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 DESCRIPTION 

 

Hybrid Electric Vehicles (HEVs) have garnered significant attention as 

part of the global shift towards reducing dependence on fossil fuels and 

mitigating environmental damage from transportation. These vehicles 

combine traditional Internal Combustion Engines (ICE) with electric 

propulsion systems, offering the potential for reduced fuel consumption 

and lower emissions compared to conventional gasoline or diesel 

vehicles. However, the fuel efficiency and emissions performance of 

HEVs are heavily influenced by driving cycles, which represent the typical 

patterns of acceleration, braking and cruising encountered by vehicles in 

different environments. Understanding how these cycles affect HEVs is 

essential for optimizing their design and real-world performance. 

 

Driving cycles are standardized patterns used to evaluate vehicle 

performance, fuel efficiency, and emissions under controlled conditions. 

Examples include the New European Driving Cycle (NEDC), Worldwide 

Harmonized Light Vehicles Test Procedure (WLTP), and the Urban 

Dynamometer Driving Schedule (UDDS), each simulating different driving 

environments. The efficiency of a Hybrid Electric Vehicle (HEV) depends 

on how well it manages the power split between the Internal Combustion 

Engine (ICE) and the electric motor. In urban cycles like UDDS, the 

electric motor is more frequently used, resulting in lower fuel 

consumption and emissions, while highway cycles favor the ICE, 

reducing electric motor benefits. Hybrid Electric Vehicles (HEVs) 

significantly improve fuel efficiency and reduce emissions, particularly in 

urban driving conditions. The key advantage of HEVs is their use of 

regenerative braking and electric propulsion in low-speed, stop-and-go 

traffic. 
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During braking, kinetic energy is recaptured and stored in the battery, reducing fuel consumption and CO₂ 

emissions. Studies show that under urban driving cycles, such as the UDDS, HEVs can achieve up to 30%-40% 

lower fuel consumption compared to conventional gasoline vehicles. The electric motor often operates alone at low 

speeds, making the vehicle nearly emission-free in city traffic. 

 

However, during highway driving, where sustained high speeds are involved, the Internal Combustion Engine (ICE) 

becomes more frequently engaged. In these conditions, HEVs perform similarly to conventional vehicles in terms of 

fuel efficiency, and the emissions benefits are less pronounced. Despite this, HEVs still offer advantages over 

traditional vehicles due to the integration of electric power. 

 

To optimize fuel efficiency across various driving cycles, HEVs rely on advanced powertrain control systems. These 

systems dynamically decide when to use the electric motor or the ICE based on factors such as battery charge, 

driving behavior, and road conditions. This allows HEVs to deliver better performance and environmental benefits, 

especially in urban settings, while still maintaining efficiency on highways. Further advancements in hybrid 

technology could enhance these benefits across all driving scenarios.  


