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Abstrac : In recent years, electric vehicles (EVs) have experienced rapid growth, with increasing demand for 

more efficient and safer battery technologies. Lithium-ion (Li-ion) batteries have become the primary choice due 

to their high energy density and long cycle life. However, one major challenge faced is effective thermal 

management. Poorly managed temperatures can lead to battery performance degradation, shorten battery life, 

and even pose a fire risk (Wang et al., 2020). Therefore, this study focuses on optimizing the thermal management 

system for Li-ion battery packs using phase change materials (PCMs) and advanced heat exchangers 
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A. INTRODUCTION 

In recent years, electric vehicles (EVs) have experienced rapid growth, with increasing 

demand for more efficient and safer battery technologies. Lithium-ion (Li-ion) batteries have 

become the primary choice due to their high energy density and long cycle life. However, one 

major challenge faced is effective thermal management. Poorly managed temperatures can lead 

to battery performance degradation, shorten battery life, and even pose a fire risk (Wang et al., 

2020). Therefore, this study focuses on optimizing the thermal management system for Li-ion 

battery packs using phase change materials (PCMs) and advanced heat exchangers. 

A good thermal management system not only improves battery performance but also 

vehicle safety. According to a report by the International Energy Agency (IEA), about 20% of 

all EV battery-related problems are caused by poor thermal management (IEA, 2021). By using 

PCM, which has the capacity to absorb and release heat during phase changes, we can keep the 

battery temperature within the optimal range. Previous studies have shown that the use of PCM 

can reduce temperature fluctuations by up to 30% under high load conditions (Zhang et al., 

2019). 

In this context, it is important to explore various methods and technologies that can be 

applied to improve thermal management. For example, the use of advanced heat exchangers 

that can improve the efficiency of heat transfer between the battery and the external 

environment. These heat exchangers can be liquid cooling or air cooling systems designed to 

optimize heat flow and maintain stable battery temperatures (Li et al., 2021). 

With the increasing awareness of the importance of sustainability and energy 

efficiency, this research aims to make a significant contribution to the development of better 
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battery technology. It is hoped that the results of this research can be applied in the design of 

next-generation electric vehicles, which are not only more efficient but also safer. 

 

 

B. METHODOLOGY 

This study uses a simulation model to evaluate the performance of the proposed thermal 

management system. The model integrates a PCM and an advanced heat exchanger to analyze 

how these two elements can work together to maintain the battery temperature within optimal 

limits. The simulations were conducted considering various operational conditions, including 

high loads and ambient temperature variations (Chen et al., 2020). 

To test the effectiveness of the system, several different scenarios were set up, including 

variations in battery pack size, type of PCM used, and heat exchanger design. The data obtained 

from these simulations were then analyzed to determine the optimal parameters that can be 

used in real applications. The simulation results showed that the combination of PCM and heat 

exchanger can maintain the battery temperature within the range of 20-30°C, which is the 

optimal range for Li-ion battery performance ( Gao et al ., 2021 ). 

In this analysis, we also consider external factors that can affect the performance of the 

thermal management system, such as ambient temperature and charging patterns. Previous 

studies have shown that high ambient temperatures can increase the risk of battery overheating, 

making it important to develop a system that can adapt to changing conditions (Zhou et al., 

2020). 

For model validation, data from previous field studies and experiments are used as 

references. This ensures that the developed simulation model reflects the real conditions faced 

by electric vehicles today. With this approach, this study aims to provide solutions that can be 

practically implemented in the automotive industry. 

 

C. RESULTS AND DISCUSSION 

Simulation results show that the proposed thermal management system can 

significantly improve battery performance under high load conditions. In scenarios where the 

load reaches its maximum, the battery temperature remains stable below 30°C, which is a safe 

limit for operation (Kang et al., 2021). By keeping the temperature within this optimal range, 

the battery life can be extended by up to 20%, which is a significant improvement in efficiency 

and cost (Mao et al., 2020). 



 

 

In addition, the analysis shows that the use of PCM can reduce temperature fluctuations 

caused by charging and discharging cycles. When the battery is recharged, the temperature 

often increases, but with the integration of PCM, the heat energy generated can be absorbed 

and stored, thereby reducing the risk of overheating. Previous studies have also noted that 

systems using PCM can reduce the energy requirement for external cooling, which in turn 

improves the overall efficiency of the vehicle (Wang et al., 2020). 

Further discussion on the implementation of this system in electric vehicles shows that 

there is potential to reduce operational costs. With longer battery life and less maintenance 

requirements, vehicle owners can save on long-term costs. In addition, with increased energy 

efficiency, electric vehicles can become more attractive to consumers, which can ultimately 

accelerate the adoption of this technology in the market (IEA, 2021). 

However, challenges remain in terms of the initial costs for the development and 

integration of more sophisticated thermal management systems. While there is potential for 

future cost savings, the initial investment in research and development needs to be considered. 

Therefore, collaboration between automotive manufacturers, researchers, and policymakers is 

essential to create an environment that supports innovation and adoption of new technologies. 

 

D. CONCLUSION 

The conclusion of this study shows that optimizing thermal management in Li-ion 

battery packs for electric vehicles is essential to improve performance and safety. By using 

advanced PCM and heat exchanger, the proposed system can maintain the battery temperature 

within the optimal range, which in turn extends the battery life and improves vehicle efficiency. 

The simulation results obtained provide strong evidence of the effectiveness of this approach 

and show potential applications in the design of next-generation electric vehicles. 

Given the current trend in the automotive industry, where there is an increasing focus 

on sustainability and energy efficiency, this research makes an important contribution to the 

development of better battery technology. By continuing to conduct research and development 

in this area, we can expect to see electric vehicles that are not only more efficient but also safer 

and more environmentally friendly in the future. 

From the results of this study, it is recommended that electric vehicle manufacturers 

consider integrating better thermal management systems into their designs. In addition, 

collaboration between academia and industry needs to be improved to facilitate innovation and 

accelerate the adoption of new technologies. With these steps, we can move towards a more 

sustainable and efficient electric vehicle future. 
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E. RECOMMENDATIONS FOR FURTHER RESEARCH 

For further research, it is recommended to explore more deeply the various types of 

PCMs available and how their characteristics can affect the performance of the thermal 

management system. In addition, the development of new technologies in heat exchangers can 

also be a focus of research to further improve the efficiency of the system. Research on the 

environmental impact of the use of PCMs and heat exchangers is also needed to ensure that the 

proposed solutions are not only effective but also sustainable. 

One interesting area to explore is the use of nanomaterial technology in thermal 

management systems. Nanomaterials have the potential to improve thermal conductivity and 

heat transfer efficiency, which can provide additional benefits in battery temperature 

management. Previous studies have shown that the use of nanofluids in cooling systems can 

increase efficiency by up to 50% (Khan et al., 2021). 

In addition, testing the thermal management system in real-world conditions is also 

important to validate the simulation results. Conducting field trials will provide deeper insight 

into how the system functions under various operational and environmental conditions. With 

this approach, we can ensure that the developed technology can be widely and effectively 

applied in the automotive industry. 

Finally, the integration of thermal management systems with new battery technologies, 

such as solid-state batteries, is also a promising area for further research. As battery technology 

continues to evolve, it is important to ensure that thermal management systems can adapt to 

these changes to maximize the performance and safety of future electric vehicles. 
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