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Abstract.  Better energy efficiency is becoming increasingly important as electric vehicles
are used more widely in everyday transportation. Artificial intelligence (AI) has become an
important technology for improving the energy efficiency of electric vehicles (EVs). This
study examines the application of AI in battery management systems (BMS), energy
management systems (EMS), thermal management, and intelligent driving strategies.
Collectively, these technologies improve battery performance, optimize energy utilization,
and extend driving range. Analysis shows that AI can provide a multifaceted approach to
improving EV energy efficiency by enabling more accurate battery prediction, dynamic
energy allocation, and adaptive thermal control. These algorithmic methods can reduce
unnecessary energy consumption while maintaining vehicle performance and battery safety.
Prognostic AI models can also help predict battery degradation and support more effective
maintenance decisions. Better energy efficiency is becoming increasingly important as
electric vehicles are used more widely in everyday transportation. Existing challenges
include computational cost, data security, and model training. Prospectively, continued
advances in AI are expected to support the development of more efficient and sustainable
electric vehicles. In addition, improved interoperability between AI models and vehicle
systems may further enhance real-time decision-making and energy optimization.
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1. Introduction

With the growing global emphasis on environmental protection and sustainable development.
Electric Vehicles (EVs) have emerged as a critical approach to realizing green transportation and
reducing carbon emissions. However, issues including limited driving range, battery performance
degradation and low energy utilization efficiency still constrain the further development of electric
vehicles.

In recent years, the rapid advancement of Artificial Intelligence (AI) technology has opened up
new avenues for addressing these challenges. By analyzing vehicle operation data, AI enables
accurate prediction of battery state, optimizes energy distribution, intelligently regulates battery
temperature and adjusts driving strategies based on real-time traffic conditions. This, in turn,
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improves the vehicle's energy utilization efficiency, extends battery service life, and increases
driving range.

This paper discusses how AI improves the energy efficiency, battery performance and cruising
capability of electric vehicles through battery management systems, energy management systems,
thermal management technologies and intelligent driving strategies, and analyzes the future
development prospects of relevant applications. \

2. AI-based Battery Management Systems (BMS)

2.1. Artificial intelligence in Battery Management Systems

The Battery Management System (BMS) is a fundamental component of electric vehicles. Its main
role is to monitor battery voltage, current, temperature, and State of Charge (SOC) in real time while
preventing overcharging, over-discharging, and thermal runaway, which helps ensure operational
safety and prolong battery life. AI has notably become an integral part of modern battery
management systems, improving the precision of battery monitoring and control. By employing
machine learning and deep learning techniques, AI predicts both the State of Charge (SOC) and the
State of Health (SOH) with greater accuracy, even under complex driving conditions [1].

2.2. Fault diagnosis and predictive maintenance

Battery faults may emerge gradually because of aging, temperature fluctuations, and repeated
charging and discharging cycles. Detecting these problems at an early stage remains essential for
maintaining battery safety and long-term performance. AI examines operational data to identify
potential battery faults before serious failures occur notwithstanding, the complexity of real-world
driving conditions. In many situations, early signs of battery degradation are difficult for drivers to
notice without assistance from intelligent monitoring systems. Compared with conventional
diagnostic methods, AI processes large volumes of data efficiently while recognizing hidden patterns
that are difficult to detect using traditional techniques. This granular analysis supports predictive
maintenance, lowers maintenance costs, and improves the overall reliability of electric vehicles. It
also reduces the possibility of unexpected battery failures, which helps improve user confidence in
electric vehicles over long periods of use [2].

2.3. Battery balancing and efficiency improvement

AI also optimizes cell balancing, producing more consistent charging and discharging among
individual battery cells. Since a battery pack consists of numerous cells connected together,
maintaining balance is essential for stable performance and efficient energy utilization [3]. Plausibly
even small differences between battery cells can become more noticeable after many charging
cycles, making effective balancing increasingly important. Better balancing allows every cell to
operate under more suitable conditions instead of placing excessive stress on only a few cells. These
improvements increase charging and discharging efficiency and help prolong battery lifespan.
Recent studies indicate that AI-based battery management systems strengthen battery reliability,
enhance operational safety, and improve energy utilization efficiency [4]. Such advances are
markedly beneficial for extending the driving range of electric vehicles while supporting the
continued development of intelligent transportation technologies. As AI continues to develop,
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battery management systems are expected to become more intelligent and capable of adapting to
increasingly complex operating conditions.

3. AI in Energy Management Systems (EMS)

3.1. Energy distribution optimization

The Energy Management System (EMS) distributes energy among the battery, electric motor,
regenerative braking system, and other vehicle components. Effective energy allocation improves
energy efficiency and reduces unnecessary power consumption. Discernibly, AI enhances this
process by analyzing real-time vehicle data and adjusting energy distribution according to driving
conditions.

Machine learning algorithms can predict future energy demand, allowing the EMS to allocate
battery power more adroitly before energy requirements change. Research suggests that AI-based
energy management systems reduce energy waste, improve battery utilization, and extend the
driving range of electric vehicles. These improvements are appreciably beneficial for increasing the
overall efficiency of electric vehicles [5].

3.2. Intelligent route and driving strategy optimization

AI analyzes traffic conditions, road gradients, weather, and vehicle data to recommend routes that
consume less energy. An efficient route often reduces unnecessary battery usage during everyday
driving, which can make the driving experience more consistent. Perceptibly, AI also adjusts
acceleration, braking, and regenerative braking to suit changing road conditions.

Machine learning models estimate future energy demand and recommend suitable charging stops
with greater precision. Many drivers may not notice these adjustments during a trip, yet they can
gradually improve overall vehicle efficiency. Adroitly, intelligent route planning supports a longer
driving range and better energy utilization, making electric vehicles more practical for daily use [6].

4. AI-based thermal management

4.1. Temperature prediction

Battery temperature directly affects the performance and lifespan of electric vehicles. AI predicts
future battery temperature by analyzing voltage, current, and environmental conditions. Ostensibly,
accurate prediction helps maintain battery operation within a suitable temperature range.

Temperature may change during different driving conditions. Progressively, AI supports more
reliable thermal management and improves battery performance. In addition, continuous
temperature prediction allows the system to respond to changes before they become significant. This
provides additional support for stable battery operation and can help reduce potential performance
losses caused by unsuitable temperatures. In practical applications, these predictions can also
provide useful information for other vehicle control systems. Furthermore, this predictive approach
can facilitate more meticulous monitoring of battery conditions and provide a more comprehensive
understanding of thermal variations. Such information may enhance the reliability and consistency
of battery operation under diverse circumstances [7].
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4.2. Intelligent cooling and heating

AI controls battery cooling and heating systems according to real-time operating conditions. Proper
temperature regulation improves battery efficiency in both hot and cold environments. Prudently, AI
adjusts cooling or heating strategies to reduce unnecessary energy consumption.

Drivers expect stable battery performance throughout the year. Conspicuously, intelligent thermal
control contributes to better battery durability [8]. This approach is particularly useful because
battery temperature can vary depending on weather, driving style, and vehicle operating conditions.
By continuously monitoring these changes, the system can make appropriate adjustments when
necessary. As a result, temperature control can become more consistent and provide additional
support for the normal operation of the battery. Moreover, intelligent regulation can accommodate
fluctuating environmental conditions and minimize unnecessary thermal intervention. This process
may contribute to a more sustainable utilization of energy while maintaining an adequate balance
between performance and temperature stability.

4.3. Thermal safety

AI continuously monitors battery conditions to detect abnormal temperature changes. Early
detection helps reduce the risk of thermal runaway and improves vehicle safety. Unequivocally,
rapid system responses protect the battery from serious damage.

Minor temperature changes may become more severe if they are ignored. Substantively, AI-based
thermal safety systems improve battery reliability by providing timely warnings Sukkam [9].

5. AI-driven driving optimization

5.1. Eco-driving

AI improves eco-driving by analyzing vehicle speed, acceleration, and traffic conditions. Many
drivers are unaware that small driving habits can gradually affect energy consumption. Intrinsically,
AI provides real-time suggestions that encourage smoother driving and reduce unnecessary battery
use. Research shows that AI-assisted eco-driving improves energy efficiency and extends driving
range.

5.2. Regenerative braking

Regenerative braking converts kinetic energy into electrical energy during deceleration. Energy
recovery is especially useful in urban traffic where vehicles brake frequently. Assiduously, AI
adjusts braking force according to driving conditions to improve energy recovery and maintain
stable vehicle performance. AI-based regenerative braking strategies increase driving efficiency and
battery utilization [9]. Additionally, intelligent coordination can accommodate variations in
deceleration and optimize the allocation of recovered energy. This mechanism provides a more
sophisticated approach to energy recuperation and may reduce the dissipation of otherwise
recoverable kinetic energy during repeated braking events. Such coordination can also contribute to
smoother transitions between braking and acceleration in everyday driving situations.



Proceedings	of	CONF-MLA	2026	Symposium:	Intelligent	Systems	and	Automation:	AI	Models,	IoT,	and	Robotic	Algorithms
DOI:	10.54254/2755-2721/2026.LD38300

62

6. Conclusion

Artificial intelligence has become an essential technology for improving the energy efficiency of
electric vehicles. AI enhances battery management, energy management, thermal management, and
intelligent driving strategies, leading to better battery performance and lower energy consumption.
Invariably, these improvements also make electric vehicles more practical for everyday use. Battery
technology will continue to develop over time, and AI is expected to play an even greater role in
improving vehicle efficiency and sustainability. Such interdisciplinary development could facilitate
the convergence of multiple intelligent systems and establish a more cohesive technological
framework. Future investigations may also examine the scalability, adaptability, and long-term
implications of AI-based energy optimization under increasingly heterogeneous operating
conditions. These developments could provide further opportunities for improving efficiency,
reliability, and practical applications in electric vehicles.
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