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Electrically assisted propulsion 

for short-range civil aircraft

The growth in air transport is putting increasing pressure on finding more

sustainable forms of propulsion for aircraft. One approach is to introduce

electrical motors alongside existing turbofan engines. Depending on

developments in battery and electrical technology, this electrically assisted

propulsion system could result in fuel savings for short-range aircraft.
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Civil aviation is growing at 4.7% per year and is not expected to slow down in the 

coming decades. The resulting emissions – carbon dioxide (CO2), oxides of nitrogen 

(NOx), oxides of sulfur (SOx), water (H2O) and soot – have an especially significant 

impact due to the atmospheric layer they are emitted in. The majority of air transport is 

short range and inter-city, with single-aisle aircraft expected to make up around 65% of 

the entire fleet in 2035. 

Road transport is showing advances in low-carbon technologies through hybrid and 

electric cars, but electric air transport is still at an early stage. The comparatively low 

power-to-weight ratio of electric propulsion systems makes the prospect of a fully 

electric system for commercial aircraft particularly challenging. High-power 

requirements result in weight increases that could not feasibly be propelled with 

current technology. However, a combination of a turbofan engine with an electric 

motor in a hybrid electric propulsion system (HEPS) could meet power and future 

emissions requirements of civil aviation.

Different HEPS were shown to potentially improve energy efficiency, reduce emissions 

and achieve better overall performance. However, their success primarily hinges on the 

power management strategy, which results from determining the ratios and 

configuration of the two propulsive powers. There are three distinct configurations 

possible – series, parallel and a combination of both. In a series configuration, the 

propeller is driven by electric motors, which are powered by electricity produced by 

turbo-generators. 
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The parallel configuration powers the propeller by battery-powered electric motors and the 

turbo-generator. The combined configuration is similar to the series configuration, the only 

difference is that the turbo-generator can also power the propeller directly.

This study focuses on a type of parallel-configured HEPS in which the electrical system 

assists the existing propulsion system in certain flight phases. This is called the electrically 

assisted propulsion system (EAPS). Typically, turbofan engines are designed and sized to 

optimise their performance during one particular phase, for example cruising. This leaves 

room for an EAPS to deliver propulsion during the phases that the turbofan engine is less 

efficient, thereby reducing overall emissions.

The effect of the EAPS on the turbofan engine was derived from a simulation of the flight 

and engine performance of a single-aisle aircraft. The model optimised the size of the EAPS 

and tested different power management strategies. One of the main advantages of an EAPS 

is that the two systems can operate independently and in conjunction, increasing overall 

system flexibility and reliability. In this model, the electric motor powers operations such as 

idling and taxiing, while higher power operations are performed by the turbofan or by both 

systems simultaneously.

As mentioned previously, the power management strategy plays an important role in HEPS. 

The general strategy can be characterised by the ‘power split’, which is the ratio of the 

power of the electrical system to the total power of the propulsion system. Batteries and 

electrical components have a higher energy efficiency than turbofan engines, meaning that 

the same amount of energy input results in more power output. However, batteries have a 

lower energy density than jet fuel, which results in a lower power-to-weight ratio. The 

model predicts improvements in battery technologies over the next decades, allowing for 

gradually increasing power splits.

The result of adding the extra weight of an electrical propulsion and battery system to an 

aircraft could cause increased fuel burn and energy consumption, which would negate the 

initial objective of saving energy. The model shows that, with existing electrical technology, 

the EAPS would not lead to fuel or energy savings. However, the predicted improvements in 

battery and motor technology by 2030 will result in a system that can save fuel burn and 

total energy consumption. The power split demonstrated by the model for 2030 showed a 

reduced consumption of fuel and energy by 7.5% and 2% respectively, with most emissions 

reductions being realised around airports.

However, the fuel and energy savings were only demonstrated for aircraft on routes of 

1,000km. When increasing the range to 2,000km, the relative fuel burn and energy 

consumption increased because of the larger and heavier batteries required. Nonetheless, a 

range of 1,000km covers most domestic and intra-European flights, which would lead to a 

significant reduction in emissions.


