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Abstract 

The increasing detrimental effect of automobile emissions on human health and ecology in 

urban areas has forced a shift to more sustainable mobility. Carbon dioxide has been 

identified as one of the main pollutants [1]. Electric Vehicles arise as a great alternative due 

to their greater sustainability and cost during their lifetimes compared to their gasoline-

powered counterparts. Forecasted data shows exponential growth for electric vehicles, with 

a compound annual growth rate of 21.1% by 2030 [2]. The battery of an electric vehicle is 

the part that makes it sustainable, reducing its dependence on fossil fuels while efficiently 

storing energy for transmission to the engine.  

This paper provides a detailed explanation of the design and manufacturing process 

involved with electric vehicle batteries. The fundamental principles of battery operation, 

the battery components and materials, manufacturing techniques used, thermal 

management problems concerning the batteries, challenges, and future trends are all 

discussed at length in this technical report. The main motive of this research is to provide a 

structured report discussing the intricacies of electric vehicle battery design and production 

to understand its role in sustainable transportation better while exploring possible 

alternatives to traditional lithium-ion batteries. 

 

Keywords: Electric Vehicles (EVs), battery, cathode, anode, electrolyte, density, materials, 

lithium. 

 

Introduction 

With climate change endangering the lives of millions of people and threatening many facets 

of the economy, the transport sector and electric vehicles are expected to be an important part 

of the solution. Electric vehicles (EVs) emit neither tailpipe pollutants nor carbon dioxide or 

nitrogen dioxide. Along with the clear environmental benefits, there are a myriad of other 

positives [3]. 

EVs have fewer and simpler components, making them more reliable. They have fewer 

breakdowns and do not suffer wear and tear due to internal engine explosions and fuel 

corrosion. The maintenance and electricity cost for EVs is much lower than that for 

traditional combustion vehicles. The energy output for EVs is more in comparison to that for 

traditional combustion vehicles making them more efficient. EVs fed by renewable energy 

show an overall efficiency of up to 70%. Traveling in EVs becomes more comfortable due to 

the absence of engine vibrations or noise disturbances. 

Thus, EVs prove to be a promising alternative, both in terms of sustainability and utility. The 

battery, most often lithium-ion, comprises the most important part of an electric vehicle. 

Electric vehicles depend on electrochemical battery systems, with lithium-ion batteries 

widely accepted as the primary option in terms of energy density. The lithium-ion batteries 

act as an energy accumulator that stores energy for transmission to the engine. Due to their 

paramount importance in energy storage and supply, the electrical and mechanical 

integration of cells into packs and packs into the vehicle body should be done with utmost 

care to ensure long and safe operation. A significant challenge arises here: to minimize the  
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weight of the battery while providing sufficient protection 

in case of a vehicular accident.  

The main principle behind the battery is to create a 

difference in potential between the negatively charged 

electrode and the positively charged electrode that is 

immersed in a conductive ionic solution called the 

electrolyte. During the discharge phase, the electrons 

accumulated in the negatively charged electrode are 

released via an external circuit to the positively charged 

electrode. Conversely, during the charging phase, the 

external energy supplied by the charger sends the electrons 

back to the negatively charged electrode.  

The battery cell in an EV contains lithium carbonate, 

cobalt, manganese, and nickel. Lithium, being the key 

component in these batteries, increases its demand greatly 

which produces some environmental problems. Cobalt, 

nickel, and lithium are all extracted using environmentally 

damaging methods and require a high amount of energy for 

their purification processes. The careless disposal of these 

batteries, which contain toxic materials, provides another 

environmental issue [4]. However, alternatives like sodium-

ion batteries prove to be promising. Despite having a lower 

energy density compared to lithium-ion batteries, they 

provide a longer cycle life, high round-trip efficiency, high 

safety, and less cost due to the greater availability and 

accessibility of sodium.[5]. This paper will provide a 

comprehensive analysis of the design and manufacturing 

process associated with these batteries, discuss the 

challenges faced, and explore the possible alternatives. 

 

Background 

Lead Acid Battery 

The lead-acid battery, first invented in 1859 by a French 

physicist named Gaston Plante, was the first form of 

rechargeable battery to find application in EVs. It was a 

relatively simple cell involving two lead sheet electrodes 

separated by a rubber strip immersed in a sulfuric acid 

electrolyte. Having gone through over 150 years of 

technical advancement, Gaston’s basic cell has since 

improved drastically. The forming process was shortened 

by using lead oxide strips on the plate. A valve was inserted 

into the battery to prevent the electrolyte from drying up. 

Lead batteries require a constant current and voltage form 

of charging. To achieve this, a regulated current was 

applied which raised the voltage of the cell till the upper 

limit was reached. At this point the cell discharged. One 

drawback of the lead acid battery (LAB) was that its power 

capability depended on the discharge current. LABs as 

illustrated in Figure 1. had a property to self-discharge and 

the self-discharge rate increased with the increase in 

temperature and impurities in the system. With the 

increasing function levels for EVs, the demand imposed on 

the batteries increased. Deeper discharge rates were needed 

with an increase in powertrain functionality and LABs were 

not able to meet those demands [6]. 

 

 

 

 

 

 
 

Fig. 1: Schematics for a lead-acid cell 

 

Nickel-Metal Hydride Battery 

Nickel-metal hydride batteries were then introduced in 

1986. It was an energy storage system that was able to be 

recharged within a specific lifetime period. The structure of 

a relatively low-cost battery consisted of a positive 

electrode made of nickel-oxy hydroxide and a negative 

electrode made of hydrogen-absorbing alloys, which at 

higher density levels absorb the releasing hydrogen. The 

two electrodes are separated using a separator which 

prevents shorting between electrodes while still providing a 

passage for ion diffusion to permit current flow. The entire 

structure is usually immersed in an alkaline potassium 

hydroxide electrolyte [7]. Even though the battery life is 

limited to five years or less, they can be recharged 

hundreds of times, making them equivalent to multiple 

batteries over their lifetime. These batteries are also more 

environmentally friendly since they do not contain any 

toxic metals that would cause harm to the environment 

during their mining or disposal. Temperature becomes an 

important consideration in the discharge process. The 

discharge is accelerated, and the battery's life expectancy is 

extended under low-temperature conditions. A large 

amount of heat is also produced at extreme temperatures. 

When a nickel-metal hydride battery is charged before 

complete exhaustion, the “memory effect” occurs and the 

battery’s capacity is reduced [8]. 

 

Sodium-Nickel Chloride Battery 

Sodium-nickel chloride batteries, invented in 1985, form a 

relatively mature technology that works well in high 

temperatures ranging from 270-350 degrees Celsius [9]. It 

is also called the “Zebra” battery, which comes from the 
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Zeolite Battery Research Africa Project started in South 

Africa in 1985, in which this technology was developed. 

This battery contains a negative liquid sodium electrode 

and a positive electrode containing nickel and nickel 

chloride. These electrodes are separated by a solid sodium 

ion conducting electrolyte: beta alumina. However, a 

second liquid electrolyte, sodium chloroaluminate, is 

required to transport the sodium ions from the electrode to 

and from the electrolyte [10]. These cells have a high 

energy density along with a failsafe mechanism for 

overcharging or over-discharging. Failure from exposure to 

their high working temperature range does not constitute a 

major hazard. However, the beta alumina surface layer on 

the sodium side is observed to turn grey after more than a 

hundred cycles. This is caused due to the slow growth of 

micron-sized sodium globules between the grains of the 

electrolyte. This sodium globule formation increases the 

rate of self-discharge in the battery [11]. Being a high-

temperature battery, it also utilizes 90 watts of power while 

idle, to maintain its operating temperature. 

 

Lithium-Ion Battery 

The first iteration of the lithium-ion battery cell was 

proposed in 1976. Since then, it has undergone multiple 

improvements and was first made commercially viable in 

1985. Like most of the other batteries, it consists of four 

primary components. The first component is a negative 

cathode which is commonly made of a lithiated metal 

oxide. The three main types include layered oxides like 

lithium cobalt oxide, polyanion materials like lithium iron 

phosphate, and spinel oxides like lithium manganate. The 

lithium ions enter this electrode when the battery charges 

and they leave this electrode when the battery discharges. 

The second component is a positive anode made of 

graphite-carbon powder or lithiated graphite, involving 

sheets of graphite interpolated between lithium layers. The 

lithium ions leave this electrode when the battery charges 

and they enter this electrode when the battery discharges. 

The electrodes are immersed in a non-aqueous solution of 

lithium salts such as lithium hexafluorophosphate and other 

organic solvents. Solid electrolytes are also being 

researched but are not used as often due to the low 

diffusion of lithium ions in solids. The last major 

component of this battery is the separator made of micro-

porous membranes. It prevents a short circuit between the 

cathode and anode while simultaneously providing a 

passage for the lithium ions [12]. Lithium-ion batteries 

offer a higher energy density, longer cycle life, faster 

charging, and lower self-discharge rate compared to the 

other batteries. This makes them the predominant option in 

EVs today. The schematics for a Lithium-ion cell are 

illustrated in Figure 2. 

 

Discharging 

The lithium ions are de-intercalated at the lithium-graphite 

anode and the oxidation state for lithium changes from 0 to 

+1 following the given reaction: 

𝐶6 + 𝐿𝑖 → 6𝐶(𝑔𝑟𝑎𝑝ℎ𝑖𝑡𝑒) + 𝐿𝑖+ + 𝑒−          (1) 

These lithium ions then migrate through the non-aqueous 

electrolyte to the cathode, where they are incorporated into 

the cathode, which we will assume to be made of lithium 

cobalt oxide for now. The oxidation state for Cobalt 

decreases from a +4 to a +3 and energy is released for use 

following the given reaction: 

𝐿𝑖1−𝑥𝐶𝑜𝑂2(𝑠) + 𝑥𝐿𝑖+ + 𝑥𝑒− → 𝐿𝑖𝐶𝑜𝑂2(𝑠)          (2) 

 

𝑥 − 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑙𝑖𝑡ℎ𝑖𝑢𝑚 𝑖𝑜𝑛𝑠 𝑡ℎ𝑎𝑡 𝑎𝑟𝑒 𝑖𝑛𝑡𝑒𝑟𝑐𝑎𝑙𝑎𝑡𝑒𝑑 𝑖𝑛𝑡𝑜 𝑡ℎ𝑒 𝑐𝑎𝑡ℎ𝑜𝑑𝑒 

 

Charging 

During the charging of the cell, the reactions for the 

discharge can be carried out in the reverse order. In this 

case, the lithium ions migrate back to the anode after 

leaving the lithium cobalt oxide cathode. They are then 

reduced to neutral lithium, where their oxidation number 

decreases from +1 to 0. The lithium is thus reincorporated 

into the graphite network. 

𝐿𝑖𝐶𝑜𝑂2(𝑠) →  𝐿𝑖1−𝑥𝐶𝑜𝑂2(𝑠) + 𝑥𝐿𝑖+ + 𝑥𝑒−          (3) 

6𝐶(𝑔𝑟𝑎𝑝ℎ𝑖𝑡𝑒) + 𝐿𝑖+ + 𝑒− → 𝐶6 + 𝐿𝑖          (4) 

 

 
 

Fig. 2:  Schematics for a lithium-ion cell 
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Material Selection and Design Factors  

The design of an EV battery involves a meticulous balance 

between various factors that determine the overall 

performance and efficiency of the battery. Among these 

factors, energy density, power density, and cycle life 

become important design considerations when it comes to 

the optimization of features. 

 

Energy Density 

Energy density, in the simplest terms, refers to the amount 

of energy that can be stored by the battery per unit volume 

or weight. The greater the energy density an EV has, the 

more driving range the vehicle will have on a single charge. 

Comprehensive studies have shown that decreasing the 

negative to positive equal area capacity ratio, reducing 

positive electrode porosity, increasing the charge voltage 

and the positive electrode active material all improve the 

energy density of the battery. More importantly, combining 

these designs using a comprehensive approach could 

greatly increase the driving range of the EV [13]. 

 

Power Density 

The power density of an EV determines its ability to accept 

or deliver a rapid charge. This factor directly impacts the 

acceleration of the vehicle and thus its overall performance. 

In simpler terms, power density is a measure of how 

quickly a battery can accept energy or release the energy 

stored in it. The ability to quickly accept energy would 

decrease the charging time for the vehicle thus increasing 

its overall practicality. The ability to release energy quickly 

and practically would increase the acceleration of EVs, 

which becomes an important factor in the sales of sports 

cars. Power density is positively influenced by using high 

energy density materials for the anode and cathode, adding 

conductive additives that would increase electron and ionic 

flow in the electrolyte, and using sufficient cooling systems 

that can dissipate the increase in heat during rapid charging 

or acceleration. 

 

Cycle Life 

The cycle life of an EV is the number of charging and 

discharging cycles it can undergo before its functional 

capacity significantly degrades. This is especially important 

as it not only determines the reliability of EVs but also their 

overall cost-effectiveness and environmental impact. Since 

EVs are often heralded for their positive impact on the 

environment, a longer cycle life would require less frequent 

battery changes and increase their longevity. One of the 

main factors that affects the cycle life is the choice of 

materials for the electrodes which directly affects the rate 

of electrode degradation over time. This battery 

degradation could be evaluated by studying the capacity 

and power fade [14]. Solid-state batteries, which replace 

the liquid electrolyte with a solid electrolyte, promise a 

significantly greater cycle life by addressing issues related 

to electrolyte degradation. 

 

Cathode Materials 

The cathode is an essential component of the battery. In a 

lithium-ion battery, it serves as a host for the lithium ions 

during the discharge, thus directly affecting the energy 

release and the electron flow. Cathode materials largely 

influence the cycle life, thermal stability, and cycle life, 

which is why their selection becomes an important process 

to determine the overall functionality of the vehicle. 

Lithium cobalt oxide was one of the widely used cathode 

materials due to its high-capacity retention, rate capability, 

and energy density. However, safety concerns at higher 

voltages have led to alternative material choices. Lithium 

nickel oxide along with other nickel-rich cathodes offers a 

high reversible capacity and high operating voltages, 

making them a promising choice. However, they offer poor 

thermal stability. Lithium iron phosphate is another option 

that offers higher thermal stability with a lower energy 

density [15]. 

After the selection of a cathode material, optimization of 

their structure and coatings becomes important. A recent 

proposition to optimize nickel-rich batteries involves core-

shell structures, where a nickel-rich core is surrounded by a 

magnesium-rich core with different concentration gradients 

[15]. This aims to decrease particle damage during volume 

expansion.  

 

Anode Materials 

The anode of an EV battery serves as the site where lithium 

ions are stored during the charging phase. It is responsible 

for releasing energy during the discharge. The material 

selection for anodes, just like the material selection for 

cathodes, greatly affects the cycle life and energy density of 

an EV battery. 

Currently, two main types of anodes are being utilized: 

carbon-based and lithium alloy. Carbonaceous anodes like 

graphite offer favorable electrochemical properties at a low 

cost with high accessibility, making them prevalent in the 

market. However, they offer a low lithium intercalation 

capacity, greatly reducing the energy capacity. Researchers 

are exploring altered natural graphite, which exceeds 

theoretical values for lithium intercalation [16]. 

Lithium alloy anodes such as lithium aluminum were 

developed to better the cycle life in batteries. However, 

they face volume change issues during lithiation. To 

combat these problems, dimensionally stable anodes are 

being researched, which use submicron particle alloys 

surrounded by stabilizing matrices [16]. Lithium titanium 

oxides are also being considered as alternatives to carbon 

anodes due to their greater stability and minimal volume 

changes during lithiation. Due to lesser conductivity, they 

do not offer great energy density and are thus used for 

applications where an energy density tradeoff does not 

vastly affect the performance of the battery. 

 

Electrolyte  

Electrolytes play an important role in the EV battery by 

acting as a conductive medium facilitating the flow of ions 

to and from the cathode and anode during charging and 

discharging. Electrolytes act as a bridge between the 

cathode and anode and directly influence the performance 

of the battery and the safety of the entire vehicle. Thus, 

their composition becomes an important consideration. 

Traditional Lithium-ion batteries utilize liquid electrolytes 

consisting of dissolved lithium salts in organic solvents. 

This helps facilitate faster and higher conductivity. Their 

manufacturing process is also relatively easy, making them 

reproducible. However, they present a significant safety 

concern: certain organic solvents used in the electrolyte are 

highly flammable. In high energy-density scenarios, there 

is a risk of thermal runaway, which affects the battery 

cooling. 
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Solid-state electrolytes are comprised completely of a solid 

conductive material. They offer considerably higher safety 

along with increased thermal stability compared to their 

liquid counterparts. A solid electrolyte reduces the chances 

of electrolyte leakage and flammability and offers greater 

stability over a wider range of temperatures. However, in 

lithium batteries, they offer a lower energy density 

compared to traditional lithium-ion batteries. To combat 

this, ceramic or glass electrolytes have been experimented 

on, but the vacuum deposition process for their 

manufacture proves to be very costly and not scalable [17]. 

Schematics for a solid-state battery are illustrated in Figure 

3. 

Research on polymer electrolytes is currently ongoing. 

They are made of polymers such as polyethylene oxide and 

offer increased flexibility and ionic conductivity. The 

composition of an electrolyte is tailored to meet the specific 

battery requirements. High energy density and quicker 

charging are usually priorities for EV applications. 

 

 
 

Figure 3. Schematics for a solid-state battery with a lithium metal anode 

 

Separator 

Separators act as physical barriers in an electrolyte, 

preventing direct contact between the cathode and the 

anode while providing a passage for ionic flow during 

charging and discharging. Accidental contact between the 

electrodes can cause a short circuit and thermal runaway, 

making the material selection for separators an important 

safety consideration. 

Traditionally, separators are made of polyethylene or other 

porous materials, due to the balance they provide between 

mechanical strength and porosity. However, at higher 

temperatures or excess mechanical stress, there is the risk 

of thermal runaway and the growth of tiny needles called 

dendrites, risking a possible short circuit, and 

compromising the battery performance.  

Semicrystalline polyolefin-based microporous separators 

have been prevalent in the market due to their small 

thickness and superior mechanical properties. However, 

they produce the same problems at higher temperatures. 

Nano-porous materials have been the subject of current 

research due to their increased conductivity, porosity, and 

greater thermal stability [18]. 

 

Manufacturing 

With EVs being the pioneers in the clean energy revolution, 

their manufacturing process becomes extremely important: 

from the acquisition of raw materials to the final assembly 

of the battery pack. The acquisition of these materials is put 

under scrutiny due to the increase in EV demands and the 

desire for more ethical and environmental standards. 

 

Raw Materials 

For manufacturing lithium-ion batteries, lithium, nickel, 

cobalt, graphite, and manganese are the most important 

materials. Lithium is usually produced from spodumene (a 

hard rock deposit) and brine, with an extraction process 

involving brine pumping and mineral mining. A large 

amount of lithium brines is found in Bolivia, Argentina, 

and Chile, where the deposits contain sodium, potassium, 

and other metals which offset the cost of the pumping 

process. Its manufacturing process involves evaporation in 

shallow ponds, removal of boron and other by-products via 

chemical processes, and the extraction of lithium carbonate, 

which is a significant material used in the battery design. 

Nickel is found mainly in sulfide and laterite deposits. 

Sulfide deposits in countries like Russia and Australia 

contain first-grade nickel that can be processed with 

minimal energy. Laterite deposits in countries like the 

Philippines and Indonesia contain second-grade lithium that 

requires more energy-intensive processing. Cobalt is 

usually found as a by-product during nickel and copper 

mining, with the Democratic Republic of Congo and 

Switzerland producing over 70% of the world’s cobalt. 

Graphite serves as one of the primary anode materials and 

is produced mainly in China. Manganese reverses are more 

widespread compared to other resources which leads to a 

lower extraction cost [19]. 

 

Electrode Production 

In the production of the anode, graphite stands out as the 

primary material choice due to its high ion conductivity, 

high ability to intercalate lithium ions, and increased 
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chemical stability in high-stress conditions. Due to its 

crystalline structure and high electronic conductivity, 

graphite increases the efficiency of the battery by allowing 

the insertion and extraction of lithium ions during the 

charging and discharging processes in lithium-ion batteries. 

First, the graphite is broken down into smaller particles and 

dispersed in a solvent to form a homogenous slurry, whose 

viscosity is controlled and uniformly applied to metal foils. 

Nanoengineering techniques are used for the graphite 

particles to optimize intercalation kinetics for the lithium 

ions. Various coating techniques are used to ensure a 

specified thickness of the graphite. Precision coating 

directly affects the cycle life and thus becomes extremely 

important. The graphite layer on the metal foil is now 

solidified by drying processes. It is further compressed by a 

process called calendaring. This adds mechanical stability 

to the anode to ensure it can withstand the varied stress.  

While the material selection for the cathode depends on the 

individual applications, lithium metal oxides, and 

phosphates are often used due to their high lithium 

intercalation abilities. The selection process involves 

striking a balance between energy density and stability over 

extended cycles. Similar to the anode manufacturing 

process, the chosen material is broken down using 

nanoengineering techniques and used to create a solvent-

based slurry. Various processes such as doctor blade 

coating, where a flexible blade evenly spreads the slurry, or 

tape casting, where the slurry is cast onto a moving tape 

which thus produces uniform layers are used to increase the 

overall cycle life. Drying and sintering processes soon 

follow to add structural integrity to the cathode. Doping 

with external elements or introducing a protective layer is 

sometimes undertaken to increase the lifespan of the 

cathodes. 

 

Electrolyte Filling 

In an EV, the electrolyte is usually a liquid or a gel 

substance containing lithium salts: which act as a medium 

for ionic conduction. The electrolyte vastly affects the 

thermal stability and therefore safety of the battery, making 

its selection and manufacture extremely important. Firstly, 

a controlled atmosphere is set up to eliminate any 

electrolyte leaking or contamination from external agents 

during the filling of the electrolyte into the battery casing. 

The injection of electrolytes into the cells is a meticulous 

process that requires precision and accuracy. Automation is 

thus introduced to eliminate human error and to ensure 

perfect calibration to deliver the exact volume. Volume 

sensors and control systems are set in place to track to 

ensure the injection is within specified parameters without 

overfilling or underfilling. Venting and degassing processes 

are undertaken to release any accumulated gases and ease 

pressure build-up along with removing any unwanted gases 

from the cathode that would inhibit the final performance 

of the cathode. The battery is then made to undergo a 

stabilization period, where the electrolyte permeates 

through the electrodes. 

 

Testing, Quality Control, and Assembly 

The formation process for an EV battery involves a series 

of tests where the cells are subject to a plethora of 

predetermined charge and discharge cycles. These cycles 

are predetermined with precision to induce certain 

electrochemical reactions in the cell. Charging cycles test 

the introduction of lithium ions to the anode and the 

discharging cycles are to test the release of the lithium ions 

back to the cathode. Besides stabilizing electrode 

interfaces, this meticulous testing identifies and eliminates 

any side reactions and initiates any desired crystalline 

structure within the electrodes.  

Multiple conditioning protocols need to be taken into 

consideration for successful testing. Recent studies have 

shown that an extended testing period of two weeks yields 

better results. The most efficient cell performance was 

achieved with conditioning till full charge at 75% state of 

charge followed by a 25% discharge [20]. Usually, non-

destructive testing methods like infrared thermography are 

employed to analyze the inner structure of the cells without 

damaging them. The testing phase is streamlined using 

automated testing systems and robotics. 

As this testing takes place, real-time monitoring systems 

and advanced algorithms continuously collect data on 

various parameters including temperature change and 

voltage fluctuations. This influx of information allows for 

real-time adjustment to the parameters. Besides testing for 

functionality, quality control also involves statistical 

analysis. Taking into consideration the large, accumulated 

data sets, any cell that varies greatly from the data is 

classified as a statistical outlier. 

The final goal is to achieve a uniform electrochemical state 

for all the cells. The cells need to demonstrate high 

accuracy as well as high precision. This ensures equitable 

load distribution between the cells and consistent 

performance. Achieving a consistent performance is 

extremely important as it helps minimize the risk of 

performance and instill confidence in manufacturers. Cells 

that meet the stringent testing standards are promoted for 

integration to the battery pack. Cells that do not pass the 

testing are either removed from the assembly line or 

undergo additional testing and conditioning to identify and 

eliminate any faults.  

 

Future Aspects 

As we dive into deeper research about EV batteries today, 

the quest for a higher energy density remains constant. At 

the heart of this quest lies a deeper exploration into 

materials at a molecular and nanoscale level. Recent 

research shows that the use of metal-oxide frameworks 

such as reduced graphene oxide as a cathode material 

provides the battery with a higher surface area. These 

higher surface areas help with the retention and 

transmission of oxygen and the changeable pore sizes boost 

ion conductivity [21]. 

Solid-state batteries have also gained attention due to their 

utilization of a solid electrolyte instead of a liquid 

electrolyte. Anode-less all solid-state batteries (ALASSBs) 

have been shown to increase the energy density by 

minimizing electrode volume. The absence of a traditional 

liquid electrolyte also provides additional safety due to the 

absence of flammable components in case of a crash 

scenario. Despite the plethora of positive progress so far, 

ALASSBs face problems related to reversibility during 

lithium plating and ensuring high energy density in optimal 

operating conditions [22]. Thus, while solid-state batteries 

prove to be a promising advancement, a lot of further 

research is needed to streamline and optimize their 

performance. 

With an increase in the number of EVs, increased charging 
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speed becomes an extremely desirable feature for all end 

consumers. Silicon possesses a high theoretical lithium-ion 

storage capacity and thus acts as an interesting alternative 

to the traditional graphite anode. A more efficient 

absorption and release of lithium ions in a lithium-ion 

battery significantly reduces the charging time. With this 

increase in charging speed, heat is also generated at an 

exponential rate and thus the need for heat dissipation 

becomes extremely important. Liquid-based cooling 

systems have been shown to provide the best thermal 

performance. However, they possess a complicated design 

and increase the chances of leakage. Despite the recent 

attention on solid-liquid phase change material as a cooling 

system, it has experimentally been shown to possess a 

lower thermal conductivity, making it unsuitable for heat-

transfer applications [23]. 

The confluence of electric vehicles with renewable energy 

holds immense promise. With subsequent research and 

experimentation, EV batteries could also act as mobile 

energy storage that stores energy from renewable sources 

and utilizes that energy in the charging process when 

needed. This bidirectional flow would not only increase the 

battery life but also help the battery play a part in the larger 

energy ecosystem.  

 

Conclusion 

With the growing consciousness about green energy and 

the increasing detrimental effects of greenhouse gases, EVs 

have become the pioneers of the green revolution due to 

their increased environmental benefits and superior 

performance. Thus, it becomes important to analyze the 

recent trends with EV batteries to help streamline and 

better their design and manufacturing processes. This report 

has described at length the past trends in EV batteries, their 

working, their design processes and material selection, their 

manufacturing process, testing, and certain interesting 

future trends.  

From Gaston’s lead-acid battery to the invention of 

revolutionary lithium-ion batteries, the continuous pursuit 

of enhanced safety and higher efficiency has led to 

significant development in battery technologies.  

The intricate charging and discharging processes epitomize 

the electrochemical reactions at the center of the 

functionality of the battery. This cell chemistry combined 

with past and present research into cathode and anode 

materials, electrolytes, and separators demonstrates the 

increasing considerations for the optimization of different 

factors like energy density, power density, and cycle life. 

These factors play a huge role in achieving peak EV 

performance.  

Material selection plays an important role in shaping anode 

and cathode characteristics. Cathode options range from 

lithium cobalt oxide to lithium nickel oxide and lithium 

iron phosphate. All these choices have their own merits and 

are selected by the manufacturers to maximize efficiency 

based on specific applications. Alterations including core-

shell structures help establish a balance between high 

energy density and thermal stability. Anode material 

predominantly includes graphite, which faces the 

challenges of low lithium-ion intercalation. Research into 

altered graphite anodes and lithium alloy anodes offers 

promising improvements. Anode-less all solid-state 

batteries eliminate the need for an anode and utilize a solid 

electrolyte. Electrolytes serve as an important connective 

medium between the electrodes. While liquid electrolytes 

offer higher conductivity, solid-state electrolytes offer a 

higher thermal stability and thus a higher level of safety. 

The overall safety is also enhanced using separators, which 

prevent short circuits between electrodes. Since traditional 

polyethylene electrodes provide challenges at higher 

temperatures, research is currently ongoing on nano-porous 

materials to address thermal stability and porosity issues.  

The acquisition of raw materials for the manufacture raises 

questions about ethical mining practices. However, with an 

increasing spotlight on EVs in the electrification of the 

automotive industry, there is an increasing emphasis on 

eco-friendly practices. Rigorous testing involving non-

destructive techniques like infrared thermography ensures 

uniformity among cells and promotes reliability. 

Automated testing helps streamline the manufacturing 

process by identifying any anomalies with precision and 

accuracy.  

As research progresses, exciting new avenues are being 

explored. The confluence of electrical vehicles with 

renewable energy opens new opportunities regarding the 

usage of EV batteries as mobile storage units. Active 

inquiries into metal-oxide frameworks, solid-state batteries, 

silicon-based anodes, and advanced cooling systems give 

way to a future where electric vehicles have higher energy 

densities, faster charging speeds, and greater environmental 

sustainability.  
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