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Abstract: Thermal management plays a critical role in ensuring the safety, performance, and longevity 

of lithium-ion (Li-ion) batteries, especially in high-capacity applications such as electric vehicles and 

energy storage systems. This study presents the design and comparative evaluation of a Battery Thermal 

Management System (BTMS) for a 48V, 24Ah Li-ion battery using both air cooling and liquid cooling 

techniques. The primary objective is to maintain the battery cell temperatures within an optimal 

operating range (20°C–40°C), preventing thermal runaway while enhancing overall efficiency and 

lifecycle performance. An integrated thermoelectric module (Peltier device) is incorporated to enable 

both heating and cooling functions, controlled via temperature sensors and a microcontroller-based 

system. Liquid cooling demonstrated a higher heat transfer coefficient and more uniform temperature 

distribution, making it suitable for high-load conditions. In contrast, air cooling was found effective 

under moderate loads due to its low cost and ease of implementation.  Experimental results indicate that 

while liquid cooling offers superior heat dissipation and temperature uniformity, air cooling remains a 

simpler, more cost-effective alternative for moderate thermal loads. The research provides valuable 

insights into hybrid BTMS configurations and their impact on battery thermal stability, making it 

relevant for EV and stationary battery applications. 

  

Keywords: Li-ion Battery, Battery Thermal Management System (BTMS), Air Cooling, Liquid 

Cooling, Thermoelectric Cooling, Peltier Module, Heat Dissipation, Temperature Regulation 


