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Abstract- Electric vehicles (EVs) have gained 

significant traction in recent years, driven by 
concerns over environmental sustainability and 
advancements in battery technology. Central to 
the efficient operation and longevity of EV 
batteries is the Battery Management System 
(BMS). This paper describes the batteries used in 
electric vehicles and the key issues of battery 
management systems. This paper also addresses 
the construction of batteries used in electric 
vehicles and how they are beneficial.  
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1. Introduction 

Over the past decade, there has been significant 
progress in battery technology, leading to the 
development of numerous high-performance batteries. 
Electric vehicles now demand powerful batteries 
equipped with sustainable battery management 
systems to ensure their safe and dependable 
operation. These advancements have significantly 
contributed to making EVs more viable as an 
environmentally friendly transportation option, offering 
longer ranges, faster charging times, and increased 
reliability. There are three primary batteries used in 
electric vehicle operation. They include lithium-ion 
batteries, nickel-metal hybrid batteries, and lead-acid 
batteries. The focus of this paper will be primarily on 
lithium-ion batteries and lead-acid batteries.  

1.1 What Batteries are Being Used in EV 
Technology? 

Most all-electric vehicles and plug-in hybrid electric 
cars use lithium-ion batteries. Lithium-ion batteries are 
currently used in most portable consumer electronics, 
such as cell phones and laptops, because of their high 
energy per unit mass and volume relative to other 
electrical energy storage systems. Nickel-metal 
hydride batteries, used routinely in computer and 
medical equipment, offer reasonable specific energy 
and specific power capabilities. These batteries have 
been widely used in hybrid electric vehicles. Advanced 
high-power lead-acid batteries are being developed, 
but these batteries are only used in commercially 

available electric-drive vehicles for ancillary loads. 
They are also used for stop-start functionality in 
internal combustion engine vehicles to eliminate idling 
during stops and reduce fuel consumption [1]. 

2. How do These Batteries Work? 

Lithium-Ion Batteries: In a lithium-ion battery, 
lithium ions (Li+) move between the cathode and 
anode internally. Electrons move in the opposite 
direction in the external circuit. This migration is the 
reason the battery powers the device—because it 
creates the electrical current. While the battery is 
discharged, the anode releases lithium ions to the 
cathode, generating a flow of electrons that helps to 
power the relevant device. When the battery is 
charging, the opposite occurs: lithium ions are 
released by the cathode and received by the anode 
[2].  

 

Figure 1. Detailed visual of what a lithium-ion 
battery looks like.  

Reprinted from UL Research Institutes [2]. 

Lead-Acid Batteries: The battery is made up of 
cells consisting of spongy lead anodes and lead acid 
cathodes, submerged in a sulfuric acid electrolyte, 
and lead as the current collector [3]. A controlled 
chemical reaction to sulfuric acid causes the battery to 
produce electricity, then the reaction is reversed to 
recharge the battery [4].  
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Figure 2. Visual of a lead-acid battery design. 

Reprinted from BYJU’s Learning [9]. 

3. What are the Benefits of These Batteries? 

Lithium-Ion Batteries: These batteries have high 
energy density, so they can hold a high amount of 
energy relative to their size. They are lightweight, 
have long lifespans, have good long-term 
performance, are relatively temperature tolerant, and 
have low self-discharge with only dropping 1-2% of 
charge per month. In addition, they have a fast-
charging time, and they can be customized to who the 
manufacturers need them [5]. 

Lead-Acid Batteries: The biggest advantage of 
lead-acid batteries is their low-cost, long-life cycle, 
and recyclability. The performance remains consistent 
and reliable, which makes them a viable choice for 
those who need reliability in their performance [6]. 

4. What are the Issues of These Battery 
Management Systems? 

The major concerns about using lithium-ion 
batteries in electrical vehicles include labor for mining 
cobalt, the environmental impacts of obtaining lithium, 
sufficient supply of materials for the batteries, carbon 
emissions from the manufacture of batteries, and the 
toxic waste of disposing of the used batteries [7].  

Lead-acid batteries are cheap and reliable, but 
they also have low specific energy, poor cold-
temperature performance, and a short life cycle [1]. 
One can use 30-50% of the energy only before 
worrying about draining the battery quickly and cutting 
its lifespan short. If the battery is drained, it takes a 
long time to recharge it. So, unless the car is 
recharged overnight, one may not be able to drive it 
any time soon. Finally, the lead-acid batteries are big 
and bulky and take up more room than other batteries 
in an electric vehicle [8].  

5. Conclusion 

Advancements in EV battery management systems 
have improved rechargeable batteries' reliability, 
longevity, and charging times. While the batteries are 
being improved, there are still disadvantages and 
issues to working with them in electric vehicles. We 
can expect to continue to see lithium-ion and lead-
acid batteries in EVs, however, with limited resources 
to create such batteries, there are opportunities for 

further research in this field to discover more, and 
better, alternatives.  

6. Funding: 

No Sponsoring or financial support is received to 
cover the costs of this research. 

7. Conflicts of Interest: 

There are no conflicts of interest in the research.  

Sources: 

[1]. Batteries for Electric Vehicles. Alternative 
Fuels Data Center: Batteries for Electric Vehicles. 
(n.d.). https://afdc.energy.gov/vehicles/electric-
batteries  
[2]. What are lithium-ion batteries?. UL Research 
Institutes. (2021, September 14). 
https://ul.org/research/electrochemical-safety/getting-
started-electrochemical-safety/what-are-lithium-ion  
[3]. Lead acid battery. Lead Acid Battery - an 
overview | ScienceDirect Topics. (n.d.). 
https://www.sciencedirect.com/topics/earth-and-
planetary-sciences/lead-acid-battery.  
[4]. Battery Accessories. (2022, May 24). What is 
a lead acid battery?. Battery Accessories. 
https://batteryaccessories.net/blogs/news/what-is-a-
lead-acid-battery.  
[5]. News, P. I. (n.d.). What are the benefits of 
lithium ion batteries?. Petro Online. https://www.petro-
online.com/news/measurement-and-
testing/14/breaking-news/what-are-the-benefits-of-
lithium-ion-batteries/58817  
[6]. Sowers, C. (2022, December 19). Why 
choose lead-acid battery power?. Gregory Poole Lift 
Systems. https://www.gregorypoolelift.com/blog/why-
choose-lead-acid-battery-power/. 
[7]. Addressing concerns about electric vehicle 
batteries. Coltura. (2024, March 28). 
https://coltura.org/evbatteries/. 
[8]. Energy, H. (2022, August 18). Lead acid 
battery: Maintenance and downsides. Renewable 
Alternative Energy Solutions. 
https://www.hcienergy.com/blog/lead-acid-battery-
maintenance-and-downsides 
[9]. Admin. (2022a, November 16). What is lead-
acid battery? - working, Construction & charging with 
videos. BYJUS. https://byjus.c om/chemistry/lead-
acid-battery/ 

http://www.jmest.org/
https://afdc.energy.gov/vehicles/electric-batteries
https://afdc.energy.gov/vehicles/electric-batteries
https://ul.org/research/electrochemical-safety/getting-started-electrochemical-safety/what-are-lithium-ion
https://ul.org/research/electrochemical-safety/getting-started-electrochemical-safety/what-are-lithium-ion
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/lead-acid-battery
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/lead-acid-battery
https://batteryaccessories.net/blogs/news/what-is-a-lead-acid-battery
https://batteryaccessories.net/blogs/news/what-is-a-lead-acid-battery
https://coltura.org/evbatteries/
https://www.hcienergy.com/blog/lead-acid-battery-maintenance-and-downsides
https://www.hcienergy.com/blog/lead-acid-battery-maintenance-and-downsides

