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Abstract 
This research presents the current trends and future directions in electric vehicle 

battery thermal management systems (BTMS). The study highlights that BTMS 

are crucial for ensuring the safe and efficient operation of electric vehicles, and the 

temperature management of their batteries is a significant challenge. The study 

discusses various types of BTMS, including liquid cooling systems, air cooling 

systems, phase change materials, and active-plus-passive cooling systems. The 

research shows that liquid cooling systems are widely used in electric vehicles due 

to their efficiency in heat dissipation and stable temperature range. On the other 

hand, air cooling systems are more cost-effective, but less efficient in dissipating 

heat. Phase change materials are identified as materials that absorb and release 

heat, which can be integrated into the battery pack to provide passive cooling or 

heating, reducing the load on the active cooling system. Furthermore, the study 

highlights that active-plus-passive cooling systems are a combination of active and 

passive cooling systems, which can provide advantages of both.The research also 

examines the future directions in BTMS, including solid-state batteries, thermal 

interface materials, AI-assisted BTMS, and wireless charging. Solid-state batteries 

use solid electrolytes instead of liquid electrolytes, which make them safer and 

more stable at higher temperatures. Thermal interface materials can improve the 

efficiency of cooling systems by reducing thermal resistance between the battery 

cells and the cooling system. AI-assisted BTMS can optimize the performance of 

BTMS by predicting battery temperature and load conditions, reducing energy 

consumption and extending battery life. Wireless charging can eliminate the need 

for physical contact between the EV and the charging station, reducing the risk of 

overheating due to friction. The future directions in BTMS are focused on 

improving battery performance, reducing costs, and increasing efficiency. With 

continued research and development, the technology behind BTMS will continue 

to evolve, making electric vehicles more accessible and sustainable for everyone. 
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I. Introduction 
Electric vehicles (EVs) are becoming increasingly popular due to their low carbon 

emissions, high energy efficiency, and reduced dependence on fossil fuels. EVs 

use a battery pack to store and supply energy to an electric motor that powers the 

vehicle. Battery thermal management systems (BTMS) are critical for ensuring 

that batteries operate within safe temperature limits, thereby improving their 

performance, durability, and lifespan [1]. 

BTMS are an essential component of EVs because batteries generate heat during 

charging and discharging cycles. As a result, they can experience thermal runaway, 

which can lead to overheating, reduced battery life, and even safety risks. To 

prevent thermal runaway, BTMS are designed to maintain the battery pack within 

a specific temperature range by dissipating heat from the battery pack. The 

temperature range is usually between 15°C and 35°C, and the BTMS should be 

able to manage the temperature of the battery pack under various operating 

conditions, such as high and low ambient temperatures, fast charging, and 

discharging [2]. 

This paper will provide an overview of current trends and future directions in 

BTMS for electric vehicles. The paper will first discuss the types of BTMS 

currently used in EVs, including liquid cooling systems, air cooling systems, phase 

change materials, and active-plus-passive cooling systems. The paper will then 

discuss the future directions in BTMS, including solid-state batteries, thermal 

interface materials, AI-assisted BTMS, and wireless charging. The paper will 

conclude with a summary of the current state of BTMS for electric vehicles and 

their future prospects. 

Liquid cooling systems are widely used in EVs as they provide efficient heat 

dissipation and can maintain a stable temperature range. They typically use a 

refrigerant fluid that circulates through the battery pack, removing heat and 

transferring it to a heat exchanger where it can be dissipated. The refrigerant fluid 

is usually water-based, but other coolants such as glycol or refrigerants can also be 

used.Liquid cooling systems have several advantages over other cooling systems. 

Firstly, they provide efficient heat dissipation and can maintain a stable 

temperature range, which is critical for battery performance and lifespan. 

Secondly, they can be integrated into the battery pack, which saves space and 

reduces weight. Thirdly, they can be designed to provide targeted cooling to 

specific parts of the battery pack, improving performance and lifespan [3]. 

Air cooling systems use fans or blowers to circulate air through the battery pack, 

removing heat from the battery cells. They are simpler and more cost-effective 

than liquid cooling systems but are less efficient at dissipating heat. Air cooling 

systems can also be less effective at maintaining a stable temperature range, 

especially under high ambient temperatures or fast charging conditions.Air cooling 

systems have several advantages over liquid cooling systems. Firstly, they are 

simpler and less expensive to install and maintain. Secondly, they do not require 
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additional components such as pumps or hoses, which reduces weight and 

complexity. Finally, they are less vulnerable to leaks, which reduces the risk of 

damage to the battery pack or other components. 

The increasing adoption of electric vehicles has led to a growing need for efficient 

and effective battery thermal management systems (BTMS). BTMS are 

responsible for maintaining safe and optimal temperatures of the battery cells, 

which is crucial for battery performance, lifespan, and safety. The primary goal of 

BTMS is to ensure that the battery operates within a specific temperature range 

and prevent overheating or freezing, which can damage the battery and pose a 

safety risk. 

In recent years, there has been a significant shift towards the use of liquid cooling 

systems in EVs due to their ability to provide efficient heat dissipation and 

maintain a stable temperature range. Liquid cooling systems typically use a 

refrigerant fluid that circulates through the battery pack, removing heat from the 

battery cells and transferring it to a heat exchanger where it can be dissipated. 

Although liquid cooling systems are more complex and expensive than air cooling 

systems, they offer a higher level of thermal control and are well-suited for high-

performance EVs.On the other hand, air cooling systems use fans or blowers to 

circulate air through the battery pack, removing heat from the battery cells. Air 

cooling systems are simpler and more cost-effective than liquid cooling systems 

but are less efficient at dissipating heat. As a result, they are often used in low-

power EVs where the heat generated is less. 

Another emerging technology in BTMS is the use of phase change materials 

(PCMs). PCMs are materials that can absorb and release heat during phase 

transitions, such as from solid to liquid or liquid to gas. They can be integrated into 

the battery pack to provide passive cooling or heating, which reduces the load on 

the active cooling system. The use of PCMs can also improve the thermal stability 

of the battery and reduce the risk of thermal runaway, which is a major safety 

concern in EVs. 

Active-plus-passive cooling systems are another development in BTMS that 

combine the advantages of both active (liquid or air cooling) and passive (PCM) 

systems. These systems use a combination of active cooling to manage high heat 

loads and passive cooling to maintain stable temperature ranges during normal 

operating conditions. The combination of active and passive cooling systems can 

provide a more efficient and reliable cooling solution for EVs.In addition to the 

current trends in BTMS, there are also several future directions that researchers 

and manufacturers are exploring. One of the most promising areas of research is 

the development of solid-state batteries. Solid-state batteries use solid electrolytes 

instead of liquid electrolytes, which makes them safer and more stable at higher 

temperatures. This could eliminate the need for complex and costly cooling 

systems in EVs and improve the overall efficiency and safety of EVs. 
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Another area of research is the use of thermal interface materials (TIMs) to 

improve the efficiency of cooling systems. TIMs are materials that improve the 

transfer of heat between two surfaces and can be used to reduce thermal resistance 

between the battery cells and the cooling system. This could lead to improved 

thermal management and greater efficiency in BTMS [4]. 

As the penetration of EVs increases over time, the need for monitoring and 

communicating between different components of the EV and the associated 

network infrastructure also plays a vital role in improving the reliability of electric 

vehicles [5].  

Vehicular communication technologies have been developed to enhance 

communication between vehicles, infrastructure, and other entities in the 

transportation system [6], [7]. Three major communication technologies used in 

vehicular wireless networks are Dedicated Short Range Communication (DSRC), 

Cellular Vehicle-to-Everything (C-V2X), and IEEE 802.11p. DSRC is a wireless 

communication standard that uses the 5.9 GHz band for short-range 

communication between vehicles and infrastructure. C-V2X, on the other hand, 

uses the cellular network infrastructure for communication, enabling long-range 

communication and communication with other road users, such as pedestrians and 

cyclists. IEEE 802.11p is a Wi-Fi-based communication standard that uses the 5.9 

GHz band for short-range communication between vehicles [8]–[10].  

As the number of connected vehicles on the roads increases, the demand for 

reliable network infrastructure becomes crucial. Enhancing network reliability can 

significantly improve the performance of the connected vehicle network, enabling 

faster communication between vehicles and with the infrastructure, which can lead 

to improved safety, reduced congestion, and better mobility. Lastly, the network 

infrastructure's trustworthiness can be quantitatively calculated to enhance 

network reliability [11]. One approach to calculating network trustworthiness is 

through the use of metrics such as Mean Time Between Failures (MTBF) and 

Mean Time To Repair (MTTR). MTBF is a measure of the average time between 

network failures, while MTTR is a measure of the average time it takes to repair a 

network failure. By measuring these metrics, network administrators can assess 

the reliability of the network infrastructure and identify areas for improvement. 

Additionally, network administrators can use these metrics to set targets for 

network reliability and track progress towards meeting those targets over time. 

Artificial intelligence (AI) is also playing an increasing role in the development of 

BTMS. AI can be used to optimize BTMS performance by predicting battery 

temperature and load conditions, which can help to reduce energy consumption 

and extend battery life. The use of AI in BTMS can also improve the accuracy and 

reliability of temperature control systems and reduce the risk of thermal runaway 

in EVs.Wireless charging could have a significant impact on BTMS. Wireless 

charging can eliminate the need for physical contact between the EV and the 

charging station, which can reduce the risk of overheating due to friction. This 



51 

 

could reduce the demand for complex cooling systems in EVs and make EVs more 

convenient and accessible for consumers [12]–[14]. 

BTMS are a critical component of EVs, as they ensure that the batteries operate 

within safe temperature limits, improving their performance, durability, and 

lifespan. The current trends in BTMS are focused on improving battery 

performance, reducing costs, and increasing efficiency, while future directions are 

aimed at developing new technologies that could transform the industry. 

Continued research and development in BTMS will be essential for making EVs 

more accessible and sustainable for everyone. 

 

II. Current Trends in BTMS 

Liquid Cooling Systems :  

Liquid cooling systems have become a popular choice for cooling electric vehicle 

(EV) components due to their efficient heat dissipation capabilities and their ability 

to maintain a stable temperature range. Unlike traditional air cooling systems, 

liquid cooling systems utilize a refrigerant fluid that is circulated through the 

battery pack, removing heat from the components and transferring it to a heat 

exchanger. The heat exchanger then dissipates the heat, preventing the battery from 

overheating and ensuring optimal performance. The refrigerant fluid used in liquid 

cooling systems typically has a higher heat capacity than air, allowing for a greater 

amount of heat to be removed from the battery pack. Additionally, liquid cooling 

systems are able to distribute cooling more evenly across the battery pack, helping 

to prevent hot spots and ensuring that all components are operating within their 

optimal temperature range [15]–[18]. As EV technology continues to evolve and 

demand for longer range and higher performance vehicles increases, liquid cooling 

systems will likely continue to be an important component of EV thermal 

management systems, helping to ensure that EVs are operating at peak 

performance while also maintaining optimal safety levels. 

One of the main advantages of liquid cooling systems is that they are able to handle 

higher heat loads than air cooling systems, making them ideal for use in high-

performance EVs. This is particularly important in applications where the battery 

pack is subjected to high levels of stress and demands, such as racing or heavy-

duty commercial applications. Additionally, liquid cooling systems are able to 

operate at a more consistent temperature range than air cooling systems, which can 

help to prolong the lifespan of the battery and other EV components. Furthermore, 

liquid cooling systems are able to provide a more efficient means of heat 

dissipation, which can result in lower energy consumption and improved overall 

performance [19]–[21]. 
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Figure 1. Liquid cooling systems 

 

 

Despite these advantages, there are some challenges associated with liquid cooling 

systems, including increased complexity and cost, as well as the need for a separate 

coolant system. However, as EV technology continues to evolve and demand for 

higher performance and efficiency increases, liquid cooling systems are likely to 

become an increasingly important component of EV thermal management systems. 

Ultimately, the adoption of liquid cooling systems will depend on a variety of 

factors, including the specific needs of the EV application, cost considerations, and 

the availability of alternative cooling solutions [22]–[24]. 

Air Cooling Systems : 

Air cooling systems are a popular method of thermal management used in electric 

vehicle (EV) battery packs. They use fans or blowers to circulate air through the 

battery pack, removing heat from the battery cells. This helps to maintain the 

battery's temperature within safe limits, improving its performance and lifespan. 

Air cooling systems are simpler and more cost-effective than liquid cooling 

systems, which require complex pumps and tubing. Air cooling systems also 

require less maintenance and have a lower risk of leaks. Additionally, they do not 
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require a separate cooling fluid or refrigerant, which reduces the weight of the EV 

and improves its efficiency [25]–[28]. 

 

 

 

Figure 2. An ejector-expansion refrigeration cycle 

 

 

Air cooling systems have some limitations. They are less efficient at dissipating 

heat than liquid cooling systems, which means they may not be suitable for high-

performance EVs or applications that require frequent and rapid charging. 

Additionally, air cooling systems may be affected by external factors such as 

ambient temperature, humidity, and altitude, which can affect their efficiency and 

effectiveness [29]–[33]. 

Despite these limitations, air cooling systems are still widely used in EVs due to 

their simplicity and cost-effectiveness. In fact, some EV manufacturers have 

developed innovative air cooling systems that incorporate advanced materials and 

designs to improve their efficiency and effectiveness. One example is Tesla's air 

cooling system, which uses a heat exchanger and a cooling plate to dissipate heat 

from the battery pack. The cooling plate is made of a lightweight and high-strength 

aluminum alloy, which improves its heat transfer properties. The heat exchanger 
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is also designed to maximize airflow and minimize resistance, which improves the 

efficiency of the cooling system. Another example is BMW's air cooling system, 

which uses a patented design that incorporates both active and passive cooling 

[34]–[37]. The system uses a series of air ducts and channels to direct air over the 

battery cells, while also incorporating phase change materials (PCMs) that absorb 

and release heat to maintain a stable temperature range. 

Air cooling systems are a current trend in EV battery thermal management, as they 

provide a cost-effective and efficient way to maintain the battery's temperature 

within safe limits. While they may have some limitations, advancements in 

materials and design are constantly improving their efficiency and effectiveness. 

Phase Change Materials : 

One of the current trends in electric vehicle battery thermal management systems 

(BTMS) is the use of phase change materials (PCMs). PCMs are materials that can 

absorb and release heat during phase transitions, such as from solid to liquid or 

liquid to gas, without undergoing a change in temperature. This property makes 

them ideal for use in BTMS as they can provide passive cooling or heating, 

reducing the load on the active cooling system. 

PCMs can be integrated into the battery pack of an electric vehicle to help manage 

temperature fluctuations. They can absorb excess heat generated during high-

performance activities such as acceleration or climbing a steep hill, and then 

release it when the vehicle is operating under normal conditions. This can help to 

maintain a stable temperature range within the battery pack and improve battery 

performance and lifespan. 

There are different types of PCMs available for use in BTMS, including organic, 

inorganic, and eutectic materials. Organic PCMs are made from hydrocarbons, 

such as paraffin wax or fatty acids, while inorganic PCMs are made from materials 

such as salt hydrates or metals. Eutectic PCMs are a combination of two or more 

materials that have a lower melting point than either material alone [38]–[42]. 

PCMs have several advantages over traditional cooling methods, such as liquid or 

air cooling. They do not require any energy input to provide cooling, and they can 

maintain a stable temperature range without the need for active cooling. This can 

reduce the overall energy consumption of the BTMS and improve the efficiency 

of the electric vehicle. 

There are some challenges associated with using PCMs in BTMS. One of the main 

challenges is the integration of the PCM into the battery pack without affecting the 

overall weight and size of the battery pack. PCMs also have limited thermal 

conductivity, which can limit their effectiveness in dissipating heat from the 

battery pack.Despite these challenges, the use of PCMs in BTMS is a promising 

area of research and development in the electric vehicle industry. The development 

of new and innovative PCM materials, combined with advancements in PCM 
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integration techniques, could help to overcome these challenges and further 

improve the performance and efficiency of BTMS in electric vehicles [43]–[46]. 

Phase change materials are a current trend in electric vehicle battery thermal 

management systems. They have the potential to provide passive cooling or 

heating, reduce the load on the active cooling system, and improve battery 

performance and lifespan. However, there are also some challenges associated 

with the use of PCMs in BTMS, such as the integration of the PCM into the battery 

pack and limited thermal conductivity [47]–[50].  

Active-Plus-Passive Cooling : 

Active-plus-passive cooling is a hybrid thermal management system that combines 

the advantages of both active and passive cooling systems. Active cooling systems, 

such as liquid or air cooling, use external energy to remove heat from the battery 

cells, while passive cooling systems, such as phase change materials (PCMs), use 

the heat-absorbing properties of materials to dissipate heat [51]–[54]. 

Active-plus-passive cooling systems use a combination of active and passive 

cooling to manage the thermal load of the battery pack. During high heat loads, 

such as during fast charging or heavy use, the active cooling system is used to 

quickly remove the excess heat from the battery cells. However, during normal 

operating conditions, the passive cooling system is used to maintain a stable 

temperature range. Active-plus-passive cooling systems can reduce the energy 

consumption of the active cooling system. Since the passive cooling system can 

maintain a stable temperature range during normal operating conditions, the active 

cooling system does not need to work as hard, reducing the overall energy 

consumption of the thermal management system [55]–[58]. Another advantage of 

active-plus-passive cooling is that it can improve the reliability and durability of 

the battery pack. By maintaining a stable temperature range, the battery cells are 

not subjected to extreme temperatures, which can reduce their lifespan. This can 

lead to longer-lasting batteries and reduce the need for expensive battery 

replacements. Active-plus-passive cooling systems can be tailored to specific 

battery chemistries and configurations. For example, the amount and type of phase 

change material used in the passive cooling system can be customized to match the 

specific thermal characteristics of the battery cells [59]–[64]. This can improve the 

overall efficiency of the thermal management system and reduce the cost of 

manufacturing. 

Active-plus-passive cooling is a hybrid thermal management system that combines 

the advantages of active and passive cooling systems. By using a combination of 

active and passive cooling, this system can improve the energy efficiency, 

reliability, and durability of EV batteries, while also reducing the cost of 

manufacturing [65]–[68]. Active-plus-passive cooling is one of the current trends 

in BTMS and has the potential to become a critical technology in the future of EV 

battery thermal management. 
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Figure 3. Active-plus-passive cooling principles  

 

 

III. Future Directions in BTMS  

Solid-State Batteries: 

Solid-state batteries are a promising technology in the field of electric vehicle (EV) 

battery thermal management. Unlike traditional lithium-ion batteries, which use a 

liquid electrolyte to facilitate the movement of ions between the anode and 

cathode, solid-state batteries use a solid electrolyte. This solid electrolyte offers 

several advantages over the liquid electrolyte used in conventional batteries. 

The liquid electrolyte used in conventional batteries can be flammable and can lead 

to thermal runaway if the battery is damaged or overheated. Solid-state batteries, 

on the other hand, are much safer because the solid electrolyte is non-flammable 

and much more stable at high temperatures. This makes them less prone to the 

types of fires and explosions that have been associated with conventional lithium-

ion batteries [69]. 

Another advantage of solid-state batteries is their higher energy density. Energy 

density refers to the amount of energy that can be stored in a battery per unit 

volume or weight. Solid-state batteries have a higher energy density than 

traditional batteries because they can pack more active material into the same 

space. This means that an EV with a solid-state battery could potentially have a 

longer driving range than one with a conventional lithium-ion battery. Solid-state 

batteries also have other benefits that make them an attractive technology for EVs 
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[70]. For example, they have faster charging times and longer lifetimes than 

conventional batteries. They are also more resistant to degradation over time, 

which means that they can retain their capacity for longer. 

There are still several challenges that must be overcome before solid-state batteries 

can become a practical technology for EVs. One major challenge is the high cost 

of production. Solid-state batteries are still in the early stages of development, and 

the manufacturing processes used to produce them are complex and 

expensive.Solid-state batteries are currently produced in small quantities, and 

scaling up production to meet the demands of the automotive industry will require 

significant investment in research and development. 

Despite these challenges, there is growing interest in solid-state batteries as a 

potential solution to the thermal management issues faced by EVs. As research in 

this area continues, it is likely that solid-state batteries will play an increasingly 

important role in the future of EV battery technology [71]. 

Thermal Interface Materials : 

Thermal Interface Materials (TIMs) are materials that are used to improve the 

transfer of heat between two surfaces. In the context of Electric Vehicle (EV) 

Battery Thermal Management Systems (BTMS), TIMs are used to improve the 

efficiency of the cooling system by reducing thermal resistance between the battery 

cells and the cooling system. 

In an EV, the battery cells generate heat during operation, and this heat must be 

dissipated to prevent damage to the battery cells and ensure their optimal 

performance. The cooling system in an EV typically consists of a heat exchanger 

that circulates a coolant (either liquid or air) through the battery pack to remove 

the heat generated by the battery cells. However, the thermal resistance between 

the battery cells and the cooling system can reduce the efficiency of the cooling 

system, leading to decreased battery performance and lifespan [73]. 

TIMs can be used to reduce thermal resistance between the battery cells and the 

cooling system by improving the contact between the two surfaces. TIMs are 

typically made of a highly conductive material, such as copper or graphite, that can 

transfer heat more efficiently than air or the materials used in the battery cells. 

When a TIM is placed between the battery cells and the cooling system, it can fill 

any gaps or irregularities in the surfaces and improve the contact between them, 

reducing thermal resistance and improving heat transfer. 

There are several types of TIMs available, including thermal greases, thermal pads, 

and phase-change materials (PCMs). Thermal greases are a common type of TIM 

that consists of a highly conductive material suspended in a silicone or oil-based 

compound. They are easy to apply and have a low thermal resistance, making them 

an effective choice for improving thermal conductivity between two surfaces. 

Thermal pads are another type of TIM that consists of a thin, flexible pad made of 

a highly conductive material, such as graphite or ceramic. They are easy to install 
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and can conform to irregular surfaces, improving the contact between the battery 

cells and the cooling system.PCMs are another type of TIM that can provide 

passive cooling or heating by absorbing and releasing heat during phase 

transitions, such as from solid to liquid or liquid to gas. They can be integrated into 

the battery pack to provide additional cooling or heating capacity, reducing the 

load on the active cooling system [74]. 

The use of TIMs in EV BTMS has several benefits. First, they can improve the 

efficiency of the cooling system, reducing the risk of overheating and improving 

battery performance and lifespan. Second, they can help to reduce the complexity 

and cost of the cooling system by reducing the need for more extensive or advanced 

cooling technologies. Finally, they can enable the use of higher-performance 

battery cells that generate more heat, as TIMs can help to manage the heat 

generated by these cells more effectively [75]. 

Thermal Interface Materials are a critical component of EV BTMS, as they can 

improve the efficiency and effectiveness of the cooling system by reducing thermal 

resistance between the battery cells and the cooling system. They are available in 

several types, including thermal greases, thermal pads, and phase-change 

materials, and can provide significant benefits, including improved battery 

performance and lifespan, reduced complexity and cost of the cooling system, and 

the ability to use higher-performance battery cells. 

 

AI-Assisted BTMS : 

AI-Assisted BTMS is a subtopic of Electric Vehicle Battery Thermal Management 

Systems (BTMS), which focuses on the use of artificial intelligence (AI) to 

optimize the operation of BTMS in electric vehicles (EVs). 

BTMS are critical for ensuring that EV batteries operate within safe temperature 

limits, thereby improving their performance, durability, and lifespan. These 

systems typically use active cooling (such as liquid or air cooling) to manage high 

heat loads and passive cooling (such as phase change materials) to maintain stable 

temperature ranges during normal operating conditions.The effectiveness of 

BTMS can be improved by using AI algorithms to predict battery temperature and 

load conditions and optimize the operation of the cooling system accordingly [76]. 

AI-assisted BTMS has the potential to reduce energy consumption, extend battery 

life, and improve overall performance. 

There are several ways in which AI can be used to optimize BTMS performance. 

For example, AI algorithms can analyze battery temperature and load data in real-

time to determine the optimal cooling strategy. This could involve adjusting the 

cooling rate, the temperature setpoints, or the use of passive cooling methods such 

as phase change materials.AI algorithms can  be used to predict future temperature 

and load conditions and adjust the cooling system accordingly. For example, if the 

algorithm predicts a high heat load in the near future, it may increase the cooling 
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rate to prevent overheating. Similarly, if the algorithm predicts a low heat load, it 

may reduce the cooling rate to conserve energy. 

Another way in which AI-assisted BTMS can improve efficiency is through the 

use of machine learning algorithms. These algorithms can learn from past 

temperature and load data to predict future conditions more accurately. By 

continually updating their predictions based on new data, these algorithms can 

optimize the cooling system performance over time.AI-assisted BTMS can also 

help to identify potential problems before they occur. For example, the algorithm 

may detect a temperature or load pattern that is indicative of a faulty battery cell. 

The system can then alert the driver or maintenance personnel to take action before 

the problem worsens. 

AI-assisted BTMS is an exciting area of research that has the potential to transform 

the efficiency and effectiveness of thermal management systems in EVs. By using 

AI algorithms to optimize cooling strategies, predict future temperature and load 

conditions, and identify potential problems, BTMS can be made more energy-

efficient, extend battery life, and improve overall performance [77]. 

Wireless Charging : 

Wireless charging is a technology that has the potential to impact the thermal 

management of EV batteries. Traditional EV charging involves physically 

plugging the vehicle into a charging station, which can create friction and generate 

heat. This can place additional strain on the battery and the thermal management 

system, potentially reducing the lifespan of the battery and increasing the risk of 

overheating. 

Wireless charging eliminates the need for physical contact between the EV and the 

charging station. Instead, the EV is parked over a wireless charging pad, which 

uses electromagnetic induction to transfer energy from the charging pad to the 

vehicle's battery. This eliminates the friction that can occur during traditional 

charging and reduces the risk of overheating [78]. 

Wireless charging has several advantages over traditional charging methods. 

Firstly, it is more convenient, as drivers do not need to physically plug in their 

vehicle. This can be especially beneficial for EV owners who do not have access 

to a dedicated charging station at home, as they can simply park their vehicle over 

a wireless charging pad in a public parking lot or garage.Wireless charging can 

reduce the wear and tear on the EV's battery and thermal management system. 

Traditional charging methods can generate heat and create additional strain on the 

battery, which can reduce its lifespan over time. Wireless charging eliminates this 

risk, as there is no physical contact between the charging station and the vehicle. 

Wireless charging has the potential to reduce the demand for complex and costly 

cooling systems in EVs. Cooling systems are essential for managing the 

temperature of the battery during charging, as the charging process can generate 

heat that needs to be dissipated. By eliminating the friction that occurs during 
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traditional charging, wireless charging can reduce the amount of heat generated, 

potentially reducing the need for complex cooling systems in EVs [79]. 

There are also some limitations and challenges associated with wireless charging 

technology. Firstly, wireless charging is typically slower than traditional charging 

methods. This is because the energy transfer between the charging pad and the 

vehicle's battery is less efficient than direct charging. This can be a significant 

drawback for EV owners who need to recharge their vehicle quickly. Wireless 

charging requires specialized infrastructure and equipment, which can be 

expensive to install and maintain. This can limit the availability of wireless 

charging stations, making it less accessible for some EV owners. 

Wireless charging technology is still in the early stages of development, and there 

are many technical challenges that need to be overcome before it can be widely 

adopted. For example, current wireless charging systems are only compatible with 

specific EV models, which limits their usefulness for the wider EV market. Despite 

these challenges, wireless charging has the potential to transform the way we 

charge our EVs and impact the thermal management of EV batteries. Continued 

research and development in this area will be essential for making wireless 

charging technology more efficient, accessible, and widely adopted by EV owners. 

 

 

IV. Conclusion  
Electric vehicles (EVs) have become increasingly popular due to their reduced 

carbon emissions, high energy efficiency, and potential to reduce dependence on 

fossil fuels. However, the efficient operation of EVs relies heavily on the proper 

functioning of their batteries, and battery thermal management systems (BTMS) 

are essential in ensuring this. 

Current trends in BTMS include liquid cooling systems, air cooling systems, phase 

change materials, and active-plus-passive cooling systems. Liquid cooling systems 

are widely used in EVs because of their efficient heat dissipation and ability to 

maintain stable temperature ranges. They use a refrigerant fluid that circulates 

through the battery pack, removing heat and transferring it to a heat exchanger 

where it can be dissipated. On the other hand, air cooling systems use fans or 

blowers to circulate air through the battery pack, removing heat from the battery 

cells. These systems are simpler and more cost-effective than liquid cooling 

systems but are less efficient at dissipating heat. 

Phase change materials (PCMs) are another trend in BTMS. PCMs are materials 

that absorb and release heat during phase transitions, such as from solid to liquid 

or liquid to gas. They can be integrated into the battery pack to provide passive 

cooling or heating, which reduces the load on the active cooling system. Active-

plus-passive cooling systems combine the advantages of both active (liquid or air 

cooling) and passive (PCM) systems. These systems use a combination of active 
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cooling to manage high heat loads and passive cooling to maintain stable 

temperature ranges during normal operating conditions. 

BTMS technology is set to evolve with the development of solid-state batteries, 

thermal interface materials, AI-assisted BTMS, and wireless charging. Solid-state 

batteries are a promising technology that could revolutionize EVs in the future. 

They use solid electrolytes instead of liquid electrolytes, making them safer and 

more stable at higher temperatures. This could eliminate the need for complex and 

costly cooling systems in EVs. Thermal interface materials (TIMs) can improve 

the efficiency of cooling systems by reducing thermal resistance between the 

battery cells and the cooling system. AI can also be used to optimize BTMS 

performance by predicting battery temperature and load conditions, which can help 

to reduce energy consumption and extend battery life. Lastly, wireless charging 

has the potential to eliminate the need for physical contact between the EV and the 

charging station, reducing the risk of overheating due to friction. 

BTMS technology plays a crucial role in the efficient operation of EVs. The 

current trends and future directions in BTMS are focused on improving battery 

performance, reducing costs, and increasing efficiency. With continued research 

and development, the technology behind BTMS will continue to evolve, making 

EVs more accessible and sustainable for everyone. The advancement of BTMS 

technology will pave the way for more reliable and efficient EVs, which can 

significantly contribute to reducing carbon emissions and promoting sustainable 

transportation. 

[15]–[79] 
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