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1. [bookmark: _Toc215159494]Introduction
The purpose of this paper is to analyse, design, and evaluate a suitable Kinetic Energy Recovery System (KERS) and apply it to a modern vehicle. For this project, I have selected the 2024 Ford Mustang S650, chosen both for its impressive performance characteristics and because it is a personal favourite of mine. Using this vehicle as a case study helps maintain interest in the technical aspects, while also allowing the system to be evaluated within the context of a realistic high-performance road car.
A Kinetic Energy Recovery System works by capturing energy that would normally be wasted during braking. Under normal operation, friction brakes convert the vehicle’s kinetic energy into heat, which then dissipates into the atmosphere. KERS offers an alternative approach by using a motor-generator to resist wheel rotation during braking and convert kinetic energy into electrical energy. This electrical energy can then be stored in a battery or supercapacitor and later redeployed to assist vehicle propulsion.1.1 This process reduces the demand on the internal combustion engine (ICE), improving fuel efficiency and lowering emissions.
Another type of KERS stores braking energy mechanically using a flywheel. In these systems, a high-speed rotating mass absorbs braking energy and releases it during acceleration. Although mechanical systems can be highly efficient, electrical systems tend to be favoured for modern road vehicles because they integrate easily with existing power electronics and allow for flexible energy management.
The environmental and economic benefits of KERS are widely recognised. Capturing braking energy reduces fuel consumption over a typical drive cycle, lowering both running costs and emissions. Because the system operates automatically, drivers do not need to modify their driving style to benefit. This is why KERS technology, first popularised in motorsport such as Formula 1, has now become an important part of hybrid vehicle development and is increasingly relevant for high-performance cars.1.1
This project uses WLTP (Worldwide Harmonised Light Vehicle Test Procedure) data to determine how much energy is required to propel the vehicle and how much energy can be recovered during braking. WLTP provides a standardised testing method for emissions and energy usage, ensuring that the final system specifications are based on realistic driving conditions.4.1 The next sections identify the key characteristics of the Mustang required for this analysis, before developing the spreadsheet and system design.
2. [bookmark: _Toc215159495]Characteristics of vehicle 
Before the KERS can be designed, the physical characteristics of the vehicle must be established. These values determine the resistive forces acting on the car, the tractive force required to move it, and the total potential for energy recovery.
The first essential parameter is the test mass. Several definitions exist—unladen mass (UM), kerb mass, gross vehicle weight, and test mass—and it is important to select the right one for WLTP calculations. Test mass is defined as the unladen mass plus optional equipment mass, an additional 100 kg to account for driver and test equipment, and then a further 15% for additional load.2.1 For the 2024 Mustang S650, the unladen mass is 1808 kg, with optional mass included in that figure.2.2 The WLTP test mass calculation is therefore:  Test Mass=(1808+100)×1.15=2194.2 kg. This mass affects the vehicle’s inertia, braking forces, rolling resistance, and the energy storage required for the KERS.
Next, the frontal area must be determined. Aerodynamic drag depends heavily on this value. The Mustang has a width of 2097 mm and a height of 1414 mm.2.2 Multiplying these values gives a frontal area of 2.97 m².
The rolling resistance coefficient (Cᵣ) describes the energy lost as tyres deform and recover while rolling. For typical road tyres on asphalt, a value of around 0.02 is commonly used.2.3 Although rolling resistance plays a smaller role at higher speeds (where aerodynamic drag dominates), it significantly influences low-speed energy consumption.
The final input is the aerodynamic drag coefficient (C_d). The Mustang’s drag coefficient is 0.32, a typical value for modern performance coupes.2.4 When multiplied by the frontal area and air density, this allows aerodynamic drag to be calculated at any speed.
Due to its test mass and performance characteristics, the Mustang is classified under WLTP Class 3, which uses the highest-speed variant of the WLTP test cycle.4.1 With these values established, the vehicle can be modelled accurately in the spreadsheet.
3. Spreadsheet
To calculate the braking and tractive energies throughout the WLTP driving cycle, a detailed spreadsheet was constructed. This spreadsheet models the vehicle’s behaviour at each timestep and forms the analytical foundation for the KERS design.
The WLTP cycle consists of a speed-time trace representing realistic driving behaviour across low, medium, high, and extra-high-speed phases. Using this data, acceleration is calculated by taking the change in speed between each timestep. From this, the resistive forces acting on the vehicle can be found rolling resistance, aerodynamic drag, and inertial force due to acceleration.
Rolling resistance is calculated using the rolling resistance coefficient, test mass, and gravity. Aerodynamic drag is determined using frontal area, drag coefficient, air density, and the vehicle’s speed. The inertial force is simply mass multiplied by acceleration. Adding these three forces together yields the total tractive force required at that moment in the cycle.
To find tractive power, the tractive force is multiplied by the speed. When this value is positive, the vehicle requires power to maintain or increase speed. When the value becomes negative, the vehicle is decelerating, and the negative power represents braking power that can potentially be recovered by the KERS.
The spreadsheet identifies each braking event by marking periods where tractive power falls below zero. During these events, the magnitude of negative power is recorded and integrated over time to determine braking energy. Only one event at a time is considered for storage, following the project instructions that recovered energy is used before the next braking period begins.
The spreadsheet also generates cumulative tractive and braking energy graphs, allowing the energy distribution over the entire WLTP cycle to be visualised. From the results, the maximum braking power of 35,661 W was identified. This value sets the minimum power requirement for the KERS motor-generator and power electronics. The largest identified braking event determines the minimum energy storage requirement for the KERS.
4. System Specifications
Based on the spreadsheet data, the KERS must be able to absorb a peak braking power of 35,661 W. After accounting for system efficiency and design margin, the components must safely handle between 36–40 kW.4.3 Regenerative systems typically operate with an overall efficiency of around 85% due to losses in the motor-generator, inverter, and storage system.4.4 Applying this to the peak braking power gives an electrical input power of around 30.3 kW.
To ensure reliability, a safety margin of 20% is added, resulting in a recommended KERS power capability of approximately 36–40 kW. This ensures the system can capture the full available braking energy under all WLTP conditions.
The energy storage requirement is determined by the largest single braking event. Typical braking events on a WLTP Class 3 cycle require between 0.1 and 0.2 kWh of usable storage.4.5 A hybrid storage system is recommended: a supercapacitor bank to absorb high instantaneous power and a small battery (around 1 kWh) to store and redistribute energy between events.4.6 Supercapacitors are ideal for handling peak charging power because they have very high charge acceptance rates, while the battery serves as a longer-term buffer.
Therefore, the recommended KERS architecture consists of: A motor-generator with at least 40 kW peak regenerative power, A bi-directional inverter rated for 36–40 kW, A supercapacitor module offering 0.15–0.20 kWh usable storage, A small auxiliary battery (~1 kWh) for load-levelling, HV cabling and contactors rated above 150 A, This combination provides a practical and efficient KERS suitable for the Mustang.

5. System Operation and Driver Perception
The KERS operates by converting braking energy into electrical energy using a motor-generator. When the driver applies the brakes, the motor-generator works in generator mode, resisting wheel rotation and producing electrical power. This power passes through a bi-directional inverter and is stored either in the supercapacitor bank or the battery, depending on the current system state.4.7 When the driver accelerates again, this stored energy is delivered back through the motor to assist the engine, improving efficiency.
Several assumptions were made in this analysis. It is assumed that the recovered energy from each braking event is fully used before the next event. The combined electrical efficiency is taken as approximately 85%, which is consistent with modern hybrid systems.4.4 It is also assumed that the braking system automatically blends regenerative and friction braking to maintain predictable brake feel.
From the driver’s perspective, a vehicle equipped with KERS behaves slightly differently than a traditional ICE vehicle. During braking, the pedal may feel smoother or more progressive because the initial deceleration is provided electrically rather than hydraulically. If the storage system is full, regenerative braking may reduce and friction braking increases, creating a subtle but noticeable variation in pedal feel.4.8
Acceleration may also feel more responsive, especially at lower speeds where electric torque delivery is strongest. However, these effects are subtle, and modern control systems are designed so that most drivers will hardly notice the system operating. Instead, they will simply experience smoother driving and improved fuel economy.

6. Final System Design
Combining the results from the WLTP analysis, component sizing, and operational characteristics, the final proposed KERS for the Mustang is a hybrid electrical system consisting of: A 40 kW peak motor-generator, A 40 kW bi-directional inverter, A 0.15–0.20 kWh supercapacitor module, A 1 kWh lithium-ion battery pack, 400 V DC bus architecture, High-current cabling rated for 150 A+.
This system provides the efficiency benefits of supercapacitors for rapid charge/discharge and the energy-holding capacity of a small battery. The system is suitable for repeated WLTP Class 3 braking events and integrates well with the high-performance nature of the Mustang.
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