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ABSTRACT  

 This paper presents a comprehensive overview of recent technological advancements in electric mobility, 

highlighting the key innovations that have shaped the current landscape of electric vehicles (EVs). It explores the 

core technologies driving efficiency improvements, including advancements in battery systems, power electronics, 

and energy management strategies. In addition to discussing these technological developments, the paper also 

addresses the prevailing challenges faced in the widespread adoption of EVs. Furthermore, the study identifies 

critical research gaps that must be addressed to achieve further improvements in performance, reliability, and 

sustainability. This review aims to serve as a valuable resource for researchers and industry stakeholders working 

towards the future of efficient and accessible electric mobility.  
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I. INTRODUCTION  

Electric vehicles (EVs) are rapidly transforming the global transportation landscape as the world moves 

toward cleaner, more sustainable mobility solutions. Driven by growing environmental concerns, stringent emission 

regulations, and advancements in technology, EVs have emerged as a viable alternative to conventional internal 

combustion engine (ICE) vehicles. The shift toward electric mobility is supported by significant progress in key 

technological areas such as electric propulsion systems, battery storage, power electronics, and intelligent energy 

management. These innovations aim not only to reduce greenhouse gas emissions but also to enhance vehicle 

efficiency, performance, and user convenience. Modern EVs rely on sophisticated components like high-

performance electric motors, efficient power conversion systems, and advanced Battery Management Systems 

(BMS) to ensure safety and reliability. Additionally, the integration of technologies such as Silicon Carbide (SiC) 

power devices, regenerative braking, and wireless power transfer (WPT) is playing a crucial role in boosting energy 

efficiency and reducing overall operational costs. Despite these advancements, several challenges remain—

particularly in areas such as cost, thermal management, and infrastructure readiness.  

This paper aims to provide a comprehensive overview of the recent technological developments in electric 

mobility, explore the major challenges, examine key efficiency-enhancing technologies, and identify areas requiring 

further research. 

 

II. THE KEY COMPONENTS IN EV   

Electric Vehicles (EVs) are composed of several essential components that work together to deliver 

efficient and clean propulsion. At the heart of an EV lies the battery pack, typically made from lithium-ion cells, 

which stores electrical energy used to power the vehicle. It determines the driving range and performance and 

includes a thermal management system to maintain optimal temperature and safety. The electric motor converts this 

electrical energy into mechanical energy to drive the wheels. Common motor types include Permanent Magnet 

Synchronous Motors (PMSM), Brushless DC Motors (BLDC), and Induction Motors, all known for their high 

efficiency and immediate torque response.  

The power electronics controller, often referred to as the inverter, plays a crucial role in managing the energy flow 

between the battery and the motor. The onboard charger allows the EV to charge using an external power source by 

converting AC from the grid into DC suitable for the battery. This is accessed through the charging port, which 

supports various standard connectors based on region and vehicle type. A DC-DC converter is included to step down 

the high-voltage power from the main battery to lower voltages (5V-20V) needed to run auxiliary systems such as 

lighting, infotainment, and sensors [1]. 
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III. Types of Electric Vehicles   

Electric Vehicles (EVs) can be broadly classified into several types based on their power sources and 

propulsion systems. The most common category is the Battery Electric Vehicle (BEV) and Hybrid Electric Vehicle 

(HEV) [2]. 

 

1. Battery Electric Vehicle (BEV)  

A Battery Electric Vehicle (BEV) operates solely on electric power stored in a rechargeable battery pack, 

with no internal combustion engine involved. It uses an electric motor for propulsion and produces zero tailpipe 

emissions, making it an environmentally friendly alternative to conventional vehicles. BEVs are charged through 

external electric power sources, such as home chargers or public charging stations. They offer high energy 

efficiency, lower operating costs, and quieter operation. However, their range is limited by battery capacity, and 

charging infrastructure and time can be challenges in some regions. Popular examples include the Tesla Model 3, 

Nissan Leaf, and Chevrolet Bolt. 

 

2. Hybrid Electric Vehicles (HEVs) 

Hybrid Electric Vehicles (HEVs) combine an internal combustion engine (ICE) with an electric motor to 

improve fuel efficiency and reduce emissions. The electric motor assists the engine during acceleration and powers 

the vehicle at low speeds, while the engine takes over during higher-speed driving. HEVs do not require external 

charging, as their batteries are recharged through regenerative braking and the engine itself. This makes them 

convenient for users without access to charging infrastructure. While HEVs offer better fuel economy than 

conventional vehicles, they still rely on fossil fuels and produce emissions. Examples include the Toyota Prius and 

Honda Insight. 

 

IV. THE MOTOR   

A variety of electric motors are used in electric vehicles, including DC motors, induction motors, brushless 

DC motors, permanent magnet synchronous motors (PMSMs), switched reluctance motors (SRMs) and Axial Flux 

Motor (emerging technology) [1]. 

 

1. Permanent Magnet Synchronous Motor (PMSM)   

The Permanent Magnet Synchronous Motor (PMSM) is a widely used motor type in modern electric 

vehicles due to its high performance and efficiency. In this motor, permanent magnets are embedded within the rotor 

to generate a constant magnetic field, while the stator is supplied with alternating current (AC) to produce a rotating 

magnetic field. The interaction between the stator’s rotating field and the rotor’s magnetic field results in smooth 

and efficient torque generation. PMSMs are known for their high power density, compact design, and excellent 

torque-speed characteristics, making them ideal for automotive applications where space and performance are 

critical. However, these motors are relatively more expensive, primarily due to the use of rare earth magnets. 

Additionally, they can be sensitive to high operating temperatures, which may lead to demagnetization of the 

magnets if not properly managed. Despite these challenges, PMSMs are widely adopted in commercial electric 

vehicles such as the Tesla Model 3, Nissan Leaf, and BMW i3, owing to their superior efficiency and reliability. 

 

2. Brushless DC Motor (BLDC)  

The Brushless DC Motor (BLDC) is a type of synchronous motor that operates using a direct current (DC) 

power supply and relies on electronic commutation rather than mechanical brushes. This design eliminates friction 

and wears associated with traditional brushed motors, resulting in improved efficiency, reduced maintenance, and 

enhanced reliability. Additionally, BLDC motors offer better thermal performance due to the absence of brushes, 

allowing for more effective cooling during operation. These advantages make them ideal for applications where 

compact size and reliability are crucial, such as electric two-wheelers, small electric cars, and hybrid vehicles. 

However, BLDC motors require a more complex control system to manage the switching of current through the 

motor phases, which can increase design and manufacturing costs. If not properly designed, they may also exhibit 

cogging torque, which can lead to less smooth operation at low speeds. Despite these limitations, BLDC motors 

remain a popular choice for many electric mobility solutions due to their performance and durability. 

 

3. Induction Motor (Asynchronous Motor) 

The Induction Motor, also known as an asynchronous motor, is a widely used type of AC motor in electric 

vehicles. Unlike synchronous motors, the rotor in an induction motor does not receive electrical power directly. 

Instead, it operates through electromagnetic induction generated by the stator’s rotating magnetic field. This design 
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contributes to its simplicity, durability, and robustness, making it well-suited for heavy-duty applications and harsh 

operating environments. One of the major advantages of induction motors is that they do not require permanent 

magnets, making them a more cost-effective solution, especially in high-power applications. Additionally, their 

ability to tolerate high temperatures and mechanical stress enhances their reliability. However, induction motors 

generally have slightly lower efficiency compared to Permanent Magnet Synchronous Motors (PMSMs) and require 

more complex control systems and effective cooling mechanisms to maintain optimal performance. Despite these 

challenges, they have been successfully implemented in earlier models of electric vehicles, such as the Tesla Model 

S, and continue to be favored in commercial and heavy-duty EVs due to their ruggedness and economic viability. 

 

4. Switched Reluctance Motor (SRM) 

The Switched Reluctance Motor (SRM) is an emerging type of electric motor characterized by its simple 

and robust construction. It consists of a rotor with salient poles and no windings or permanent magnets, while the 

stator contains concentrated windings. Torque is generated as the rotor aligns itself with the stator's magnetic field, 

following the path of least magnetic reluctance. This unique design makes SRMs highly durable, cost-effective, and 

well-suited for high-speed operations. The absence of magnets and rotor windings significantly reduces 

manufacturing costs and enhances thermal performance, making SRMs attractive for cost-sensitive and heavy-duty 

electric vehicle applications. However, SRMs also present some notable challenges, including high torque ripple, 

which can lead to vibrations, and noisy operation due to magnetic saturation and switching. Moreover, they require 

sophisticated control algorithms to ensure smooth performance and efficient torque production. Despite these 

drawbacks, the SRM is gaining attention in the EV industry as a promising alternative for applications where 

durability, low cost, and efficiency are key priorities. 

 

5. Axial Flux Motor (AFM) (Emerging Technology) 

 

The Axial Flux Motor (AFM) represents a cutting-edge advancement in electric motor technology and is 

increasingly being explored for use in high-performance electric vehicles. Unlike traditional radial flux motors, 

where the magnetic flux flows radially, AFMs are designed such that the magnetic flux flows axially—parallel to 

the shaft—resulting in a flat, disc-shaped or "pancake" structure. This unique configuration allows for significantly 

higher power and torque density, making the motor both lightweight and highly compact. These attributes are 

particularly advantageous in applications where space is limited or weight reduction is critical. However, despite its 

promising potential, the axial flux motor presents certain challenges. Its design and manufacturing processes are 

more complex compared to conventional motor types, and it is still in the developmental phase for large-scale use in 

mass-market electric vehicles. Nevertheless, AFMs are gaining traction in high-end and performance-focused EVs 

due to their superior efficiency and packaging benefits, and they are expected to play a more prominent role as the 

technology matures. 

 

V. PROMISING TECHNOLOGIES FOR EFFICIENCY ENHANCEMENT 

1. Silicon Carbide (SiC) Power Electronics  

Silicon Carbide (SiC) power electronics are emerging as a superior alternative to traditional silicon (Si) 

devices in electric vehicle (EV) applications. SiC devices offer significantly higher efficiency due to lower 

switching and conduction losses, which helps reduce energy consumption and heat generation. They can operate at 

much higher switching frequencies compared to silicon devices, enabling the use of smaller and lighter passive 

components such as inductors and capacitors. SiC also boasts excellent thermal performance, with the ability to 

function at higher junction temperatures (up to 300°C), which reduces the need for bulky cooling systems. 

Furthermore, SiC is better suited for high-voltage and high-power applications, making it ideal for EV drivetrains 

and fast-charging infrastructure. In contrast, traditional silicon devices are limited in voltage capacity and generate 

more heat, requiring more extensive thermal management. However, silicon remains more cost-effective and widely 

available due to its mature manufacturing processes. Despite the higher cost, the superior performance of SiC in 

terms of efficiency, size reduction, and thermal management makes it a promising technology for the next 

generation of high-performance electric vehicles. 

 

2. Advanced Battery Management Systems (BMS) 

The Battery Management System (BMS) plays a critical role in ensuring the performance, safety, and longevity of 

electric vehicle (EV) batteries. It monitors and manages key parameters such as cell voltage, current, temperature, 

and state of charge (SoC) to maintain the battery within safe operating limits. By balancing individual cell voltages 

and preventing overcharging or deep discharging, the BMS helps optimize battery performance and extend its 
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lifespan. It also safeguards the battery against conditions that could lead to thermal runaway, short circuits, or fires, 

thereby enhancing the overall safety of the vehicle. In addition, the BMS communicates with the vehicle's control 

systems to provide real-time data for energy management and performance optimization. Advanced BMS features 

include fault diagnosis, predictive maintenance, and integration with thermal management systems. Overall, the 

BMS is essential for the reliable and safe operation of EVs, directly influencing driving range, battery health, and 

user safety. 

3. Wireless Power Transfer (WPT) 

Wireless Power Transfer (WPT) is an innovative technology in electric vehicle (EV) charging that enables energy 

transfer without physical connectors, using methods such as inductive or capacitive coupling. WPT offers the 

potential for both static and dynamic charging applications. In static scenarios, vehicles can be charged wirelessly 

while parked, enhancing user convenience and reducing wear on charging ports. More significantly, dynamic 

wireless charging allows EVs to recharge while in motion, such as on specially equipped roads. This advancement 

could dramatically reduce the dependence on large battery packs by enabling frequent, small energy top-ups, thereby 

decreasing vehicle weight and cost. Additionally, WPT can help alleviate range anxiety, a common concern among 

EV users, by ensuring continuous access to energy during travel. While challenges such as efficiency, infrastructure 

cost, and electromagnetic interference remain, WPT holds great promise for the future of seamless and efficient EV 

charging. 

4. Energy Harvesting Systems 

Innovative energy recovery systems such as regenerative braking, kinetic energy recovery systems (KERS), and 

regenerative shock absorbers play a significant role in improving the overall efficiency of electric vehicles (EVs). 

These technologies are designed to capture and reuse energy that would otherwise be wasted during vehicle 

operation. Regenerative braking converts kinetic energy generated during braking into electrical energy, which is 

then stored in the battery for future use. Similarly, KERS stores energy generated during deceleration, typically in a 

battery or flywheel, and releases it during acceleration to boost performance and reduce energy consumption. 

Regenerative shock absorbers recover energy from suspension movement caused by road irregularities, converting 

mechanical vibrations into electrical energy. Together, these systems help extend driving range, reduce dependency 

on frequent recharging, and contribute to more sustainable and energy-efficient vehicle operation. 

VI. IDENTIFIED RESEARCH GAP 

Despite advancements, several areas require further investigation: 

• SiC Power Modules: Challenges remain in reducing manufacturing costs, improving gate driver designs, 

and enhancing thermal management.  

• Battery Technologies: There's a need for improved methods to estimate battery states and integrate 

advanced batteries like solid-state and lithium-air into EV systems.  

• Wireless Charging: Further research is needed to address efficiency losses, safety concerns, and 

infrastructure requirements for dynamic WPT systems.  

• Energy Harvesting Integration: Optimizing the integration of energy harvesting systems into EV 

architectures without compromising performance remains a challenge.  

 

VII. POTENTIAL RESEARCH DIRECTIONS 

• Optimizing SiC-based Power Converters: Investigate methods to enhance the performance and reduce 

the cost of SiC power modules.  

• Advanced BMS Algorithms: Develop AI-driven algorithms for real-time battery state estimation and 

management. 

• Dynamic Wireless Charging Systems: Design and test WPT systems capable of charging EVs in motion, 

focusing on efficiency and safety.  

• Integrated Energy Harvesting Solutions: Create models to seamlessly incorporate energy harvesting 

mechanisms into EV designs.  

 

VIII. CONCLUSION 

This paper has reviewed a range of advanced technologies that contribute to enhancing the efficiency, 

performance, and sustainability of electric vehicles (EVs). Key components such as electric motors—including 

Permanent Magnet Synchronous Motors (PMSM), Brushless DC Motors (BLDC), Induction Motors, Switched 

Reluctance Motors (SRM), and emerging Axial Flux Motors—were discussed for their unique advantages and 

applications in various types of EVs. Battery technologies and Battery Management Systems (BMS) were 

highlighted for their critical roles in energy storage, safety, and performance optimization. The review also covered 
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Silicon Carbide (SiC) power electronics, which offer significant improvements over traditional silicon devices in 

terms of efficiency and compactness, though they still face cost and thermal challenges. Additional innovations such 

as Wireless Power Transfer (WPT), regenerative braking, Kinetic Energy Recovery Systems (KERS), and 

regenerative shock absorbers were examined for their ability to reduce energy loss and extend driving range. While 

these technologies are shaping the future of electric mobility. 
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