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Abstract  

The popularity of electric vehicles (EVs) is growing for several reasons, such as cost savings and increased 

environmental and climate awareness. This study examines developments in electric vehicle (EV) battery 

technology, charging techniques, and novel research challenges. More precisely, a review of the global 

market environment for EVs and related future possibilities is pursued. Considering that the battery is one 

of the essential components of EVs, the study provides a comprehensive analysis of battery technology, 

ranging from lead-acid batteries to ion-lithium batteries. We also go over the various power control and 

battery energy management approaches that are out there, along with the standards that are available for 

EV charging. With this, we wrap up our work by outlining our expectations for this field going forward. 

The areas of research that remain unexplored by the educational and business sectors. A car with one or 

more electric motors for propulsion is called an electric vehicle (EV). It can run on electricity from sources 

outside of the vehicle, such as collector systems, batteries that are occasionally charged by solar panels, or 

fuel cells or generators that turn gasoline into electricity. Road and rail cars, surface and underwater 

watercraft, electric airplanes, and electric spacecraft are examples of electric vehicles (EVs). In terms of 

road cars, EVs and other cutting-edge automotive technologies like shared mobility, autonomous driving, 

and connected vehicles combine to create a future mobility concept known as Connected, Autonomous, 

Shared, and Electric (CASE) Mobility. Since electricity offered a degree of comfort and convenience of use 

that gasoline-powered cars of the day were unable to match, EVs have existed since the late 19th century, 

when it was one of the most popular forms of motor vehicle propulsion. While electric power remained 

ubiquitous in other vehicle types, such as railways and smaller vehicles of all kinds, internal combustion 

engines remained the primary propulsion technology for cars and trucks for approximately a century. 

INDEX TERMS: Evaluation of EV, Types of EV, Architecture of EV, Energy storage. 

 

INTRODUCTION

The development of electric vehicles is 

gaining traction due to the growing need to 

protect the environment and natural 

resources. Comparing these cars to internal 

combustion ones reveals several benefits. 

They make driving more enjoyable since 

they are simpler, quieter, and more 

effective.  

Electric automobiles utilize the superior 

performance characteristics of an electric 

motor, which include strong torque at low 

rotational speeds and consistent energy 

throughout an extensive velocity range, in 
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contrast with the majority of current 

vehicles, which are powered by internal 

combustion engines. As the Indian 

automobile market continues to grow 

rapidly, electric vehicles, or EVs, are 

emerging as a viable means of enhancing 

the economy, and energy security 

and improving air quality. 

India's government understands how 

urgent it is to investigate sustainable 

mobility options to lessen reliance on 

foreign energy sources, cut greenhouse gas 

emissions, and lessen the negative effects 

of transportation, including global 

warming. By adopting preventative steps 

to lessen the catastrophic climate change 

that threatens the planet's biodiversity. 

Electric vehicles (EVs) may be a better 

option to reduce carbon dioxide emissions. 

Compared to internal combustion engines 

(ICEVs), electric vehicle production emits 

59% more CO2. When viewed from the 

perspective of the Life Cycle Assessment 

(LCA), the emissions of CO2 produced by 

the ICEV grow to 170–180 g/km from the 

tank-to-wheel basis. While carbon dioxide 

emissions from EVs are zero from tank to 

wheel, we estimate that average CO2 

emissions are calculated over the car's life 

cycle rather than just one vehicle. The 

place of manufacture and the type of 

driving the vehicle has a major impact on 

the overall CO2 emissions over the course 

of its lifetime. 

Growing numbers of affordable electric 

vehicles (EVs) are a problem due to the 

transportation sector's harmful emissions 

and various OEM investments. India may 

see a rise in the use of electric vehicles 

(EVs) due to several factors, including 

improvements in technology, falling car 

prices, government policy support, 

incentives for buying vehicles, parking 

benefits, and robust public charging 

infrastructure.  

The overall percentage of EVs in the 

Indian market is low because EV 

production is extremely low. Electric two-

wheelers (E2Ws) such as electric bicycles 

and scooters, three-wheelers such as E-

rickshaws, and four-wheelers made up of 

electric cars are all examples of EVs. 

India's first electric vehicle manufacturer, 

“The Reva Electric car," debuted its 

vehicle in the early 2000s and is dedicated 

to using cutting-edge technology to build 

automobiles that are reasonably priced. 

Leading the Indian market is Mahindra 

Electric Mobility Ltd, the only 

manufacturer of battery-electric vehicles. 

Other significant Highbred EV 

manufacturers with a presence in Indian 

markets include Toyota Kirloskar Motor 

Pvt. limited, Volvo Car Corporation, 

BMW AG, and Honda Motors Co. Ltd. 

Other models were the Tata Tiago Electric, 

Eddy Current Controls Love Bird, Atom 

Motors Stellar, Mahindra e2oPlus, 

Mahindra e-Verito, and Mahindra e KUV 

100. 

1. The evolution of electric vehicles 

The world's earliest electric vehicles (EVs) 

were experimental prototypes that 

appeared in Hungary, the Netherlands, and 

the UK around the 1830s. These vehicles 

precede gasoline-powered automobiles. 

The car built about 1890 by American 

inventor William Morrison is frequently 

regarded as the first viable EV. [5][6] 

Individual electric vehicles and EVs 

competed successfully with gasoline and 

steam automobiles in the Northeast, which 

was the region of the nation with the 

highest density of development, as well as 

in Chicago, throughout the 1890s and the 

early 1900s.[1][3] 

New York was then and remains today the 

most densely developed metropolitan area 

in the United States. In 1900 the 

nationwide registration of 4192 vehicles in 

the U.S. was 1681 steam, 1575 electric, 

and 936 gasoline (Mom, 2004, p. 31). 

According to Sulzberger, in 1899 electric 

vehicles outnumbered gasoline by two to 
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one in the major metro areas – New York, 

Boston, and Chicago.[6][7][9] 

 

 

 

 

 

 

 

 

Figure: First electric car 

1964-1969   

Many developed countries encouraged 

R&D initiatives for electric vehicles in the 

1960s as a result of worries about pollution 

and air quality in large urban areas ([16], 

[32]). Between 1965 and 1966, three bills 

of law in the United States attempted to 

pass Congress to lower air pollution in 

major urban areas [18]. All of these fell 

short, but the US government launched 

programs to encourage societal efforts to 

improve air quality. As an illustration, the 

U.S. Department of Commerce advised 

that traditional automobiles transition to 

being "clean" in a nationwide study that 

was published [37]. 

1970-1979  

In 1973 and 1979, there were two oil 

shortages. More substantial government 

incentives for the development of EV 

technology have therefore emerged to 

lessen reliance on oil and boost energy 

security for countries. The fluctuation in 

fossil fuel costs directly influenced 

whether or not the development of electric 

vehicles was sped up or slowed down. 

Public Law 94-413, the Electric and 

Hybrid Vehicle Research, Development, 

and Demonstration Act, was passed by the 

US Congress in 1976 [8]. 

1980-1989  

According to GM R&D organizations, the 

creation of the only prototype, Sunraycer, 

was an unanticipated development. Roger 

Smith decided for GM to participate in the 

First World Solar Challenge that would be 

hosted in Australia. GM's interest in 

electric vehicles was rekindled by the 

Sunraycer's success, and Aero 

Environment joined in on the creation of 

the Santana prototype. Later on, Impact 

was given to this prototype.[1][3][4] 

1990-1999 

Parallel to this, GM also created the HX3 

hybrid van prototype, which was based on 

Impact's drivetrain. Unlike Impact [26], 

which only has two seats, this van has five. 

The Delco Remy and Allison 

Transmission divisions created a prototype 

electric shuttle bus in 1993 using hybrid 

technology, which combined gasoline and 

lead-acid batteries. This was another HEV 

developed by GM. The prototype's tests 

prompted the creation of a commercial 

version of this portion ([7],[2][3]. 

2000-2010  

It is significant to remember that the 

Korean company received a license to use 

this battery technology after more than ten 

years of research and development by the 

Argonne National Laboratory. GM 

Chairman Rick Wagoner declared in 2009 

that "GM is back in the battery business" 

and that a sizable battery R&D lab is being 

established in collaboration with the 

University of Michigan in light of the 

strategic significance of battery 

technologies in EVs [14]. GM officially 

released Volt for sale in November 

2010.[1] 

 

 

Figure: History of electric vehicles 

2. Types of  electric vehicles 

There are mainly 3 types of electric 

vehicles HEV, PHEV, and BEV. 

 

i. Hybrid electric vehicle (HEV): This 

initially runs on a battery and a motor 
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before switching to a combustion engine to 

reach the appropriate speed. These 

vehicles' batteries are recharged by their 

running combustion and regenerative 

engines. For instance, the Toyota Hyryder, 

Toyota Innova Hycross, and Maruti 

Suzuki Grand Vitara.[38][39] 

 

ii. Plug-in electric vehicle (PEV): 

Depending on the battery's capacity, the 

driver of a range of vehicles can operate 

the vehicle at any speed. A Volvo XC 90, 

for instance, has a battery pack that is 

11.1/18.8 Kwh.[34][37] 

 

iii. Battery electric vehicle (BEV): BE 

vehicle that only uses electric energy that 

has been stored. Lacking a change in the 

driving modes. For instance, BYD Olectra, 

Mahindra XUV400, and TATA 

Nexon.[34][35] 

 

 
Figure: Electric vehicle 3 main types  

 

3. Architecture of electric vehicle 

The goal of EV architecture is to create a 

vehicle that is both environmentally 

friendly and efficient. EV architecture 

typically includes a battery pack, motor, 

and controller. The battery pack provides 

power to the motor, which drives the 

wheels. Due to their convenience when 

recharging, plug-in electric vehicles (PEV) 

make up the majority of electric vehicles. 

Due to their high energy per unit mass in 

comparison to other electrical energy 

storage technologies, Li-ion batteries are 

the most widely used battery type. They 

also have excellent high-temperature 

performance, a high power-to-weight ratio, 

great energy efficiency, and minimal self-

discharge[35]. A desired number of LI-ion 

cell singularities are built concurrently. 

The Battery Pack is the name of this 

component. Without getting too geeky, 

circuit diagrams are a straightforward 

notion that we all studied in our 

fundamental electrical. An electric vehicle 

must store external AC power as DC 

power units in the battery cells after it is 

plugged in. It is necessary to reduce the 

high voltage, three-phase external source 

to reasonable levels.[36] The input voltage 

is reduced by a transformer placed 

between the converter and the external 

source. For each phase input, there are 4 

diodes in the converter. 

 

Figure: Architecture of electric vehicle [35] 

  

4. Energy storages 

To be used in automobiles, especially 

electric vehicles, energy storage systems 

must meet several requirements. When 

building an electric vehicle battery, it is 

important to consider factors such as 

packing, efficiency, and cost.[31] Specific 

energy and specific power are also 

characteristics of battery chemistry. 

Specific power the weight necessary to 

attain a specific electric range depends on 

the nominal battery energy per unit mass 

(Wh/kg). The weight necessary to 

complete a task depends on the maximum 

available power per kilogram (W/kg). Is 

crucial in PEVs because it directly affects 

the vehicle's range. Specific power is 

emphasized in HEVs to give optimum 

vehicle performance [16]. The most often 

used methods are compared in the image 

and table are Used In modern cars' energy 

storage systems. 
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Figure 4: A few electrochemical energy storage 

systems utilized in the propulsion application 

are shown in a schematic 

 

i. Battery: Any EV must have high power 

and high energy capacity batteries, and 

they must do so while still being 

reasonably priced. The weight and the 

limited space are additional relevant 

requirements. The battery is the element 

that drives EV pricing to a value greater 

than comparable ICEs, notwithstanding the 

price drop (77%) in recent years [33]. 

iii. Fuel cell: Contrary to chemical batteries, 

fuel cells produce electricity while 

receiving fuel rather than storing it in vast 

amounts. Fuel cell vehicles have a longer 

driving range than PEVs, which eliminates 

the need for lengthy charging times. An 

advantage of ICEs is the direct conversion 

of energy without combustion to electric 

energy. Hydrogen fuel mixed with oxygen 

is the most effective fuel type used in these 

vehicles [33][35]. 

iiii. Ultra-capacitor: These are small 

capacitors with a very high capacity. They 

may be charged in a very brief amount of 

time, and they can also utilize the energy 

in extremely small bursts, like during rapid 

acceleration. For satisfying sporadic high-

peak power demands linked to power 

steering and braking in conventional 

automobiles, they can be used in place of 

huge alternators. They recapture the 

braking energy that typically dissipates 

heat, and this energy can be utilized to 

reduce losses in electric power steering 

[20].[32] 

 

5. Conclusion  

Electric vehicles can improve fuel 

efficiency, but their purchase price is 

higher than that of conventional cars. In 

general, their lower petroleum 

consumption and higher productivity 

provide long-term economic benefits to 

consumers, society, automakers, and 

policymakers. The literature, an overview, 

and recommendations for studies on the 

penetration rates of HEV, PHEV, and BEV 

in the Indian market are all provided in this 

study. The Indian government's recent 

measures and several incentives will 

support the country's move toward e-

mobility. When unconventional energy 

sources are not available, a novel idea 

called "vehicle-to-grid" can either supply 

energy to the grid or be utilized to recharge 

the battery. This technology is significant. 
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