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Abstract— The first order of business is to learn all about the 

vehicle itself, Before we move on to topics such as battery 

technology and charging, most of the fundamentals of electric 

vehicles will be touched upon: we will discuss what makes 

them different from traditional gasoline vehicles, about the 

battery and technology involved, elicit on the differences 

between various electric motors, charging method and finally 

we will dive into future trends. 
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I. INTRODUCTION 

An electric car is a plug-in electric automobile that is 

propelled by one or more electric motors, using energy 

typically stored in rechargeable batteries. As of September 

2018, there are over 4 million all-electric and plug-in hybrid 

cars in use around the world. 

II. DIFFERENCE BETWEEN ELECTRIC VEHICLES & 

CONVENTIONAL VEHICLES 

Most people don't understand the basics when it comes to 

comparing conventional cars with electric cars. In essence, 

there are two fundamental characteristics that all cars have. 

 The first fundamental characteristic is Engine and 

the second fundamental characteristic is energy storage. 

A. Engine 

The engine converts potential energy into kinetic energy. We 

might think that there are many types of Engines out there, 

but in essence, there are only two types of Engines. This has 

been true since the beginning of human history. The first 

Engine is the heat engine, and the second one is the electric 

engine. In a heat engine, burning releases the potential 

chemical energy in a fuel. This heat produces expansion and 

this, in turn, drives some mostly rotary motion. This is true 

for steam engines, sterling engines, diesel engines and 

gasoline engines. The picture shows how a four stroke engine 

works. 

 
Fig. 1:  

 On the first stroke, gasoline is injected into a 

chamber by opening a valve that is then closed again. On the 

second stroke, the cylinder moves upwards and the gasoline 

is compressed. On the third stroke, the energy in the fuel is 

harvested by igniting it. The resulting explosion drives the 

cylinder down and that produces a rotating motion. This is 

comparable to a bicycle basically, where pushing down the 

pedal moves the bicycle forwards. On the fourth and final 

stroke, the energy burned is emitted. It’s all very ingenious 

but a heat engine has numerous problems. The entire engine 

requires hundreds of precisely crafted moving parts. That 

makes the engine heavy and expensive. And since all the heat 

and explosions cause a lot of wear and tear, it needs a lot of 

maintenance and even then it wears down pretty quickly. 

 On the other hand, the electric engine works 

completely different. They all work by using magnetic fields. 

If we take a coil of wire and make electricity flow through it, 

it creates its own magnetic field. It has become a magnet. If 

we place this magnetic coil between two magnets, one side of 

the coil will be pushed up and the other side will be pushed 

down. This makes the coil turn until it is vertical. At that 

moment we quickly change the polarity. That way we can 

create a rotary motion. The picture shows how magnetic 

motor works. 

 
Fig. 2: 

 The advantages of the electric motor are numerous. 

It only has one moving part, we call that the rotor. Therefore, 

it can be relatively light, compact and inexpensive. And since 

magnetic fields are very gentle, an electric motor can last 

essentially forever without any maintenance. Energy 

efficiency, that's very important, can be close to 100% and 

you can even win back energy when braking. So theoretically, 

it takes you over 100% if you compare it to the gasoline 

engine that is only 25% efficient. Because of this, the average 

electric car is four times more efficient than the average 

conventional car. This sums it all up and it's clear the electric 

motor is superior in every way. So why did we end up with 

the gasoline engine? The answer to that question is energy 

storage. 

B. Energy Storage 

When you look at engines, the electric engine has the upper 

hand. But if you look at energy storage, the heat/gasoline 

engine has the upper hand: Fuel is a really marvellous way to 

store energy. Batteries compare very poorly to that. 

 A lead acid battery from 1900 stored only around 

0.01 kWh per kg: that's more than 1000 times less than 

https://en.wikipedia.org/wiki/Plug-in_electric_vehicle
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gasoline. No wonder the gasoline engine won. A lead acid 

battery at the end of the last millennium was better at 0.035 

kWh per kg but that's still about 350 times worse. A nickel 

metal hydrate available at the turn of the new millennium 

stores 0.08 kWh. This is still 150 times less. In the near future 

(say within ten years) we can expect batteries that store 

double that, still 30 times worse. Theoretically, lithium-air 

batteries can even hold more energy than gasoline. But that is 

very very theoretical. So if we take the efficiency of the motor 

into account, we could have a theoretical situation where 

actually the batteries are lighter. However, that is only a very 

long-term perspective. 

III. BATTERY 

Batteries can store energy and are used to power a large 

variety of devices, ranging from micro batteries that maintain 

the memory of computer chips up to big batteries that power 

electric cars and stabilize the electricity grid. Batteries that 

can only discharge once are called primary cells, for example, 

our well-known triple-A and double-A alkaline batteries. 

Batteries that can be recharged are called secondary batteries. 

Examples of which are lead-acid, nickel metal hydride and 

lithium-ion batteries. 

 Batteries consist of a positive and a negative pole or 

electrode. In a charged battery, energy is stored in a chemical 

form in the electrodes which is released as electrical energy 

when discharged. Vice versa, secondary batteries can be 

charged using electricity during which the electrical energy is 

converted to chemical energy, stored in the battery. An 

important characteristic of batteries is that the energy storage 

efficiency is very high, mostly more than 90 per cent in 

lithium-ion batteries. In an electric vehicle all the energy 

needed to drive is stored in the EV batteries. Moving from 

fossil-fuels-powered-cars towards battery-powered-cars is 

challenging, first of all, because fossil fuels such as diesel and 

gasoline have a large gravimetric energy density compared to 

batteries. 

A. Electric Vehicle Battery Performance Parameters 

The most important battery performance parameters are the 

efficiency, the energy density and crates. Let us look them 

one after other. 

1) Efficiency 

The efficiency of a battery can be divided into two different 

types. The Coulombic efficiency is the ratio between the 

discharge and charge capacity. It quantifies the ratio of 

electrons produced by the battery during discharge with that 

consumed during charge. If this deviates from 100% this 

implies that some charge or discharge capacity is consumed 

by a side-reaction, were both the Lithium-ions as well as the 

electrons can be involved in these undesired side-reactions. 

 The other type of efficiency is energy efficiency that 

is simply the ratio of the out coming and incoming energy. 

The total amount of energy stored in the battery during 

charge, and released during discharge corresponds to the 

average voltage times the capacity. 

B. Energy Density 

The energy density is another very important parameter. 

There are two types of energy density, one is per weight and 

one is per volume. 

 After determining the energy that can be stored in a 

battery, we can obtain the gravimetric energy density by 

dividing the energy content by the battery weight resulting in 

the unit Watt-hours per kilogram. 

 The energy density per volume is called the 

volumetric energy density. To obtain the volumetric energy 

density we divide the energy by the volume of the battery, 

typically in litres. The gravimetric energy density is most 

relevant for EV's, and the volumetric energy density for 

portable electronics. We need to make a distinction between 

the energy that is stored during charge and the energy that we 

get out during use of the battery. The ratio of these two is the 

energy efficiency of the battery. The energy efficiency of 

most batteries is relatively large compared to other energy 

storage technologies, typically above 90% for Lithium-ion 

batteries. However, as we will see later the energy efficiency 

depends on how fast we charge and discharge. 

1) C-Rates 

The C/X-rate represents the current to charge or discharge the 

battery to its full capacity in X hours. For instance, C over 20 

corresponds to the current that would charge or discharge the 

battery in 20 hours, 10C corresponds to the current that would 

charge or discharge the battery in 0.1 hours, which is 6 

minutes. It is thus clear that higher C-rates will lead to higher 

charging currents. Unfortunately, higher C-rates come with a 

price, namely lower efficiency. 

C. Materials inside Battery 

We look inside the battery, to understand what microscopic 

parameters determine battery performance. 

 Let’s consider the atomic scale working of a Li-ion 

battery by looking at the classical combination of a graphite 

negative electrode with a Lithium cobalt oxide or LCO 

positive electrode. Lithium can be stored between the 

graphene layers in graphite and in the interlayers of the cobalt 

oxide host, or short LCO. Lithium is relatively weakly 

bonded in graphite (the negative electrode) compared to in 

LCO (the positive electrode). The resulting chemical driving 

force for lithium to move from the graphite towards the LCO 

expresses itself as battery voltage. This driving force will 

cause the battery to discharge spontaneously, but only if the 

Li-ions are allowed to move through the electrolyte from the 

negative to the positive electrode. 

 The electrolyte only allows passage of Li-ions, 

positively charged Li. Therefore, discharging requires the 

electrons to go through the external circuit. Only when the 

external circuit is closed, via an application, an electrical 

current will run, driven by the Li-ions that migrate from the 

negative to the positive electrode. Under these conditions, the 

battery is discharging. 

 During discharge the negative electrode produces 

electrons, corresponding to oxidation of the graphite, in 

which case the negative electrode is called Anode.  At the 

positive electrode, electrons are consumed, which 

corresponds to the reduction of the LCO, in which case the 

positive electrode is called Cathode. 

 Charging the battery is achieved by applying a 

current opposite to discharging, which requires a voltage 

larger than the battery open circuit voltage. This will drive the 

electrons back from the positive to the negative electrode via 

the external circuit and thereby also the Li-ions. In this case, 
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electron production and consumption are reversed, and thus 

also the anode-cathode assignment switches between 

discharge and charge, as opposed to the negative/positive 

electrode assignment that remains the same. 

IV. CHARGING METHOD 

There is a battery pack inside the EV and it needs to be 

charged from time to time. There are various ways to charge 

it. The two common ways are conductive charging and it has 

two categories: AC and DC charge. The users have their 

flexibility of choosing where to charge, at home, at the 

workplace or at a public charging station. The second method 

is a battery swap. 

A. AC Charging 

One of the conductive charging methods is AC charging, the 

advantages of this charger are that the battery can be 

recharged anywhere there is a standard electrical outlet. 

 It can easily communicate with the Battery 

Management System (BMS) thanks to the internal wiring 

network. 

 This effect leads to a higher performance and lower 

cost. However, the AC power has to be converted into DC 

power in the car, and there is a limitation of the power output. 

That is because of the size and weight restrictions on the 

onboard charger. And, normally AC charge needs a relatively 

long time. 

B. DC Charging 

The DC charging is suitable for high power designs, and the 

power output of fast charges is limited only by the ability of 

the batteries to accept the charge. The charging time of fast 

charger is less than one hour. 

 The benefits of DC charge are: It can be designed 

with either a high or low charging rate, and is not limited in 

its weight and size. Also, DC charge with high power requests 

less charging time. Nevertheless, DC charging request higher 

investment for installation compare to AC charging; And we 

could access the DC charge port only at public charging 

stations. 

C. Battery Swap 

The third method we are going to introduce is the battery 

swap. The battery swap works on the basis of switching out 

the depleted battery and replacing the same with a full battery. 

The process involves driving into a battery switching bay and 

an automated process will position the vehicle, switch out the 

current battery and replace it with a fully charged battery. The 

depleted batteries are charged in the station for later 

deployment. The benefits of battery swap are obvious that 

there is no range anxiety, quick and easy like refill your tank. 

This approach has seemingly quite some advantages over 

other charging technology, but to get market acceptance is a 

challenge. 

 The main reasons are as follows: First, the 

requirement of Standardized Battery Interface across multiple 

car manufacturers. Second, consumer acceptance of not 

owning a battery and having to change the vehicle battery. 

Third, to monetize the battery usage, there should be a 

foolproof way to estimate the batteries state of health to check 

for its usage pattern. The fourth challenge is from Safety 

Perspective. The electrical connection between the battery 

and the vehicle carries a very high current, and it is this 

connection that would need to be made and broken each time 

the battery is exchanged. At best, it will cause wear and 

degradation at the key link between the two components. At 

worst; it has the potential to cause a massive discharge, with 

all the consequences that might ensue. 

 As a conclusion, there is still a long way to go to 

charge the battery more convenient, more efficient, stable, 

and economical. 

V. FUTURE TRENDS 

We will look at some important technologies and emerging 

trends in electric vehicles and charging infrastructure design, 

such as powertrain design, fuel cell electric vehicles, future 

charging technologies. 

A. Trends in Electric Vehicle Powertrain & Battery 

Technology 

Amongst EV manufacturers, it has now become unofficially 

recognized that EVs in the future must have a battery capacity 

that can provide 200-300 mile range. This is more than 

ufficient for city commutes and removes the range anxiety on 

the highway for long distance driving in combination with 

highway fast-charging. Secondly, manufacturers are moving 

towards designing electric vehicles from the bottom up rather 

than building them based on existing combustion engine cars. 

 This approach provides more flexibility in design, 

scope to add larger batteries and is expected to reduce the cost 

of the vehicle in the long run. A third trend is to integrate the 

different powertrain components and controllers in the 

vehicle. This allows an increase in the power density with a 

subsequent reduction in vehicle weight, reduces the wiring 

requirements within the car and provides more efficient ways 

for thermal management of powertrain components. The use 

of wide bandgap semiconductor devices such as silicon 

carbide and gallium nitride would help increase the switching 

frequency of power converters and hence increase power 

density. 

 On the battery side, the battery pack voltage is 

increasing from 400V to 800V providing increasing charging 

power for the same charging current. 

B. Fuel Cell Electric Vehicles 

While solar cells can help in increasing the range of an EV, 

fuel cells powered by hydrogen can provide long driving 

range and quick fuelling times similar to a combustion engine 

vehicle. A fuel cell electric vehicle is essentially an electric 

vehicle with a battery with the key feature of using a fuel cell 

to charge the battery and power the drivetrain. 

 Production versions of Fuel cell vehicles have been 

offered by several leading car manufacturers including 

Toyota, Honda, Hyundai, and Mercedes. While high costs of 

the vehicle and charging infrastructure have limited its 

growth till now, fuel cell EVs are expected to emerge back in 

the future and play a key role especially for long distance 

heavy vehicle transport such as trucks. 

C. Future Charging Technology 

The vital technology for future of EV charging namely, 

wireless charging and smart charging. 
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 Wireless inductive charging of electric vehicles 

would provide ease and convenience of charging without the 

requirement of any charging cables. The technology uses two 

electromagnetically linked coils that exchange power at high 

frequency. The primary coil is placed on the road surface and 

linked to the electricity network while the secondary coil is 

placed on the vehicle and charges the battery. Wireless 

charging systems are now commercially available for various 

electric vehicles. 

 The next key charging technology is smart charging, 

especially from renewable energy sources like wind and solar 

and vehicle to grid technology. Smart charging of EVs 

whether it is AC, DC or wireless involves the control of the 

charging power as a function of time. By controlling the 

charging power, several benefits can be achieved in the future 

as enlisted namely: Reducing the charging cost; Charging 

based on renewable energy generation; Using the car as a 

storage for the renewables and a grid back up with the use of 

vehicle-to-grid; Providing demand-side management and 

reducing the peak load and losses in the distribution network; 

As well as providing ancillary services in the form of voltage 

and frequency control to the grid. 
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