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Abstract 
 

Electric vehicles being emission free, noiseless and having high performance 

are going to make a huge impact in the automobile industry. Automobile 

sector is one of the key aspects that drive the economic growth particularly in 

developing nations. A shift towards the Electric Vehicle (EV) will come 

sooner and faster with the demise of petrol and diesel vehicles, and 

advancement in battery technology. It is also needed to match the 

convenience of gasoline vehicles to stable the market for EV’s. Electric 

vehicles offer many advantages over conventional vehicles. Hybrid-Electric 

vehicles reduces the noise pollution as it is not equipped with combustion 

engine rather uses an electric induction motor and invertors. This book 

chapter gives an overview about the evolution of electric vehicles and the 

main composition of the vehicle. It discusses about the comparisons between 

different charging techniques and batteries for power source. This book 

chapter reflects how the use of electrically driven vehicles may reduce the 

harmful emissions in environment. It throws a light on basic aspects that are 

important in the building of an electric vehicle and the aftertime research in 

this domain.  
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1 Introduction 
 

In an era where energy utilization and conservation are a key factor for 

survival, it is important to develop a source that could last long. Human 

resources are limited, thus there exits an urgent appeal for advancement in 

alternative sources of energy. Human civilization has been developed at the 

cost of energy and environment. Large amount of harmful emissions in the 

environment has resulted in different pollutants. Since 1970’s we have been 

trying to achieve a substantial development goal so as to continue 

progressing but not at the dearth of environment. For year's fossil fuels, oil 

reservoirs and other renewal resources have been the key source of providing 

energy to humans. The fact that not only renewal resources are less in 

quantity or they take millions of years in production but they are the main 

reason behind pollution. Harmful carbon emissions degrade the air quality 

and deplete the ozone layer of earth which further leads to global warming. 

Globalization in all sectors has improved public connectivity and thus 

transportation has developed. But again, the limited oil supplies cannot meet 

the heavy demands for petrol, diesel or other oil supplies. Electricity as an 

energy source is much cleaner than gasoline fuels. Decades of research and 

study to develop vehicles that uses electricity as a source of power to run has 

become a revolution. The low to no level of harmful emission from electric 

vehicles is thought to decrease air pollution and also save fuels. This 

advantage of electric and hybrid vehicles has helped it to gain attention. To 

promote the use of electric vehicles many policies offer certain amounts of 

subsidiary to reduce the cost and make them affordable. However certain 

factors such as cost of production, battery life cycle, charging sub-stations 

are areas of concern and development that would decide the future of electric 

vehicles. By far even after many legislations and restrictions, we have failed 

to safe guard the environment. 

 
2 Backround  
 

During last decade of 19
th
 century the new electric vehicles were 

proposed for the very first time. Few believed that electricity was a cleaner 

source than gasoline and it was easy for women to drive a vehicle based on 

push button to tackle the issue of gear shifting [1]. But soon the advantages 

of an internal combustion engine out-shallowed the benefits that were seen in 

an electric vehicle. During the early years of 19
th
 century people felt electric 

vehicles were meant only for short trips in the town, also a fact that charging 

stations could possibly be found only in the cities. The 70- miles range of 

gasoline vehicles and large initial investment became a reason that people 

almost forgot about electrically driven vehicles [2]. 

A sudden rise in the prices of oil barrel from 65 cents in 1910 to $2.35 by 

1915 saw the resurgence of electric cars. The battery capacity also improved 

up to 230% between 1908-1925. It was assumed this will further push the  
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growth of electric vehicles. But the revival got restricted only to trucks. The 

reason was the companies with more than 50 trucks can only warrant a 

building for charging operation; therefore less electric charging stations 

affected the market for electric vehicles [3]. However, the oil crisis during 

the late 1980’s affected the gasoline market. An Electric and hybrid vehicle 

program was set up by the Department of Energy to continue the research in 

electric and hybrid vehicles [4]. It was seen that the low-level discharge from 

automobiles would be compassionated by heightened emission from power 

generation systems [5]. But as the pollutants from electric cars were reduced 

by 90% and also the emissions from power plants were kept under tight 

controls, it was felt that an electric vehicle could possibly make a difference 

in lives and environment.  

 

 
Figure 1 Electric Vehicle Development Plans By Different Developed Nations 

 

By the time it was 1990’s electric vehicles gained support all over the 

globe that was even politically motivated to weaken the ties with the Persian 

and Gulf nations for oil supplies. New research in the domain of electricity 

production saw an optimistic result, as electric power plants were less to no 

dependent on oil reservoirs. Also, conventional sources such as wind power, 

hydro power and solar energy can be converted into electricity very 

effectively.  Past decade has witnessed lots of financially funded research 

programs by several industrialists about the techniques of charging piles, 

since charging efficiency is somehow the basis for electric vehicles. For the 

past two decades developed nations have emphasized on research by creating 

the structure of production and distribution of e-vehicles. Since 2012 

California has installed charging piles to all government and superstore 

buildings, this makes it pioneer of electric vehicle. The various electric 

vehicle development plans of various nations regarding their targets in 

coming future are also depicted in Figure 2.1.Chevrolet released the new 

Chevrolet bolt in 2017. With new technology battery system this car could 

run over impressive 238 miles on a full battery charge, however it fails to 

balance the performance with price.  
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In comparison with these the Volkswagen e-golf at a lower price has a 

range a little less than 315 miles offered by Tesla S P100D model. Buffett- 

backed BYD Auto Co. Ltd a Chinese auto maker has involved in talks with 

Indian automobile companies to develop and make EV technology affordable 

in India by Dec 2019. In India government plans to replace the all the on-

road diesel and petrol vehicles with EV’s. In response to these automobile 

companies such as Maruti Suzuki and Hyundai plans to completely stop the 

production of diesel vehicles and turn towards EV’s by 2023. In 2018 govt. 

also introduced subsidy on purchase of electric vehicles and in May 2019 it 

announced to demote the registration charges for EV’s to promote them [58]. 

 
3 Problem Formulation  
 

Growing concern for global warming and environment needs to be 

addressed with immediate attention. If the amount of unfavorable emissions 

from vehicles can be reduced, a significant drop in pollution can be observed. 

Therefore, there exists a dire need to shift the focus to alternative energy 

sources. Electricity being a cleaner and cheaper source of energy can be 

effective for use, and thus the need of an electric vehicle is called. It is 

evident that, for an electric based vehicle the types and configuration of 

motors, braking, charging, suspension & propulsion system needs to be 

studied for quick improvements. Thus, this chapter has discussed about the 

different body dynamics of the vehicle body. Earlier research on electric 

vehicles only focused on charging methods. But now according to new 

requirements one needs to start working on technology that could store and 

reuse this energy for longer duration as in primitive vehicles. New research 

in the domain of electricity production have seen an optimistic result, as 

electric power plants were less to no dependent on oil reservoirs. Also, 

conventional sources such as wind power, hydro power and solar energy can 

be converted into electricity very effectively.   

 

4 Methodology 
 

The methodology used for carrying out the proposed work is depicted in 

the form of flowchart as depicted in figure 2. 

 

4.1 Design of Body of Electric Vehicle 
 

It is very important to focus on the design of electric vehicles to sustain 

its light weight. The body of the vehicle can be a hybrid design effectively 

supported by aluminum which is light in weight [7]. The drag factor that may 

affect the speed of the vehicle can be controlled with shortened length and 

aerodynamic structure of the body [8]. Design aspects of the vehicle can 

reduce the losses by tapering the rear and front windows, using rear spats, a  
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slanted front nose design, provision to maintain the flow of air from front to 

rear ends. The ground resistance between the surface and tires is an important 

factor [9]. Using a blended polymer tire along with an increased pressure is 

helpful to reduce the rolling resistance during a low or medium speed drive. 

The basic block diagram of EV subsystem and is shown in figure 3 Figure 

4depicts the tractive force v/s speed diagram for different categories of 

vehicles. 

 

 
 

Figure 2 Steps involved in the Comprehensive review of Electric Vehicles 

 

 
 

Figure 3 EV Subsystem Block Diagram [56] 

 

 

1. Exploring the concept of design of Electric Vehicle and its subsystem 

2. In depth study of various key components of electric vehicle 

3. Comparative analysis of Batteries and their types utilised in EV's  

4. Review of numerous charging models and propulsion technology of 
EV followed by comparative analysis of power switching devices. 
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Figure 4 Tractive Force V/S Speed Diagram [6] 

 

 4.2 Components 
 

         The key components of an electric vehicle are depicted in figure 5 

below: 

 
Figure 5 Key Components of an Electric Vehicle [10] 

 

      In general, four factors affect the durability of an electric vehicle which is 

discussed below: 

 

4.2.1 Drive to Rotate Wheels 
 

4.2.1.1 Cage Induction Motor 
 

Due to less cost, low maintenance, reliability and adaptation to different 

environments IM are used for electric propulsions in electric vehicles. To  
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overcome the breakdown torque problem at high speed new control 

techniques with multi-phase pole changing method is proposed by engineers 

[11]. 

 

4.2.1.2PM Brushless Motor 
 

Features like eminent power density, low heat dissipation and negligible 

rotor windings loss makes this brushless motor the best fit for e-vehicles. 

Few modifications such as filed winding can increase the speed by 4 to 5 

times [12]. 

 
4.2.2 Energy Storage System  
 

Effective storage of energy is the most sensitive element of electric 

vehicle. It becomes important to take into consideration features like energy 

density, Power density, and state of charge, lifecycle and capacity. 

 

4.2.2.1 Main Source 
 

Fuel cells are installed to supply the energy required to drive the wheels 

and they provide 60% efficiency in conversion of chemical energy to voltaic 

charges. Research and studies put forward techniques that could prevent the 

loss in heat dissipation by increasing temperature or surface area of reaction 

[13]. 

 

4.2.2.2 Auxiliary Energy Source 
 

Vehicle configuration, acceleration is important factor while selecting 

batteries. Battery that performs forward and reversed reaction is useful for 

recapturing the regenerative energy [14]. 

 

4.2.3 Power Conversion System  
 
4.2.3.1 Main Source 
 

To obtain a higher potential difference (step-up voltage) at the dc section 

a dc to dc power convertor with features of unidirectionality is used. This 

convertor helps in voltage regulation and restriction of transfer of power 

from dc section to fuel cell section. [15]. 

 

4.2.3.2 Interleaved Boost Convertor 
 

Homogeneous boost convertor is connected in a parallel fashion with 

same phase shift and switching frequency. This method minimizes the 

conduction loss by multi model concept that distributes current based on 

parameter used in interleaved circuit [16]. 
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4.2.3.3 Buck Boost 
 

A battery or an ultra-capacitor is used to deliver energy to the vehicle 

under over loading condition and store the energy during under loading 

condition. It switches to boost functionality when source to sink power flow 

is required and it switches to buck mode in reverse operation [17]. The figure 

6 depicts the energy flow diagram through various components of a typical 

electric vehicle.  

 

     
Figure 6 Energy Flow Diagram in Typical Electric Vehicle [17] 

 

4.2.4 Controlling of Electric Vehicle 
 

This section is an important research area in the improvement of electric 

vehicles. The storage system of the vehicle may get burned out due to under 

or over charging if the SOC is not maintained under control [18]. The 

structure of typical electric vehicle e.g. Volkswagen CitySTROMer is 

depicted in figure 7. 
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Figure 7 Structure of an Electric Vehicle (Volkswagen Citystromer) [19] 

 

4.3 Battery  
 

Battery is the most important component of an electrically driven vehicle 

[20]. Improvements are focused aiming at extra mileage, high capacity, high 

security and low cost [21]. Although new types of batteries such as Air 

batteries are tested high cost of functioning is a major problem to be 

addressed. 

To provide the customer a good drive experience intelligent energy 

management is important that does not affect the body design and requires 

less maintenance. The lead-acid based battery is still the most prominent in 

electric vehicles [22]. Some companies aim to introduce NiCad battery is 

though gaining ground. However due to poisonous nature of Cadmium 

NiMH- battery is put under research for traction purpose. The ZEBRA (zinc- 

air) batteries manufactured in Germany having a high energy- weight ratio is 

been tested and its lifetime is found to be three times higher than 

conventional batteries [23]. A series production would further reduce the 

cost. New variations of lithium- ion batteries are introduced that could 

provide a less toxic, earth friendly, fire resistance. 

 
4.3.1 Types of Battery  
 

4.3.1.1 Horizon -Lead Acid Battery 
 

Lead is been extruded on to the surface of a glass filament then woven in 

to the grids of electrode plats of battery [24]-[25]. This is a patented process  
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by the owner company. The results show longer life cycle, high specific 

energy and high capacity. 

 

4.3.1.2 Rechargeable Nickel-Metal Hydride (Ni-MH) Battery 
 

Its composition includes nickel hydroxide with vanadium, titanium, few 

other metals [26]. It has a capacity of about twice the range and life cycle 

compared to primitive lead-acid batteries [27]. It's durability with over and 

under charging and production using non-toxic recyclable materials makes it 

ideal for use. 

 

4.3.1.3 Sodium Sulphur 
 

This battery drive for about 150 miles per charge [28]. A ceramic beta-

alumina electrolyte tube used along molten Sulphur positive electrodes and 

negative sodium electrodes in a sealed container forms the basis of NaS 

battery [29]. To maintain the Sulphur in a molten state within temperature 

range of 300-350 degree Celsius an in-built heater is used. This battery cost 7 

times higher than lead-acid batteries. 

 

4.3.1.4 Sodium Nickel-Chloride 
 

The company claims that the NaNiCl2 batteries will not fail during 

accidents and even if one of the cells fail [30]. However, this battery cannot 

be operated for a temperature below 270 degree Celsius. 

 

4.3.1.5 Lithium-Ion 
 

It is surprising that this battery was predicted long time back [31]. The 

advantages of lithium-ion battery to run over 1000 life cycles produce high 

specific energy and energy density. A pack of eight metal cylindrical cells 

each operating in the range of 2.5-4.2 V is controlled by a built-in cell-

controller in the battery are encased in a resin module. 

 

4.3.1.6 Lithium-ion-Polymer (LiPo) Battery  
 

With an average of 20% more than lead- acid battery lithium polymer 

battery provides have twice the life cycle and uses thin-film technology. 

Supported by fast charging ability in less than 90 minutes this battery can be 

damaged by over- charging. The characteristic values of different battery 

modules are depicted in figure 8. 
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Figure 8 Characteristic Values of Different Battery Modules [32]          

                                                                                                                                                                                                                                                                      

4.3.2 Flywheel 
 

The idea of storing energy in electric vehicles has been challenging and 

around the market for years. The general concept of a flywheel is to use a 

small motor at the beginning of rotation. Once the wheel gains momentum it 

should rotate freely up to 1000,000 rpm.  Magnets are used on flywheel’s 

axle around wire coils to generate electricity to power the motors of the 

flywheels. Magnetic bearings with aluminum casing are fitted on each axle to 

make them spin in a frictionless environment. [33] It is a challenge for 

scientists to keep the wheel together at a large speed, due to which the fibers 

and resins can be pulled apart. 

The basic components of a flywheel include Composite Rim, 

Combinational magnetic bearing, Touchdown bearing, Radial magnetic 

bearing, Housing. A possibility of different combinations of energy source 

can advance the hybrid vehicle system. [34] 

 

4.3.3 Ultra- capacitor 
 

It is a high- power, low capacity battery that stores energy by 

accumulating or separating the unlike charges [35]-[36]. During regenerative 

braking it can provide high power for acceleration and makes them suitable 

for load- leveling. Few trends show that a combination of a carbon- 

composite electrode using original electrolyte can be used for higher energy 

densities.  An excellent life cycle of ultra-capacitors is a key advantage. It is 

even predicted once they are developed fully, they could last as long as the 

car [37]. Research continue to progress in terms of reducing the cost of ultra- 
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capacitors whose schematic is shown in figure 9. 

 
 

Figure 9 Structure of Ultra Capacitor Cell [56] 

 

4.4 Charging Network 
 

Uncertainty in the power requirements, location and time makes the 

charging of an electric vehicle a controversial issue. In general, an electric 

vehicle is installed with an on- board battery charger. Power cables are used 

for connecting the charging point at the power substation to the battery in EV 

[38]. An alternate promotional scheme for EV also proposes about the 

renting of a battery. For this the owner could directly swap the uncharged 

batteries with the fully charged ones available at the charging sub-station. 

However, it also demands for certain changes in the design and 

advancements in the EV. The technique of magnetic induction can be used to 

support fast charging with no metal contact. 

 

4.4.1 Charging Models 
 

4.4.1.1 Constrained Voltage and Constant Current 
 

In this technique the system consists of batteries arranged in series 

pattern [39]. The process of charging is kept non-linear so as to avoid 

shortened battery life. Though it requires small current the major drawback is 

the long duration of charging period. 

 

4.4.1.2 Constrained Current and Constant Voltage 
 

The major gain of this method is short duration of charging period [40]. 

But due to large initial current the electric apparatus might get damaged, and 

may reduce battery life. 
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Some other charging models like Pulse charging [41] and Three-stage 

charging [42] are also available which can further help in minimizing the 

charging time. 

 

4.5 Braking and Steering  
 

The old braking method is based on a complete mechanical system. But a 

hybrid electric vehicle is installed with both electrical and mechanical 

braking system. A balanced combination of both the system results in 

effective braking and less jerking effect. The electric system is used in the 

initial region, because the electrical power regenerative braking helps to 

return the motion energy during degeneration or down slope. During final 

region mechanical braking helps in energy saving and safety. To obtain a 

stable braking mechanism and prevent skidding a conventional ABS is 

installed in all the modern vehicles [43]. Antilock Braking System (ABS), by 

focusing on localizing the wheel- slip ratio can help in maximizing the tire 

forces irrespective of the road condition. Peak values and location vary 

widely based on several factors like rolling condition, road, tire, optimal slip 

rate. Skid- Steering: To induce yaw the speed of the lines of the wheels is 

varied on different sides of vehicle to achieve steering. Stable steering 

requires control on turn radius and longitudinal slip therefore a slip limitation 

feedback is used for stimulation [44]. The engine torque is reduced by the 

traction control to bring the slipping wheels on the desired range of skid.  

 

4.6 Propulsion Technology 
 

At system level selecting better powertrain features and packaging 

options is important [45]. Power electronics, control system and motor 

configuration are important areas of the propulsion system.  A comparison 

drawn among various power switching devices is depicted in Figure 10. 

 

 
Figure 10 Parameter Wise Analysis of Power Switching Devices [46] 
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 4.6.1 Power Electronics 
 

In past few years the technology has witnessed huge success. Power 

devices form the heart of power-driven electronic circuits. New high-power 

devices such as Conductivity-modulated field-effect transistor (COMET), 

static-induction transistor (SIT), Insulated gate and Gate turn-off Thyristors, 

MOSFET's have changed the perception of an electronic system looked [46]. 

IGBT which has advantages over BJT such as substantial short switching 

time reduces switching losses and increases PWM switching frequency, and 

high impedance voltage-controlled gate which results in gate power 

reduction to permit an effective circuit integration of gate driver. IGBT 

ability to combine bipolar and MOSFET features establishes this advantage 

[46]. 

SIT’s that are essentially the solid-state version of triode vacuum tube is 

a high frequency, high power device. They are considered to be superior to 

MOSFET’s due to noise, reliability and radiation hardness. The newly 

introduced MCT is so unique that it combines relatively high switching 

speeds with the potential for high voltage and current ratings. Paying 

attention in the packing of power devices is important as it affects thermal 

and electrical endurance and cost of assembly. The two main approaches of 

packing are: mono-lithic chips and hybrid modules. The objective of this 

packing method is to integrate power switching devices with corresponding 

drivers, protection and diagnostic circuits. Monolithic chips are limited to 

low power, low- voltage applications. Evolution of power converter aims at 

achieving high power density, high efficiency, and rousts nature. A dc link 

convertor is one of the advanced converter topologies compared to the 

conventional pulse width- modulated converter [47]. 

The resonant type converters have two categories namely: series and 

parallel arrangements. The parallel resonant circuit gives a zero-voltage 

changeover of both inverter and rectifying devices whereas series circuit 

gives a zero-current changeover. This method helps to reduce the switching 

losses. Pulse – width modulation is another important aspect of power 

converter.  

To operate a motor at its rated flux level a maximum transient dynamic is 

required. The variable voltage variable frequency (VVVF) control is widely 

used in open-loop adjustment of machine flux. Field-oriented control 

technique is used to provide accelerated dynamics and accurate tuning of 

high- performance drives. The FOC method decouples two parts of stator 

current i.e. torque and air-gap flux production.  

Advancements for self-turning and adaptive control are also being 

applied to e-vehicle system. Latest technologies such as expert systems, 

neural networks and fuzzy logic are also being enforced for numerous control 

devices. These devices could interrupt the operation dynamics to self-learn 

and self-regulate evidently [48].   

The use of microcontrollers, microprocessors, microcomputers through 

digital signal processing can make an impact on electric motor drivers. This  
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could be the solution to implement complex and sophisticated algorithm for 

control and protection.  

 

4.6.2 Auxiliary Technology 
 

To make the electric vehicles a success in the transitory market, the 

battery indicator is one of the ways which can be made similar to typical fuel 

gauges. The EV’s should be installed with heaters for comfort during winters 

and provide air conditioning in hot and humid environment [49]. 

It is observed that quick charging is not preferable due to high demands 

which may affect the household reforms. An incentive-based billing system 

can be promoted for charging during off-peak periods and fast charging in 

case of emergency. It should be taken care the power consumption for 

providing this feature be minimized, and the harmful emissions that could 

deplete ozone layer should be reduced. The promotion of EV’s can be made 

effective by introducing legislation for tightened emission control in 

environment, and develop infrastructure for EV’s [50]. 

 
4.7 Other Accessories  
 

The LED based frontal lighting system and adaptive front- lighting 

(AFS) play a vital role in security lighting system in vehicles. The main 

functionality of the AFS is Headlamp leveling sub- system that works in tilt 

position of vehicles to control in maintaining the light parallel with the road 

surface. The other method is Sniveling sub-system which can help achieve 

the same objective as AFS system using the turning angle of vehicles to 

generate a good radiance effect for the car driver. 

 

5 Results & Discussion  
 

5.1 Testing of Smart Charging 
 

Different charging models affect the ageing of the battery systems in 

different ways [51]. The results can be helpful to evaluate a more durable 

system that could improve the charging techniques [52-53]. However, this 

approach may sound useful in theories but have not been completely tested in 

practical. This is because the applicability’s may vary for different battery 

system. Thus, there is no comprehensive approach to test and generalize a 

battery system for all kinds of electric vehicles. 

 

5.2 Optimizing Converters 
 

It is clear that the charging rate of zero frequency current is larger than 

an AC source but it is also more complicated for application than AC system  
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While using a DC current, the incoming AC current from power grid needs 

to be converted. Further this has to be processed to attain a required charging 

level. 

 

5.3 Improvement in Renewable Energy 
 

The next level improvements in production of renewal energy may be 

feasible to design charging piles with distributed generators. This could result 

in the global performance of vehicles. 

 

5.4 Research in Control Theories 
 

Further enhancement in the performance can be through use of non-

linear control theories to benefit the charging process and improve battery 

life. 

 

5.5 Reliable Communication Network Model 
 

A constant change in data flow structure with new 3G/4G 

communication technologies can be utilized for isolated charging piles and 

gather information from densely located piles in public areas [54-55]. 

Although this technique may be beneficial but it still needs to be studied 

further. 

 

6 Summary of Chapter  
 

Electric vehicles as they sound are vehicles that run on electricity as their 

source of power. This modern automobile change is required to overcome the 

shadows of global warming, so as to tackle pollution. Since the stability of a 

car on-road depends largely on its design, new age electric cars focus on a 

more stable light weight design. An aerodynamic design with effective 

weight distribution through proper positioning of components helps to reduce 

air drag on vehicles. An electric vehicle replaces the combustion engine of a 

primitive car with an induction motor. Asynchronous motor helps to ease the 

driving system of the car by reducing the transmission loss during the gear 

shift. By alternating the phase of the current the car can be driven backwards. 

Batteries are the storage unit of EV. Though Lead-acid batteries are widely 

used scientists continue to research and test more efficient batteries that have 

a life cycle equal to the vehicle’s life. The idea of using small sized series 

arrangement of Lithium-Ion battery was thought long ago. These batteries 

have about 1000 life cycles with high density. By controlling the current and 

voltage supply we could reduce the charging period of EV. We have to also 

pay attention in the steering system of electric vehicles. To avoid the 

skidding and locking of the steering during braking period an Anti-braking 

system is developed. A combination of both mechanical and electrical 

braking technique reduces road shocks. A more advanced technique of 

regenerative braking re stores the energy from the motion of rotating  
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wheels back into the battery. With years of advancements in electronics, 

effective propulsion system can be designed for EV’s. The power electronics 

of EV’s is a key component. Advance power convertors and control drivers 

may impact the internal technology of electric vehicles. Thus, all these 

discussions leave behind a great scope of research and study in the domain of 

electric vehicles with new unidentified problems still to overcome. 
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