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[bookmark: _Toc215331592]Introduction
In this assignment, I will investigate and analyse the effects of introducing a Kinetic Energy Recovery System (KERS) to an existing vehicle in order to reduce the vehicle's fuel consumption. To do this, I will first choose an appropriate vehicle which does not have a KER system, so a conventional ICE vehicle. I will then use the WLTP cycle to identify the energy requirements for a KER system and identify a suitable KERS unit that could be implemented onto the vehicle.















[bookmark: _Toc215331593]Vehicle Chosen and its Characteristics
To complete the tasks laid out for me, I have chosen the 2014 Nissan Note (also known as Nissan Versa Note in certain markets). This is because it does not have a KER system already, so it will be easier to have a clear comparison between the base vehicle and one that would have a KER system. Also, the car is mostly used in urban and suburban driving situations, meaning that there is a large amount of energy that can be recovered due to the stop-start nature of these driving situations.
[bookmark: _Toc215331594]Test Mass
The test mass of a vehicle is defined as the sum of the actual mass of the vehicle, 25 kg and the mass representative of the vehicle load (United Nations, 2018). The actual mass of the vehicle is the mass of the vehicle in running order (mostly the same as kerb weight), and the mass representative is the expected mass of the vehicle’s payload when under normal driving conditions (driver, passengers, etc.). For this car, I could not find the mass in running order, however the kerb weight is 1036kg (Automobile Catalog, 2025), and the expected payload is 300kg (4 adults, including driver). With these values, this means that the test mass of the car is 1361kg.
[bookmark: _Toc215331595]Frontal Area
The frontal area of the vehicle is important for this assignment, as it directly affects the drag of the vehicle, which then affects the effort required at the wheels, and therefore also affects the energy required at the wheels and the potential impacts of introducing KER system. There is no available data for the 2014 Nissan Note, however the frontal area for a 2009 Nissan Note is 2.08 m^2 (Nissan UK, 2009). The 2014 Nissan Note’s dimensions and body shape are sufficiently similar that it can be assumed that this value is applicable for the purposes of this assignment. 
[bookmark: _Toc215331596]Rolling Resistance Coefficient
The rolling resistance coefficient of a vehicle is the force at which a tire resists rolling, so the higher the coefficient is, the more resistance there is to rolling. As it is very specific to each tire, it can be assumed that the rolling resistance for this assignment is 0.015, as we do not know the specific tire used for the WLTP.
[bookmark: _Toc215331597]Coefficient of Aerodynamic Drag
The coefficient of aerodynamic drag (Cd) shows how much air resistance a vehicle is subject to. It shows how effective a car is at reducing drag produced, and the lower the Cd, the less drag a vehicle is subject to. The Cd of the Nissan Note is 0.298 (Nissan News, 2014).

















[bookmark: _Toc215331598]WLTP 
To select the appropriate Worldwide harmonised Light vehicle Test Procedure (WLTP) for the Nissan Note, it must be decided what class the vehicle falls into. To do this, the ratio of power (W) to kerb mass (kg) must be found. If it is lower than or equal to 22, it is in class 1. If it higher than 22 and lower than or equal to 34, it is in class 2, and if it is higher than 34, it is in class 3. The Nissan Note’s kerb mass is 1036kg as stated before, and the power of the vehicle is 59 kW (Automobile Catalog, 2025). Therefore, the ratio of power to kerb mass of the Nissan Note is 59000/1036 = 57.95 W/kg, and so the vehicle is in class 3.













[bookmark: _Toc215331599]Cumulative Energy Over WLTP Cycle
[image: A graph of a graph showing the growth of energy

AI-generated content may be incorrect.]Attached to the submission of this assignment is a spreadsheet in which I calculated the cumulative tractive and braking energy required at the wheel over the WLTP cycle for the Nissan Note, which are both plotted on Figure 1. To find these values, I calculated the traction force on a wheel, with positive values being tractive and negative values being braking. I then calculated the power on a wheel in Watts, and as Watts are J/s and each increment is 1 second in the WLTP, it can be converted straight into energy in Joules (J). From this I calculated the sum of both tractive and braking energy, and then converted the results in J to Kilowatt Hours (kWh), which were then plotted onto Figure 1. The cumulative values calculated for tractive and braking energy were 3.316 kWh and 0.668 kWh respectively.[bookmark: _Toc215331560]Figure 1 - A graph to show the cumulative tractive and braking energy required over the WLTP cycle



[bookmark: _Toc215331600]KERS Power and Energy Requirements
To complete this assignment, I will identify a possible KER system that could go onto the Nissan Note, using values previously found, and describing how this could change how the car feels to drive. 
First, identifying the peak braking power at a given time is important in deciding the required charging power capability of a KER system. There are multiple points where there is significant braking power, however the highest is 24.88 kW, which occurs at 796s. This is the minimum value required of the system, and to be comfortable a system should be able to support 30 kW charging power.
Each braking event with consecutive samples was summed to determine the energy contained within each single braking event. The largest of these is at the end of WLTP cycle, where roughly 0.065 kWh is generated. As with the peak braking power, it is wise to use a value higher than the peak so that there is a reduction in losses, so the battery will need at least 0.1 kWh of usable energy capacity.	








[bookmark: _Toc215331601]KER System Identification and efficiencies
Based on the values found for peak braking power and usable energy capacity, I have decided that a battery-based Kinetic Energy Recovery System (KERS) is best to use. This is because this system is already widely used in existing hybrid vehicles that are of similar size and have similar use cases to the Nissan Note. This system contains three main components: a motor, an inverter, and a compact high-power lithium battery.
The motor-generator must be capable of absorbing the peak braking power of 24.88 kW in order to effectively regenerate, so a motor rated for 30 kW is ideal to provide a margin for losses. Motors in vehicles similar to a Nissan Note (small vehicles) usually fall between 20-40 kW (Bosch, 2018), so this is good estimate. A DC/AC inverter is needed to feed the motor, converting between AC and DC power and maintaining a stable voltage (Ehsani et al., 2018).
The largest single braking event provides 0.065 kWh of recoverable energy. The Depth-of-Discharge (DoD) for lithium batteries is 80% of its capacity (Murden, D., 2023). This is to improve the lifespan of the battery, as going too low in the SoC will damage it. So, for this case a battery capacity of 0.1 kWh is required.
The typical efficiency of lithium-ion batteries used in vehicles around 90% (Ritar Power, 2025), while inverters operate at around 95% efficiency (Bosch, 2018), and motor-generators can have up to 95% efficiency (Bosch Mobility, 2025). 
[bookmark: _Toc215331602]Kinetic Energy Recovered and Returned to Wheels
Using the braking energy previously calculated from the WLTP cycle, the total mechanical braking energy available at the wheels is 0.668 kWh. However, not all of this can be returned, as the KER system has thermal, electrical and conversion losses. Assuming the overall efficiency of the KERS is 80%, the total recoverable energy is 0.534 kWh (0.8 x 0.668). This value is the amount of energy that can be stored in the battery and then returned to the wheels under acceleration. Figure 2 shows the cumulative energy recovered across the WLTP cycle. It follows a similar curve to the braking energy curve, however at a reduced rate. This is to be [image: A graph showing a blue line

AI-generated content may be incorrect.]expected, as the efficiency of the KERS causes some energy losses as mentioned previously.[bookmark: _Toc215331561]Figure 2 - A graph to show the cumulative energy recovered during the WLTP cycle










[bookmark: _Toc215331603]System Operation and Driver Feel
The KERS operates by converting mechanical energy into electrical energy during braking and storing this energy in a battery. The motor switches to generator mode during deceleration and the inverter manages the power transfer into the battery. During acceleration, the inverter discharges the battery into the motor, which then provides torque into the powertrain. This reduces the work required from the engine and therefore lengthens the engine’s life. It also improves fuel efficiency and reduces the emissions of a vehicle.
Several assumptions have been made in this report. The vehicle is assumed to run on a completely level ground, and with there being no aerodynamic or rolling resistance changes during braking and acceleration. It is also assumed that during the WLTP, the battery always has enough room in its SoC to take more energy, and that the thermal limits in the motor and inverter are not exceeded. In reality, these parts can often overheat and therefore have less efficiency when they do overheat.
For a driver, the introduction of a KERS will change how the vehicle feels, particularly during braking and low-speed acceleration. This is because regenerative braking systems usually provide stronger initial deceleration than normal friction brakes, which makes the brake pedal feel firmer and more responsive. During acceleration the electric motor provides additional torque to the wheels at low speeds, making the vehicle feel much sharper and like it accelerates more swiftly. Also, there could be a small reduction in engine noise during acceleration, due to KERS being electric. All of these differences are certainly small, however they will all contribute towards a smoother and overall, more enjoyable driving experience, especially in the applications which are expected for a Nissan Note.
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