficiency, and reliability of EVs. The
selection of an appropriate motor depends on factors
such as energy efficiency, cost, power density, and
control complexity. The four primary types of electric
drive motors used in EVs are brushless DC (BLDC)
motors, AC induction motors, permanent magnet
synchronous motors (PMSMs), and switched
reluctance motors (SRMs). Each motor type offers
unique advantages and is suited for specific
applications.

1. DC Motors

Among the earliest electric drive solutions, DC motors
are characterized by simple construction and ease of
control. However, traditional brushed DC motors are
very maintenance-intensive due to brush wear.
Nowadays, the brushless DC (BLDC) motors are
preferred for higher efficiency, reliability, and
performance (Apribowo et al., 2021).

Advantages:

High torque and power density Precise speed control
Reduced maintenance due to the absence of brushes

Challenges:
Requires electronic controllers for operation
Higher manufacturing cost compared to brushed DC

motors

Applications:

ICONIC RESEARCH AND ENGINEERING JOURNALS 206



© NOV 2022 | IRE Journals | Volume 6 Issue 5 | ISSN: 2456-8880

Light electric vehicles (e-bikes, scooters) Small
electric cars and motorcycles

Because of their efficacy in applications demanding
precise control and high efficiency, BLDC motors are
fast becoming a popular means of modern-day
mobility solutions (Apribowo et al., 2021) Robotics
equip controller sensors and current-reducing ignition
systems such as universal modes or commands. For
example, hybrid vehicles, electric bicycles, and other
forms of transport can use BLDC motors.

2. AC Induction Motors

The AC induction motors, already forged in the mind
of Nikola Tesla, found application in EVs due to their
ruggedness, efficiency, and ease of scale. Induction
motors are devoid of permanent magnets, unlike DC
motors, engendering a certain cost element in their
application (Plunkett & Kliman, 1980).

Advantages:

Simple and durable design

Lower manufacturing cost compared to PMSMs
Minimal maintenance due to the absence of brushes
and permanent magnets

Challenges:

Requires sophisticated motor controllers for optimal
efficiency Lower energy efficiency compared to
PMSMs at lower speeds

Applications:

Used in mid-to-high-end EVs, including Tesla Model
S and Nissan Leaf Industrial applications due to their
robustness

Because of their ability to handle high loads and
operate efficiently over a wide range of speeds, AC
induction motors have emerged as a common choice
among many EV manufacturers due to their economy
and ruggedness, notwithstanding their complex
controllers (Plunkett & Kliman, 1980).

3. Permanent Magnet Synchronous Motors (PMSM)
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Permanent magnet synchronous motors (PMSMs)
obtain their magnetic field through permanent
magnets, resulting in high efficiency and accurate
torque control. These motors have been extensively
applied in modern electric vehicles owing to their
superior power density and energy efficiency (Shen et
al., 2017).

Advantages:

High power density and efficiency Precise torque and
speed control Compact and lightweight design

Challenges:

Dependence on rare-earth materials, which are costly
and supply-constrained Higher manufacturing costs
compared to induction motors

Applications:

High-performance EVs, such as Tesla Model 3 and
BMW i3

Electric buses and industrial applications requiring
precise motor control

PMSMs have the upper hand over induction motors on
several fronts; however, they still depend on rare-earth
materials. Efforts are on the run to seeking alternative
materials and designing which can reduce such
dependency (Shen et al., 2017).

4. Switched Reluctance Motors (SRM)

Motors of the switched reluctance type work on the
principle of magnetic reluctance. This type of motor
has simple designs and is rugged, which makes them a
good option for application in an electric vehicle
economically (Hooper, 2011).

Advantages:

Low manufacturing cost due to the absence of rare-
earth magnets High-temperature tolerance and
durability

Suitable for high-speed operations

Challenges:
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High torque ripple, leading to vibration and noise
Requires advanced motor control algorithms for
smooth operation

Applications:

Used in emerging budget-friendly EV models
Industrial machinery and applications requiring high
durability

Although the use of SRMs is not that common when
compared to PMSMs or induction motors,
improvements in control strategies and noise
mitigation techniques have raised the viability of SRM
drives for cost-sensitive EV applications (Hooper,
2011).

The various technologies of electric drive motors each
possess certain advantages, and the choice of the
appropriate technology is determined by factors like
cost, efficiency, and application requirements.
PMSMs are favored in high-performance EVs, thanks
to their high efficiency, while AC induction motors are
a low-cost alternative with minimal maintenance.
BLDC motors are best suited for small electric
vehicles, while SRMs are gaining ground due to their

relatively low cost and robustness. As research
continues, the development of different motor
technologies is going to be crucial for the future of
electric mobility.

V. KEY SELECTION CRITERIA FOR
ELECTRIC DRIVE MOTORS

The selection of a motor for an EV depends on several
performance and economic factors:

Efficiency and
Energy
Consumption

Cost and material
availability

Control complexity
and maintenance

Comparative Analysis of Electric Drive Motor Technologies

Motor Type  Efficiency  Power Cost
Density

BLDC 85-95% High Medium
Motors

AC Induction  85-90% Medium Low
Motors

PMSM 90-96% Very High  High
SRM 85-90% Low Low

Emerging Trends in Electric Drive Technologies
With the increasing adoption of EVSs, several emerging
trends are shaping the future of electric motor

technology:

1) Rare-Earth-Free  Motors:  Researchers  are
developing alternative motor designs that
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Control Mainte  Applications

Complexity  nance

High Low Small EVs,
scooters

High Low Mid-size EVs,
Tesla Model S

High Low High-end EVs,
Tesla Model 3

High Low Budget-friendly
EVs

eliminate the need for rare-earth materials to
reduce costs and geopolitical dependencies (Shen
etal., 2017).

2) Solid-State Motors: Advances in semiconductor
technologies are enabling new designs that offer
higher efficiency and lower energy losses.

3) Integration of Al and IoT: Smart motor control
systems are improving efficiency, predictive
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maintenance, and real-time  performance
optimization.

4) Ultra-High Efficiency Motors: New materials and
cooling systems are being developed to push
efficiency beyond 96%.

An electric drive motor technology is selected based
on the specific needs of the EV application. PMSMs
suit high-performance electric vehicles because they
boast great efficiency and power density, with AC
induction motors being the lower-cost, sturdier choice.
Smaller electric vehicles are served credibly by BLDC
motors, with SRMs presenting an economical solution
for the low-cost electric market. As these advances
unfold in motor technology, manufacturers will seek
to improve efficiency and reduce cost and
environmental harm in order to speed up the global
acceptance of electric mobility.

CONCLUSION

The world is therefore concentrating on sustainable
transport options, with serious attempts being made to
reduce carbon emissions and enhance energy
efficiency for lesser dependence on fossil fuels.
Electric mobility is one of the "pillars" of sustainable
mobility. The electric vehicle (EV) market is now kind
of taking off because of the technological
developments of electric drive motor technologies
such as Brushless DC (BLDC), AC induction, and
Permanent Magnet Synchronous Motors (PMSM) and
Switched Reluctance Motors (SRM). Each motor
technology provides a potential choice for different
EV applications, depending on power density,
efficiency, operational characteristics, and cost;
moreover, all motor technologies provide unique
characteristics. The motor development environment
focuses on high performance and energy efficiency
with current trends evolving to reduce rare-earth
reliance. Al, ML, and loT technologies will accelerate
the ability of the motor control system to enhance
operational  efficiency and reliability. New
developments in battery technology and electric
mobility product charging infrastructure will therefore
create new opportunities for the product while
enhancing the proposition to consumers globally, in
addition to and beyond motor technologies and
conductors. Thus, the electric mobility industry is on
the path to sustain.

IRE 1703900

REFERENCES

[1] Agrawal, M., & Rajapatel, M. S. (2020). Global
Perspective on Electric Vehicle 2020. In
International Journal of Engineering Research
and (Issue 1). International Research Publication
House. https://doi.org/10.17577/ijertv9is010005

[2] Apribowo, C. H. B., Ahmad, M., & Maghfiroh,
H. (2021). Fuzzy Logic Controller and Its
Application in Brushless DC Motor (BLDC) in
Electric Vehicle - A Review [Review of Fuzzy
Logic Controller and Its Application in Brushless
DC Motor (BLDC) in Electric Vehicle - A
Review]. Journal of Electrical Electronic
Information and Communication Technology,
3(1), 35.
https://doi.org/10.20961/jeeict.3.1.50651

[3] Gis, W., & Menes, M. (2018). The development
of the world electric vehicles fleet in years 2010-
2017. In 10OP Conference Series Materials
Science and Engineering (Vol. 421, p. 22008).
IOP Publishing. https://doi.org/10.1088/1757-
899x/421/2/022008

[4] Hooper, I. R. (2011). Development of in-wheel
motor systems for formula SAE electric vehicles.
https://research-
repository.uwa.edu.au/en/publications/developm
ent-of-inwheel-motor-systems-for-formula-sae-
electric-vehicles(83al0ba2-81ab-43b2-a5a8-
61ca948ebfll)/export.html

[5] Plunkett, A. B., & Kliman, G. B. (1980). Electric
Vehicle AC Drive Development. In SAE
technical papers on CD-ROM/SAE technical
paper series. https://doi.org/10.4271/800061

[6] Shen,Y., Zhu, X., Xiang, Z., Fan, D., Wu, W., &
Yin, J. (2017). Design and analysis of a new flux-
intensifying permanent magnet brushless motor
with multilayer flux barriers. In AIP Advances
(Vol. 7, Issue 5). American Institute of Physics.
https://doi.org/10.1063/1.4974061

[7]1 Sun, X, Li, Z., Wang, X., & Li, C. (2019).
Technology Development of Electric Vehicles:
A Review [Review of Technology Development
of Electric Vehicles: A Review]. Energies, 13(1),
90. Multidisciplinary  Digital  Publishing
Institute. https://doi.org/10.3390/en13010090

ICONIC RESEARCH AND ENGINEERING JOURNALS 209



