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Vehicle emissions have become a growing concern year after year. This has meant that manufacturers need to find ways to reduce emissions, this is typically done by forms of alternative propulsion. To keep the internal combustion engine alive, we need to find ways to reuse our wasted energy. 
We will be taking a deeper dive into energy recovery systems and looking at vehicle specific energy figures to fine tune a recovery system to a vehicle to allow for the most efficient energy recovery. The recovered energy will then be used to help propel the vehicle taking the load off the engine which in turn reduces the fuel consumption and emissions.
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The vehicle I have decided to use for my research is a BMW M2 CS. 
To determine the storage size of our recovery system we need to work out how much energy will be lost through the brakes, so we are able to store that energy.
To do that we will use the vehicles WLTP to graph out the tractive energy. First, we need to get some vehicles specifications to perform the WLTP.
Frontal area for the vehicle is 2.2m2, kerb mass is 1775kg,[footnoteRef:1] rolling resistance coefficient is 0.01 and coefficient of drag is around 0.34. We can now use this data to calculate the aero dynamic drag, rolling resistance and the acceleration resistance across the process of the WLTP. This will then allow us to calculate the tractive power which is the power used while driving so we can calculate where to harness energy from with our recovery system.
 [1:  BMW 2 Series Coupé M Models – M2 Coupé. Available at: https://www.bmw.co.uk/en/all-models/m-models/bmw-2-series-m-models/m2-coupe.html (Accessed: 29 November 2025).] 
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The WLTP is split into 3 classes, and they are defined by a power to mass ratio. Class 1 is the lowest of those with-it including vehicles with a power to mass ratio of 22W/kg and below. Class 2 is from 22W/kg up to 34W/kg and the final class, class 3, is anything above 34W/kg[footnoteRef:2]. [2:  Transport Policy International: Light-duty: Worldwide Harmonized Light Vehicles Test Procedure (WLTP). Available at: https://www.transportpolicy.net/standard/international-light-duty-worldwide-harmonized-light-vehicles-test-procedure-wltp/ (Accessed: 29 November 2025).] 

The testing procedure varies slightly between the 3 classes with class 3 being the most intensive test. The BMW M2 CS has 390Kw of power and a mass of 1775Kg. To calculate the power ratio, we need to divide the power in watts by 1775 giving us a power ratio of 220W/Kg placing it in class 3.
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The energy used through the wheels or brakes while driving is called tractive energy, and we can calculate this. Using the numbers provided we can also determine if the vehicle is accelerating or braking as acceleration would be positive and braking negative. This tractive energy can then be plotted on a graph against time to show the energy usage. 
Figure 2
Figure 2 is that tractive energy usage across time. The higher the peaks the greater amount of energy used accelerating and the same goes for the troughs but for braking.
You can see that across the WLTP there are quite a few spots where braking energy can be harnessed and at the end where there is a large braking period, in this period there is a difference of 68.4MJ which is a substantial amount so when harnessing the energy we would look at harnessing only a small portion of that as I don’t believe it would be beneficial to have energy storage to account for that much as it is not often you would have that much energy from braking resulting in the storage consistently being underfilled and the weight of that battery storage would work against us.
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KERS or kinetic energy recovery systems, are what is used to recover the loss kinetic energy and store it to be used later. My choice of KERS is regenerative braking; there are a few variations which store the energy in different ways. Some store the energy within a battery, some store it in a flywheel, and others can store it with hydraulic motors.
For my application I will be choosing a battery to store the energy within. This will then require a motor to use that energy to help assist the vehicle. HEV have smaller batteries than a plug-in hybrid or a full EV, the battery capacity normally is a maximum of around 2.5Kwh which is around 9MJ this will be more than enough for our vehicle to help assist with low speeds and should not affect the weight of the vehicle as much as a battery for PHEV or EV. 
In addition to the battery a supercapacitor will be used as a buffer, this is not as common in standard road vehicles but within motorsport applications it is beneficial as it can handle sudden increases of power from the regen system and can also deliver the power very quickly. This will allow faster acceleration and reduce battery damage. The efficiency of a supercapacitor is very high around 90%.
The main part of the regen system is the electric motors, these will also act as our kinetic energy recovery system. The motors used will be 100Kw motors, it will be a dual motor setup one on each axle. Using a dual motor setup allows for a larger amount of energy recovered from the tractive energy and it also allows for a better acceleration from low speeds. To recover the energy from the tractive energy the motor is sent a signal while braking, typically from the brake switch and it then switches to act as a generator. 
KER systems are typically advertised as only recovering a maximum of 30% kinetic energy, with our system this will be slightly higher due to the dual motor recovering from both axles. With the addition of a supercapacitor in the system it does allow for better recovery due to the speed of which it can absorb and transmit energy.
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The KER system consists of 3 major components. The battery, the supercapacitor and the motors.
Under braking, the motors act as generators temporarily after receiving a brake signal from the brake switch, this allows them to recover the energy from the rotation under braking. By doing this under braking and not while driving means that there is no additional load on the vehicle while driving and it also slows the vehicle down faster than it normally would, which would be noticed by the driver. This energy is then transferred directly to the supercapacitor which is in place to protect the battery from surges but also to give sudden bursts of power when needed. The energy is then stored in the battery until it is required to be used.
When accelerating the motors would be powered originally with the power within the supercapacitor first, these motors would assist the engine while accelerating. This would be noticeable to the driver as there would be a larger amount of instant torque pulling the vehicle along which gives a faster acceleration but also reduces the fuel consumption in these lower speeds. Once the power from the supercapacitor is used it will draw power from the battery to turn the motors until it reaches a higher speed where the motors will then become idle until the vehicle starts to brake.
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