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1. Types of Electric Vehicles. 

 

There are four different kinds of electric cars on the market: 

•  Battery Electric Vehicle (BEV): BEVs are also all-

electric cars (AEV). Electric drivetrains driven solely by 

batteries are used in BEV-based electric vehicles. The 

enormous battery pack that houses the electricity 

needed to power the car may be charged by hooking it 

to the power grid. One or more electric motors are 

powered by the fully charged battery pack to drive the 

electric vehicle. 
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• Hybrid Electric Vehicles 

1. Hybrid Electric Vehicles (HEV): HEVs are also referred to 

as parallel or series hybrids. HEVs have an electric motor 

in addition to an engine. Fuel powers the engine, while 

batteries provide electricity for the motor. Both the 

engine and the electric motor turn the transmission at 

the same time. Wheels are then propelled by this. 

 

2. Plug-in Hybrid Electric Vehicle (PHEV): PHEVs are also 

known as series hybrids. They have both engine and a 

motor. You can choose among the fuels, conventional 

fuel (such as petrol) or alternative fuel (such as bio-

diesel). It can also be powered by a rechargeable battery 

pack. The battery can be charged externally. 

 

 

• Fuel Cell Electric Vehicle (FCEV): FCEVs are also known as 

Zero-Emission Vehicles. They employ ‘fuel cell 

technology to generate the electricity required to run the 

vehicle. The chemical energy of the fuel is converted 

directly into electric energy. 

 

 

 

2. Different Types of Batteries used in EVs 

The market for batteries for electric vehicles was worth USD 13,383.0 million in 2018 and 

is projected to increase at a CAGR of 16.7% from 2019 to 2025. The market expansion is 

anticipated to be fueled by the top manufacturers' increasing focus on releasing electric 

vehicles, including Bayerische Motoren Werke AG, General Motors, and Ford Motor. 

Additionally encouraging for the market's expansion is the ongoing rollout of Electric Car 

Supply Equipment (EVSE) and the resulting rise in electric vehicle sales. Policies that 

encourage the construction of charging stations through direct investments and public-

private partnerships, particularly in urban areas, would significantly contribute to the 

market's expansion. 

Figure 2 

Figure 3 

Figure 4 
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•  Lithium-ion batteries 

Lithium-ion batteries have rapidly gained popularity in 

recent years. Due to their outstanding specific energy, 

high power-to-weight ratio, exceptional high-

temperature performance, and low self-discharge rate, 

lithium-ion batteries are most frequently employed in 

electric light motor vehicles. 

 

Compared to other batteries, lithium-ion batteries are 

superior at keeping their capacity to retain a full charge 

over time. Since these battery components are 

recyclable, it is a wise choice from an environmental 

standpoint. Even if they support higher energy 

expenditures, they offer remarkable power efficiency, a 

longer lifespan, and are environmentally friendly. 

 

Due to their weight, vehicles powered by lithium-ion 

batteries have greater mileage. An automobile must overcome its 

inertia. Lithium-ion batteries perform better when a 

vehicle needs to be propelled from rest, can 

discharge more quickly, and give more power, which is advantageous for HEV. 

 

 

Figure 5- Global electric vehicle battery market size, by battery type (USD Million) 

Figure 6 - Evolution of Lithium Ion Battery 
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• Lead-acid batteries 

The advancement of lead-acid battery technology is continually ongoing. These 

batteries have a low energy density and a rather wide operating temperature 

range. They can be recycled more easily. The battery's contents can be reused to 

about 95%, which is better for the environment. 

 

Due to their low depth of discharge, lead-acid batteries' cycle life is immediately 

impacted. Because they don't last as long, these batteries frequently need to be 

replaced after 4 to 15 years, depending on the type. 

 

Batteries made on lead-acid do not discharge more than 30 to 40%. which often 

causes the battery to be harmed. 

 

• Nickle – Metal Hydride Batteries 

One pole of a nickel-metal hydride battery contains nickel alloy, 

and the other pole contains nickel oxyhydroxide with potassium 

hydroxide as the electrolyte. The battery typically takes longer 

to charge and drain since it has a lower power-to-weight ratio 

and operates more slowly. 

 

Ni-MH batteries can decay more quickly in high temperatures. 

Ni-MH is hence less desirable. The operational temperature 

range for these batteries is broad. They are also trustworthy and 

secure. Over 3000 cycles are the normal number of cycles for Ni-

MH batteries. They respect the environment. Ni-MH provides a 

voltage of 1.2 V. Ni-Cud technology has been replaced by this one. 

 

Electric razors, laptops, medical devices, and car batteries all frequently use these 

batteries. 

 

• Ultracapacitors in Electric Vehicles 

Ultracapacitors, as opposed to batteries, store the charge as static energy. They 

have a much higher specific power because they can provide a higher current. The 

heating of ultracapacitors is not a concern. 

 

Figure 7- Nickle – Metal Hydride 

Batteries 
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The ability to perform millions of charging cycles is the main benefit of 

ultracapacitors. They are currently utilised in numerous applications, such as 

microgrids, buses, and trains. Nevertheless, as these technologies advance, we 

might eventually notice changes in electric automobiles. 

 

Consumers now have a viable choice in the automobile market for battery electric 

vehicles. It appears that variations of Li-ion batteries are currently the 

predominant kind that is mostly used in BEVs since they have a low self-discharge 

rate and exceptional specific energy.  

 

 

 

 

 

 

 

 

 

 

3. Battery Management System (BMS) 

“A battery pack, which is an assembly of battery cells electrically organised in 

a row-by-column matrix configuration, is under the control of a battery 

management system (BMS), a piece of technology designed to deliver a 

targeted range of voltage and current for a period of time against anticipated 

load scenarios.” 
 

A BMS often provides the following oversight: 

• Looking after the battery. 

• Protecting the batteries. 

• Determining a battery's operational status estimate. 

• Enhancing battery performance continuously. 

• Updating external devices on operational status. 

Figure 8 - Ultracapacitors 
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Figure 9- Battery Management System Functionality 

Individual cells, or collections of cells known as modules, are the focus of the 

monitoring and control operations in the complete battery pack assembly. With the 

maximum energy density, lithium-ion rechargeable cells are the go-to option for 

battery packs in a wide range of consumer goods, from laptops to electric automobiles. 

Even while they work incredibly well, they can be quite unforgiving if used outside of a 

relatively small safe operating area (SOA), with results that can range from impairing 

battery performance to seriously harmful outcomes. The job description for the BMS 

is undoubtedly difficult, and both its general complexity and its scope of oversight may 

touch on a variety of disciplines, including electrical, digital, control, thermal, and 

hydraulic. 

• How do BMS works? 

There isn't a predetermined set of standards that must be followed in battery 

management systems. The extent of the technology design and the features used 

typically connect with: 

• The battery pack's price, complexity, and size 

• Use of the battery and any safety, durability, and warranty issues 

• Certification requirements from various government legislation where there are 

severe financial consequences for failing to implement acceptable functional safety 

measures. 
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Two essential BMS design components, among many others, are capacity 

management and battery pack protection management. We'll go over how these two 

features work in this section. The two main areas of battery pack protection 

management are electrical protection, which implies preventing the battery from 

being damaged by operation outside of its SOA, and thermal protection, which 

includes passive and/or active temperature regulation to retain or bring the pack into 

its SOA. 

 

• Electrical Management Protection: Current 

The path to electrical protection involves monitoring battery pack current and cell or 

module voltages. Any battery cell's electrical SOA is constrained by current and 

voltage. A well-designed BMS will safeguard the pack by prohibiting operation 

outside the manufacturer's cell ratings, as shown in the Figure by a typical lithium-

Centralised Battery 

Single BMS printed circuit board (PCB) 

with a control unit that manages all 

cells in a battery through multiple 

communication channels. 

Distributed Battery 

Every battery cell has its own BMS PCB, 

and a control unit is connected to the 

entire battery through a single channel. 

Modular Battery 

Modular BMS is a combination of the 

two topologies. This arrangement is also 

known as decentralised, star, or the 

master and slaves topology. 

Figure 10- Battery Management Topology 
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ion cell SOA. In many situations, additional derating may be used to stay inside the 

SOA safe zone to prolong battery life. 

 

 

 

• Electrical Management Protection: Voltage 

Figure 2 shows that a lithium-ion cell must operate within a certain voltage range. 

The intrinsic chemistry of the chosen lithium-ion cell and the temperature of the cells 

at any given time will eventually decide these SOA bounds. These SOA voltage 

restrictions are typically further restricted to maximise battery lifespan because any 

battery pack sees a large amount of current cycling, discharging owing to load 

demands, and charging from a variety of energy sources. The BMS must be aware of 

these boundaries since it will issue orders based on how close a situation is to these 

limits. For instance, a BMS may ask that the charging current be reduced gradually as 

the high voltage limit is approached, or it may ask that it be stopped entirely if the 

limit is achieved. 

• Thermal Management Protection: Temperature 

Lithium-ion cells may first appear to have a broad temperature range, but because 

chemical reaction rates become noticeably slower at low temperatures, overall 

battery capacity decreases. They do perform far better than lead-acid or NiMh 

batteries when it comes to capability at low temperatures. Still, temperature control 

is necessary because charging below 0 °C (32 °F) is physically difficult. When charging 

at sub-freezing temperatures, the anode may exhibit the phenomena of metallic 

Figure 11- Electrical protection management of BMS 
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lithium plating. In addition to a permanent reduction in capacity, this damage makes 

cells more susceptible to failure under stressful circumstances such as vibration. 

Through heating and cooling, a BMS may regulate the battery pack's temperature. 

 

 

• Capacity Management 

One of the most important battery performance benefits a BMS offers is maximizing 

a battery pack's capacity. A battery pack may eventually become worthless if this 

maintenance is neglected. A battery pack "stack" (series array of cells) is not equal 

and intrinsically has somewhat varied leakage or self-discharge rates, which is the 

root of the problem. Leakage is a battery chemical trait rather than a manufacturer 

problem; however, statistically, it may be affected by little manufacturing process 

differences. A battery pack may initially include a well-matched cell. Still, as time 

goes on, the resemblance between the cells decreases even more, not just because 

of self-discharge but also as a result of charge/discharge cycling, high temperatures, 

and normal ageing. 

• Types of Battery Management System. 

The main goal of battery management systems is to "take care of the battery," and they 

can be simple or complicated and incorporate a broad variety of technologies to do so. 

However, these systems can be divided into several groups based on their topology, 

which refers to how they are installed and used across the battery pack's cells or 

modules. 

Figure 12- Thermal management Protection of BMS 
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• Centralized BMS Architecture 

It consists of a battery pack assembly with a single central BMS. 

Direct connections have been made between the central BMS 

and each battery package. The figure depicts the structure of a 

centralized BMS. There are various benefits to centralized BMS. 

Since there is only one BMS, it tends to be more compact and 

affordable. But there are drawbacks to a centralized BMS. Since 

every battery is directly connected to the BMS, the BMS 

requires many ports to connect with every battery package. 

Large battery packs consequently have a lot of wires, cabling, 

connectors, etc., which makes maintenance and 

troubleshooting more difficult.  

 

• Modular BMS Topology  

The BMS is separated into numerous replicated modules, much 

like a centralized implementation, each with a specific bundle 

of wires and connections to a neighboring designated area of a 

battery stack. Look at Figure 7. These BMS submodules might 

occasionally be supervised by a main BMS module, whose job it 

is to keep track of their status and interact with ancillary 

hardware. Duplicated modularity makes troubleshooting and 

maintenance simpler, and it makes it simple to expand to larger 

battery packs. The drawbacks include slightly greater total 

expenses and potential for redundant, underutilised capability, 

depending on the application.  
 

• Distributed BMS Architecture 

The electronic hardware and software in these topologies are 

contained in modules that connect to the cells through bundles 

of attached cabling, which is significantly different from the 

other topologies. A control board located on the cell or module 

being monitored houses all the electronic hardware in a 

distributed BMS. As a result, the majority of the wiring is 

reduced to a few sensor wires and communication cables 

connecting nearby BMS units. Each BMS becomes more 

independent as a result and manages calculations and 

Figure 13 

Figure 14 

Figure 15 
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communications as needed. Although it appears straightforward, this integrated 

form could make maintenance and troubleshooting difficult because it is tucked 

away inside a shield module assembly. As there are more BMSs in the total battery 

pack construction, costs also tend to be greater. 

• The Benefits of battery management systems 

Depending on the application, a battery energy storage system (BESS) could consist of 

tens, hundreds, or even thousands of lithium-ion cells that are carefully arranged 

together. With pack supply currents ranging from as high as 300A or higher, these 

systems may have a voltage rating of less than 100V but as high as 800V. Any misuse of 

a high-voltage pack could result in a deadly, catastrophic accident. BMSs are therefore 

critically necessary to ensure safe operation. The advantages of BMSs are best summed 

up as follows.  

 

 

 

Costs are increased by the addition of 

a BMS to a BESS, because battery 

packs are both expensive and possibly 

dangerous. Higher safety standards 

are required for more complex 

systems, necessitating more BMS 

oversight presence. warranty. 

Continuous monitoring of all battery cells is a 

duty for oversight. Data logging can be used 

for diagnostics on its own, but is frequently 

intended for the computation of the SOC of 

all the cells in the assembly. In addition to 

being used for balancing algorithms, this data 

can be sent to external devices and displays 

to show the various data like battery health 

and etc. 

This is undoubtedly wise and crucial for big format 

lithium-ion battery packs. However, even smaller 

formats, like those used in computers, have been known 

to catch fire and inflict significant harm. Users of items 

that use lithium-ion powered systems are largely secure 

from mistakes in battery management. 

Electrical and thermal battery 

pack protection management 

makes ensuring that all cells 

are used in accordance with 

defined SOA. requirements 

The best battery capacity can be achieved 

via BMS battery pack capacity 

management, which uses cell-to-cell 

balancing to equalize the SOC of nearby 

cells throughout the pack assembly. 

Figure 16- Benefits of BMS 
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4. Future of Battery Management Systems. 

• Wireless battery management system 

In response to customer and societal expectations for higher performance, new EV 

battery management technologies are being developed. One area where EV cost and 

performance can be significantly improved is the development of wireless BMS. 

An electric vehicle's size and weight can be decreased with the aid of a wireless BMS, 

which also improves fuel efficiency and increases driving range. 

 

• Improved BMS for fast-charging EV batteries 

For electric vehicles, notably buses and other continuously operating vehicles, fast 

charging is an innovation that is rapidly emerging and urgently need. Conventional 

AC charging might take many hours to fully charge an electric vehicle (EV), while 

rapid charging can complete the task in under 20 minutes. 

To prevent overcharging and overheating, fast-charging EV batteries require more 

sophisticated battery management and precise evaluations of conditions inside 

battery cells. 

 

 

 

 

 

 

 

 

 

 


