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Introduction to Electric Vehicle (EV) 

 An Electric Vehicle (EV) is a vehicle that uses one or more electric motors, powered from an on-board 

rechargeable energy source (battery, fuel cell, or ultracapacitor), for propulsion, either partially or wholly 

replacing the internal combustion engine (ICE). The push toward EVs is driven by depleting fossil-fuel 

reserves, rising crude-oil prices, the need to curb greenhouse-gas emissions and urban air pollution, the 

higher efficiency of electric drivetrains compared to ICEs, and rapid advances in battery and power-

electronics technology that have improved range and reduced cost. 

Classification of Electric Vehicles 

• Battery Electric Vehicle (BEV) — fully electric; propulsion entirely from a battery pack charged 

from the electric grid; zero tailpipe emission (e.g., pure EV cars). 

• Hybrid Electric Vehicle (HEV) — combines an ICE and an electric motor/battery; battery is charged 

by the ICE and regenerative braking, not from an external plug. Configurations: Series, Parallel, and 

Series-Parallel (combined) hybrid. 

• Plug-in Hybrid Electric Vehicle (PHEV) — similar to HEV but the battery can additionally be 

charged from an external electrical outlet, giving a limited all-electric range before the ICE engages. 

• Fuel Cell Electric Vehicle (FCEV) — uses a hydrogen fuel cell stack to generate electricity on-board 

(through an electrochemical reaction with oxygen) to power the electric motor, emitting only water 

vapor. 

Basic Configuration / Block Diagram of an EV 

The essential subsystems of a typical BEV drivetrain are arranged as: Energy Source (battery pack) → 

Battery Management System (BMS) → Power Converter/Controller (bidirectional DC-DC and DC-AC 

inverter) → Electric Motor (traction motor, often PMBLDC/PMSM or induction motor) → 

Transmission/Differential → Wheels. A separate on-board/off-board Charger interfaces the battery with the 

electric grid, and an auxiliary energy source (or supercapacitor) may support peak power demand and 

regenerative braking energy recovery.  
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Major Components 

• Energy Source: Batteries (Lead-acid, Nickel-Metal Hydride, Lithium-ion, Lithium-polymer), fuel 

cells, or ultracapacitors — chosen based on specific energy, specific power, cycle life, and cost. 

• Battery Management System (BMS): Monitors state of charge (SOC), state of health (SOH), cell 

balancing, temperature, and protects against overcharge/over-discharge. 

• Power Electronic Converter/Controller: Regulates power flow between battery and motor (inverter 

for AC motors, chopper for DC motors); enables variable-speed operation and regenerative braking. 

• Electric Traction Motor: Converts electrical energy to mechanical propulsion; commonly PMBLDC, 

PMSM, induction motor, or switched reluctance motor, selected for high torque density, efficiency, 

and wide speed range. 

• Transmission System: Often a single-speed fixed-ratio gear/differential (due to the wide constant-

torque and constant-power speed range of electric motors), unlike the multi-speed gearbox needed 

for ICE vehicles. 

• Charging System: On-board/off-board chargers (AC slow charging, DC fast charging) that convert 

grid AC power to the DC required to charge the battery. 

• Regenerative Braking System: Recovers kinetic energy during braking/deceleration by operating the 

traction motor as a generator, feeding energy back to the battery, thereby improving overall 

efficiency and range. 

Advantages of Electric Vehicles 

• Zero (BEV) or significantly reduced (HEV/PHEV) tailpipe emissions, improving urban air quality. 

• Higher overall drivetrain (well-to-wheel) efficiency compared to ICE vehicles. 

• Lower running cost per kilometer, fewer moving parts, and reduced maintenance (no engine oil, 

exhaust system, or clutch). 

• Quiet operation and instant torque availability from zero speed, giving good low-speed acceleration. 
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• Compatible with renewable electricity generation, further reducing net carbon footprint. 

Challenges / Limitations 

• Limited driving range per charge (range anxiety) compared to refueling an ICE vehicle. 

• Long battery charging time compared to conventional refueling, and inadequate public charging 

infrastructure in many regions. 

• High initial cost, primarily due to the battery pack. 

• Battery degradation over charge–discharge cycles, limited life, and end-of-life recycling/disposal 

concerns. 

• Added weight of the battery pack, and dependency on availability of critical materials (lithium, 

cobalt, rare-earth magnets). 

Comparison of EV Types 

Feature BEV HEV PHEV FCEV 

Energy source Battery only ICE + Battery ICE + Battery (plug-in) Hydrogen fuel cell 

External charging Yes No Yes No (H2 refuelling) 

Tailpipe emission Zero Reduced Reduced Water vapour only 

All-electric range Full range Very limited/none Limited (20–80 km) Full range 

Typical use City/highway EVs Fuel-efficient hybrids Flexible hybrids Emerging/long-range 

Future Scope 

The future of EV technology is oriented toward higher energy-density solid-state batteries, ultra-fast 

charging infrastructure, wireless/inductive charging, vehicle-to-grid (V2G) energy exchange, increased use 

of wide-bandgap (SiC/GaN) power electronics for higher efficiency converters, and greater integration of 

renewable 

 


