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Abstract: This paper addresses the urgent requirement for sustainable transportation solutions, considering the limited availability of 

Earth's resources. Focusing on the vehicle sector, traditionally reliant on petroleum, the study emphasizes the urgency to find alternatives. 

Among various options like Hybrid Vehicles, Bio - fuel Vehicles, and Hydrogen Vehicles, the paper specifically delves into Battery - 

electric vehicles. Highlighting Battery - electric vehicle recent surge, the discussion emphasizes their role in reducing emissions and 

reliance on finite fuels. Despite challenges like limited range, Battery - electric vehicle, and Plug - in Hybrid Electric Vehicle (PHEV) 

sales have consistently grown since 2010. The environmental impact, including reduced city pollution and varied greenhouse gas 

emissions based on regional energy mixes, is explored. Global sales figures of major electric vehicle manufacturers, including the Renault 

- Nissan Alliance, Mitsubishi Motors, and Tesla Motors, underscore the industry's momentum. Government funding initiatives, such as 

the U. S. 's $2.4 billion federal grants and China's $15 billion investment, reflect global motivation for the initiative. The paper then 

scrutinizes the core components of Battery - electric vehicles, starting with Electric Motors. Various types, like DC motors, induction 

motors, permanent magnet motors, and switched reluctance motors, are evaluated for their suitability in vehicular applications. Battery 

Packs, crucial energy carriers, are explored next. Lead - Acid, Nickel Metal Hydride, Sodium (Zebra), and Lithium - ion batteries are 

assessed based on energy density, efficiency, lifespan, and environmental impact. Despite limitations, the ascendancy of Lithium - ion 

batteries, evident in Tesla Motors' success, is acknowledged.  
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1. Introduction 
 

There have been continuous efforts made to introduce and 

implement new technologies which help introduce alternative 

fuel. The reasons being obvious, limited resources on earth 

can last for coming generations. Utilization of energies that 

are available in abundance and which can be renewable are 

flourishing year by year. For vehicles, most of the energy that 

has been used for more than a century is petroleum. 

Petroleum, being fossil fuel, is limited and will finish off in 

the next few decades. Therefore, it has become crucial to find 

the right alternative that will satisfy the needs of the economy 

in the coming century. Numerous options, including Battery 

- electric vehicles, Hybrid Vehicles, Bio - fuel Vehicles, 

Hydrogen Vehicles, and Natural Gas Vehicles, have been in 

existence. This paper specifically concentrates on Battery - 

electric vehicles and their distinct components.  

 

1.1 Battery - Electric 

 

Battery - electric is a very interesting and enthusiastic 

alternative that has been gaining traction recently. A battery 

electric vehicle is an electric vehicle that uses chemical 

energy stored in rechargeable battery packs. Such vehicles 

use power from battery packs, eliminating the need for an 

internal combustion engine, fuel cell, or fuel tank. Battery 

electric vehicles use electric motors and motor controllers. 

Battery electric vehicles include forklifts, bicycles, scooters, 

cars, buses, and trucks. Despite the significant drawback in 

terms of range, the sales of battery electric vehicles and PHEV 

cars have shown an annual increase since their introduction in 

December 2010. By August 2014, 234, 502 electric cars had 

been sold in the US, and the Nissan Leaf, the top - selling all 

- electric car, achieved global sales of 130, 000 units by the 

same month.  

 

An electric car is simply a plug - in battery - powered 

automobile that uses an electric motor for propulsion. 

Although electric cars usually provide good acceleration and 

have an acceptable top speed, the lower energy per unit mass 

of the batteries available in 2010 compared to conventional 

fuels means that electric cars will need batteries that 

constitute a large fraction of the vehicle mass, but they often 

can still provide a relatively low range between charges. Also, 

Recharging takes a significant amount of time. Electric cars 

are practical forms of transportation for shorter - range 

commuter - type journeys, rather than long journeys, and they 

can be recharged overnight.  

 

Electric cars can significantly reduce city pollution by 

producing zero tailpipe emissions. Vehicle greenhouse gas 

emissions depend on how the electricity is generated. With 

the current United States energy mix, using an electric car will 

result in 30% fewer carbon dioxide emissions. Given the 

current energy mixes in other countries, it is predicted that 

emissions would decrease by 40% in the UK, 19% in China, 

and as little as 1% in Germany. Electric cars are expected to 

have a major impact on the automobile industry with less 

dependence on oil, advantages in city pollution, and an 

expected rise in gasoline prices. World governments are 

offering billions for funding the development of electric 

vehicles and their components. The U. S. has announced 

US$2.4 billion in federal grants for developing electric cars 

and batteries. China will provide US$15 billion to initiate an 

electric car industry.  
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Figure 1: Visualizing EV Sales | Source: [24] motorreview. 

com 

 

As of July 2013, the Renault - Nissan Alliance has been the 

top electric vehicle manufacturer, achieving global sales of 

100, 000 all - electric vehicles since December 2010. This 

figure includes over 3, 000 Renault Fluence Z. E. electric cars, 

approximately 11, 000 Renault Twizy heavy quadricycles, 71, 

000 Nissan Leafs, about 5, 000 Renault Zoes, and almost 10, 

000 Renault Kangoo Z. E. utility vans. The Nissan Leaf holds 

the title of the world's bestselling highway - capable electric 

car, with global sales reaching 130, 000 units by August 2014. 

Following closely is Mitsubishi Motors, securing global sales 

of around 32, 685 electric vehicles from July 2009 through 

April 2013. Mitsubishi's lineup includes other all - electric 

vehicles such as, the rebadged Peugeot iOn, Mitsubishi i - 

MiEV, and Citroën C - Zero, along with the Mitsubishi 

Minicab MiEV utility van. Sales figures also encompass the 

Mitsubishi Outlander P - HEV plug - in hybrid.  

 

Tesla Motors takes the third spot among the best - selling all 

- electric vehicle manufacturers. The company has sold 

almost 2, 500 Tesla Roadsters and over 25, 000 Tesla Model 

S cars through December 2013. Since their commercial 

introduction in 2010, sales of battery electric vehicles and 

PHEVs have seen consistent annual increases.  

 

EVs specifically consists of two main components: the 

Electric Motor that drives the car, and the Battery Pack that 

stores energy. The selection of these components from a wide 

range of options is crucial, and these aspects are explained in 

detail below.  

 

a) Electric Motor 

Vehicles are required to undergo frequent starts and stops, and 

thus the electric motor must exhibit a decent range of 

acceleration and deceleration. This includes low - speed hill 

climbing and high - speed cruising, during which the vehicle 

needs to endure various environmental and hostile conditions. 

These motors differ from those used in industrial applications.  

 

Therefore, an electric propulsion system should possess high 

torque for starting the car and climbing hills. It should also 

have high power to allow the vehicle to cruise at high speeds 

and achieve good acceleration. Additionally, the system 

should exhibit high efficiency over a wide range of speed and 

torque. It should incorporate regenerative braking, have 

overload capability for unexpected situations, and ensure high 

reliability and robustness at affordable costs. Other important 

considerations in the design should include minimum torque 

ripple, fault - tolerance capability, temperature management, 

and low acoustic noise.  

 

The electric motor should adhere to the characteristics shown 

in Figure (a) below. Furthermore, the standard torque - speed 

characteristic of an electric propulsion system is illustrated in 

Figure (b).  

 

 
Figure 2: (a) Desired torque–speed characteristic of vehicle 

propulsion system, (b) Standard torque–speed characteristics 

of electric motors | Sources: [3] 

 

The frequently used electric motors are DC motors, induction 

motors, permanent magnet motors, switched reluctance 

motors. Recently, the trend showed that Research & 

Development is focused on the concepts that do not require 

rare earth magnets and the exploration of less expensive 

materials that can be used for lamination and cores. Magnets 

like ALNICO and Ferrite are being worked upon for various 

applications. Also, materials that can reduce losses and 

improve efficiency are being researched.  

 

1.2 DC Motor 

 

This motor was once very popular and widely used, but 

recently, many decent alternatives for this type of motor have 

emerged. It has very high starting torque and simple speed 

controls. However, its bulky structure, low efficiency, and 

reliance on numerous mechanical commutators and brushes 

impose limitations, leading to the need for heavy 

maintenance. As a result, these days, it is mostly utilized in 

low - power operations. Eventually motors free from 

commutators (rotatory switch which controls the flow of 

electricity in the motor) were developed and are now used 

instead of DC motors.  

 

1.3 Induction Motor 

 

Induction motors are highly developed and widely accepted 

for electric propulsion systems. It is free from commutators 

and has multiple attractive features such as simplicity, higher 

reliability, wide range of speeds, robustness, low 

maintenance, low cost, low noise and is resilience in hostile 

conditions. High - speed operation can be achieved by 

weakening flux, which is a desirable factor in vehicles. 

However, its pullout torque limits high - speed operation and 

the constant power range. By keeping the starting current low, 

the supply voltage and frequency can be varied to achieve 

high starting torque, approaching the maximum torque. 

Despite these advantages, induction motor has several 

disadvantages including high losses, low efficiency, and an 

unsatisfying power factor. Additionally, their weight and 

volume are high for the same power output when compared 
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to permanent magnet motors Researchers and developers are 

actively addressing these drawbacks through ongoing 

research and development, working on new methods to 

address these issues at the design level.  

 

1.4 Permanent Magnet Motor 

 

The Permanent magnet motor is the only type of motor that 

has the ability to compete against the Induction motor in the 

electric vehicle propulsion systems. Currently, Permanent 

magnet motor is used by almost all leading auto 

manufacturers and are also being developed for further 

systems. They are usually classified based on supply voltage 

and current as DC or AC. To maximize torque with low 

pulsation in BLDC (Brushless DC) mode, a trapezoidal back 

EMF waveform is preferred, while in BLAC (Brushless AC), 

a sinusoidal back EMF is preferred. Some of the inherent 

benefits it offers encompass high power density, diminished 

weight and volume for an equivalent power output when 

compared to alternative systems. As it reduces rotor losses, it 

provides high efficiency. Compact packaging delivers high 

reliability and low maintenance. It also offers effective heat 

dissipation, making it effective in cooling as well.  

 

While it offers many exciting features, it also falls short in 

some areas, such as an unsatisfying region of constant power 

due to limited field weakening capabilities. Additionally, 

managing and controlling back EMF at high speed increases 

its size. The extended speed can range up to 3–4 times the 

base speed, and the efficiency of PM motors can be enhanced 

by applying suitable control algorithms of power converters 

above the bases speed. Important design considerations for 

PM motors associated with flux weakening capability, fixed 

excitation for EPS include torque density, stator iron losses, 

overload capability, rotor eddy current losses, and 

demagnetization withstanding capability.  

 

Based on the location of PMs, the basic configurations of PM 

motors are classified. In conventional PM motors, PMs are 

mounted usually on rotor surface or buried within the rotor. 

Surface - mounted PM motors (SPM) are a widely used 

design and use less magnets, whereas interior PM motors are 

preferred for an extended speed range and constant power 

operations because they use more magnets and offer higher 

air gap flux density with a higher degree of ruggedness. To 

overcome the compromise made between low - speed torque 

and high - speed power, the concept of hybrid PM and field 

excitation has been adopted. This concept combines a PM 

motor and a reluctance motor, which limits the air gap field.  

 

1.5 Switched Reluctance Motor 

 

The Switched reluctance motor is gaining increasing attention 

for electric propulsion systems in vehicular applications. 

Features such as a rotor without magnets and windings 

provide simple and robust construction, making it desirable 

for very high - speed, high - temperature operations. It also 

exhibits excellent torque–speed characteristics, and the 

constant power region can be extended up to 3–7 times. 

Additionally, it has fault - tolerance capability and ensures 

smooth, hazard free operation. However, the limitations of SR 

motors include high acoustic noise, considerable vibrations, 

high torque ripple, a complex control mechanism and the 

requirement of a special converter topology. While the cost of 

SR motors is high, it is believed that mass production can 

render them as cost effective as induction motors.  

 

A comparison of different motors based on desirable 

characteristics for EPS is shown in the image below. The 

suitability of a particular motor with specific characteristics is 

rated on a scale of 1–5, where 5 indicates the best suitability 

and 1 shows poor response. The comparison is measured on a 

relative basis and may vary based on factors such as the 

placement of the motor (in - wheel or out of the wheel), the 

design considerations of motor types, materials used for 

magnets, lamination, and core, as well as the relevant power 

electronics converter and their control algorithms. The 

primary purpose of the table below is to identify the most 

suitable motor technology for vehicular applications.  

 

 
Figure 3: Comparing Motors | Source: [3] 

 

Electric motors being used by automobile models of electric 

and hybrid electric vehicles are given in image below.  

 

 
Figure 3: Comparing Power of Car Models | Source: [3] 
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1.6 Battery Packs 

 

Battery packs serve as energy carriers for electric vehicles, 

which are commonly referred to as battery vehicles. Various 

types of batteries are required for different operations. The 

widely used batteries in vehicles include lead - acid, nickel - 

metal hydride, zebra, and lithium - ion batteries.  

 

a) Lead - Acid 

Lead - acid batteries are the most affordable and cheapest 

among all the available options. Their battery life is reduced 

if discharged below 50% and they require frequent 

maintenance and replacement of water. Traditionally, most 

electric vehicles have used these types of batteries due to their 

availability in abundance, matured technology, and low cost. 

However, they have a significant environmental impact 

during construction, use and disposal. The efficiency of these 

batteries can be maximized to 70 - 75% and energy density 

up to 30 - 40 Wh/Kg. Such batteries were used in early 

modern EVs, including versions of the GM EV1 and the 

Toyota RAV4EV.  

 

b) Nickel Metal Hydride 

These types of batteries have a significant advantage in terms 

of energy density, with approximately 3080 Wh/Kg, which is 

considerably better compared to Lead - Acid batteries. 

However, they operate at a lower efficiency of 60 - 70%. 

Another advantage is their long lifespan, capable of operating 

without issues for more than 100, 000 miles. They are used 

widely in Hybrid Vehicles.  

 

c) Zebra (Sodium)  

Sodium batteries use molten chloroaluminate sodium 

(NaAlCl4) as electrolyte. They have a good energy density of 

120 Wh/Kg. However, a disadvantage is that they operate at 

very high temperatures of about 270 °C, leading to energy 

waste and creating difficulties in long - term storage of 

charge. Sodium batteries were introduced and used in Modec 

in 2006, with a charging cycle of around 3000 cycles.  

 

d) Lithium Ion  

Widely known for its use in laptops, lithium - ion batteries are 

now predominantly used in Electric Vehicles and have 

recently achieved huge success. They consist of a lithium 

cobalt oxide cathode and a graphite anode, boasting an 

impressive energy density of over 200+ Wh/kg and an 

efficiency of 80 - 90%. However, they have a relatively short 

lifespan of around 1000 cycles and can pose fire safety risks 

if not charge properly or if punctured. New variants have been 

developed using various elements to overcome the above 

limitations. For instance, Lithium Iron Phosphate batteries 

exhibit life cycles up to 7000+ cycles, while Lithium 

manganese spinel batteries have a lifetime almost four times 

that of Lithium Iron Phosphate. Various lithium battery 

variants are widely used in recent automobiles, including 

successful vehicles like the Tesla Roadster and Tesla Model 

S. Tesla Motors' success has driven increasing demand for 

these batteries every year, leading to the establishment of a 

Giga Factory by Tesla in collaboration with Panasonic. In the 

picture below, it shows the Lithium - Ion battery pack of the 

Tesla Roadster—an intuitive way of utilizing space while 

considering factors like the center of gravity and weight 

distribution.  

 
Figure 3: Tesla Model S battery | Source: [12] 

 

2. Conclusion 
 

Battery Electric Vehicles (BEV) might be the most desirable 

shift towards alternate fuels. Despite range limitations, BEV 

can significantly reduce urban pollution. Evaluating diverse 

motor types—DC, Induction, Permanent Magnet, and 

Switched Reluctance by weighing their suitability for EV 

propulsion can help choose the right technology for the use 

case. Additionally, dissecting battery technologies—Lead - 

Acid, Nickel Metal Hydride, Zebra, and Lithium - Ion—

highlighting their attributes and applications.  

 

Apart from Battery Electric Vehicle, there is active research 

on other alternative fuels option such as Biofuels, Hydrogen 

and Natural Gas.  
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