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[bookmark: _Toc215428311]Introduction
The automotive industry is actively pursuing greater energy efficiency to reduce emissions, driven by both sustainability goals and regulatory requirements. This has spurred an in-depth exploration of technologies designed to enhance energy utilisation. One notable innovation in this area is the Kinetic Energy Recovery System (KERS) (Bai & Liu, 2021), which facilitates energy recovery during acceleration by converting kinetic energy, typically lost as heat, into a usable form.
Initially developed for competitive motorsports, such as Formula 1, KERS has gained traction in hybrid systems and advanced road car propulsion designs. This report aims to examine the impact of integrating KERS on vehicle performance and energy efficiency, in accordance with the Worldwide Harmonised Light Vehicle Test Procedure (WLTP) framework. (RAC, 2025)
The focus of this analysis will be on the Porsche 911 GT3 equipped with a PDK transmission. This vehicle presents an excellent case study due to its exceptional engineering, aerodynamic efficiency, and well-documented performance parameters. The objective is to estimate the potential for recoverable energy and to determine the most suitable architecture and sizing for the KERS implementation.


















[bookmark: _Toc215428312]Dynamic Characteristics of Selected Vehicle
The Porsche 911 GT3 was selected as a base vehicle as it represents a modern, high-performance internal combustion engine without integrated KERS. Its predictable dynamic behaviour and available technical data make it a suitable candidate for theoretical integration of KERS. This vehicle runs with a naturally aspirated flat-6 engine and Rear Wheel Drive; it has a high-rev limit and track-ready braking systems.
Key technical specifications used in this study are summarised below. (Newsroom, 2024)
	Parameter
	Value

	Unladen mass (DIN)
	1479 kg

	Aerodynamic Drag Coefficient (Cd)
	0.35

	Frontal Area (A)
	2.08 m2

	Rolling Resistance Coefficient (Crr)
	0.012

	Test Mass
	1531 kg

	Max Power
	375 kW


[bookmark: _Toc215428076]Table 1 - List of Key Parameters
The GT3 has a maximum power of 375 kW and an unladen mass of 1479 kg. This means it runs within the power ratio for class 3 in WLTP testing.


[bookmark: _Toc215428061]Equation 1 - Power Ratio
Class three requires a power-to-weight ratio of power in watts divided by unladen mass in kilograms greater than 34.













[bookmark: _Toc215428313]WLTP Cycle and Energy Analysis
The model is based on parameters found in the manufacturer's information and general engineering assumptions. The air density is set to 1.225, which is in line with average air density. (Towards Zero, 2024) Based on everyday engineering assumptions, gravitational acceleration is set at 9.81.
[bookmark: _Toc215428314]Longitudinal Force Calculations
Longitudinal forces acting on the vehicle are evaluated at every second of the WLTP cycle.
Rolling resistance is modelled as a constant force associated with tyre deformation and friction, given by

[bookmark: _Toc215428062]
Equation 2 - Rolling Resistance
Aerodynamic drag depends on the square of vehicle speed and is calculated from

[bookmark: _Toc215428063]
Equation 3 - Aero Resistance
Inertial force, arising from speed changes, is determined using the acceleration derived from the WLTP data and Newton’s second law:

[bookmark: _Toc215428064]
Equation 4 - Acceleration Resistance
This term can be positive or negative, depending on whether the vehicle is accelerating or decelerating.
The total tractive force at the tyre contact patch is then found by summing these contributions:

[bookmark: _Toc215428065]
Equation 5 - Tractive Resistance
[bookmark: _Toc215428315]Power at the Wheel
The instantaneous tractive power, which is the force a vehicle can exert to move, is obtained by multiplying the tractive force and speed.


[bookmark: _Toc215428066]Equation 6 - Tractive Power
Positive power corresponds to propulsion, while negative power corresponds to braking. These are obtained in Excel using IF statements. The braking powers are logged as positive values when separated from the tractive power to show the overall braking power.
Because the data are logged every second, the energy remains the same as the power, since each time step is 1. To convert Watts to Joules, multiply the power by the time step. 
[bookmark: _Toc215428316]Cumulative Energy
The cumulative tractive energy, representing the total energy demand at the wheel over the drive cycle, is found by summing all positive driving-energy increments:

[bookmark: _Toc215428067]
Equation 7 - Cumulative Tractive Energy
Similarly, cumulative braking energy provides an estimate of the theoretical maximum energy that a recovery system could capture:

[bookmark: _Toc215428068]
Equation 8 - Cumulative Brake Energy
[bookmark: _Toc215428317]Identification of KERS Opportunities
Braking events are identified when Pbrake > 0. The duration and magnitude of each event allow an estimate of the energy that can be recovered, while the largest continuous braking zone is used to size the storage capacity. The peak braking power across the cycle determines the required power rating for the system. Total braking energy is compared with cumulative driving energy to evaluate potential efficiency improvements.
[bookmark: _Toc215428318]Limitations of the WLTP
The WLTP is not accurate for track driving and therefore can't be used to fully predict track performance or thermal behaviours. It reflects moderate accelerations, low- to mid-range speeds, and extended periods of light-load operation, whereas track cars experience frequent heavy accelerations and high power demands, as well as other factors the WLTP doesn’t account for. These result in much greater thermal stress on the battery, motor, and braking systems. This is fine for the Porsche GT3, as although it is designed to be a track car, it is also completely road legal and often used for long-distance journeys where the KERS integration would work perfectly.






[bookmark: _Toc215428319]Excel Results
[bookmark: _Toc215428320]Tractive Power Profile
The tractive power profile for the Porsche GT3 class 3b cycle was calculated directly from the product of the total resistance and vehicle speed. The resulting trace shows distinct differences between propulsion and braking, with positive values indicating engine power demand and negative values indicating energy dissipation during deceleration.
[bookmark: _Toc215428088]Figure 1 - graph showing tractive power vs time
The tractive power remains relatively low during the initial low phase but increases substantially as it goes through the different stages. The peak tractive energy is 42.574 kW, occurring during rapid acceleration following a low-speed plateau. The aerodynamic contribution, which increases approximately with the cube of velocity as discussed in the Chalmers vehicle-aerodynamics study (VDOVIN, 2015) becomes dominant in the high-speed phases. The overall profile shows distinct periods of steady-speed cruising, intermittent acceleration bursts, and fast transitions between speed plateaus.
[bookmark: _Toc215428321]Braking Power Profile
The braking power was derived from the negative portion of the tractive power. These were turned to positive values to show the magnitude for energy recovery analysis.

[bookmark: _Toc215428089]Figure 2 - Graph showing braking energy
Braking occurs whenever the vehicle speed decreases or when aerodynamic drag exceeds the available engine torque, resulting in a negative tractive power value. The power trace shows that the majority of braking events occur at the transitions between the high and extra high phases, as well as the deceleration portion leading to the end of the cycle. The peak braking power is 29.251 kW, representing the maximum instantaneous power that a KERS unit would be required to absorb. This value is critical for specifying the generator and energy storage interface. 
[bookmark: _Toc215428322]Cumulative Energy
Cumulative tractive energy is calculated from the positive tractive power values to form a continuous curve that rises throughout the WLTP cycle. Cumulative braking energy was calculated from braking power, producing a graph that increases during deceleration and remains constant during steady-speed and accelerating conditions.

[bookmark: _Toc215428090]Figure 3 - Graph shows cumulative braking energy and tractive energy vs time
Sharp increases in the cumulative tractive energy align with the aggressive acceleration phases, while flatter regions correspond to low power cruising. By the end of the cycle, the GT3 requires a total of 12.48 MJ, equivalent to 3.47 kWh, of wheel level energy to compete the WLTP Class 3b drive, this value represent the mechanical energy required to move the vehicle excluding all drivetrain losses. It shows a baseline for evaluating the potential benefits of KER.
The braking energy trace shows several fairly abrupt increases, corresponding with the heavy breaking in the high and extra high phases. By the end of the cycle, the theoretical braking energy available for recovery is 2.97 MJ, or approximately 0.824 kWh. This shows the theoretical amount of mechanical energy if the KERS system was 100% efficient. The actual amount with be lower than this due to losses within the system.
[bookmark: _Toc215428323]Total
The theoretical energy available for recovery, 2.97 MJ, represents the upper limit before efficiency losses. Real-world systems typically recover 60–80%. (Cortes and Amante-Deu, 2023) This aligns with values observed in road-car hybrid systems and in flywheel-based KERS solutions described in open-source technical summaries.
[bookmark: _Toc215428324]Key Braking Points
The WLTP cycle reveals several critical moments of heavy braking, which are prominently marked in orange in Figure 4. These instances provide valuable insight into the maximum power requirements and storage capacity that the KERS must effectively manage. By analysing these key points, one can trace their significance and implications to various other aspects of the system. 
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[bookmark: _Toc215428091]Figure 4 - WLTP key braking points




[bookmark: _Toc215428325]KERS System Design
The purpose of integrating KERS into the GT3 is to recover some kinetic energy that is usually dissipated as heat during braking and re-use it to support propulsion. Under WLTP the vehicle goes under numerous short, high-intensity braking events, providing a lot of opportunities for regeneration to happen.
The system operates in two functional phases. During the regeneration phase, the braking power at the wheels is converted into mechanical or electrical energy and stored in an onboard device. In the boost phase, this stored energy is returned to the wheels to increase engine power during acceleration. An effective system design, therefore, requires three key parameters to be correctly specified:
Power – How much power can be absorbed
Enough storage capacity – how much energy can be stored during a braking event
Efficiency – how much is actually recovered after losses.
[bookmark: _Toc215428326]Selection of KERS 
The chosen system for this application is the flywheel KERS. This system has high specific power, rapid charge/discharge capabilities and proven motorsport relevance. Flywheel energy storage is well-suited to the sharp, intermittent braking spikes observed in the GT3, as shown in WLTP. (Boretti, 2023)
The rationale for this choice is the round-trip efficiency (typically 70-80%), enabling substantial recovery of braking energy compared to other KERS options. The flywheel tends to be much lighter than an equivalent high-power battery. The flywheel has proven itself as a successful system in the Williams F1 programme and the Audi R8 endurance racer.
These characteristics align with the GT3’s high-performance nature, where power and responsiveness are more critical than long-duration energy buffering. Supercapacitors or batteries may be suitable alternatives in more road-going vehicles.
[bookmark: _Toc215428327]KERS Efficiency Assumptions
The overall efficiency of the KERS system depends on several factors, including the motor, the power inverter, and the energy storage system. For a flywheel KERS, typical values are:
Motor-generator – 90-95%
Power inverter – 95-98%
Energy storage – 90-95%
Combining these, the expected efficiency would be around 90%; however, this is just an assumption based on theoretical numbers. It could range anywhere between 70-90% depending on the components used. For design purposes, a value of 80% will be used. 
[bookmark: _Toc215428328]KERS Power Rating (kW)
Based on the WLTP braking power trace, the peak braking power is 29.3 kW. To fully capture this energy, the flywheel KERS is specified at 30 kW. This would provide a slight design margin. This rating determines the required size of the motor-generator, power electronics, and mechanical flywheel.
[bookmark: _Toc215428329]Energy Storage Requirements
The largest single braking event determines the storage capacity. This follows the approach used in WLTP energy-flow analyses (UP Porto, 2020).
A major braking event in the GT3 WLTP cycle lasts approximately 2–3 seconds. With a 30 kW power rating:

Cumulative braking-energy spikes in the dataset indicate event energies of 0.02–0.05 kWh, consistent with published flywheel KERS sizing for performance vehicles (Williams Hybrid Power, 2011).
Thus, a sensible storage capacity is:

[bookmark: _Toc215428330]Actual Energy Recovered After Losses
The WLTP dataset gives a total theoretical braking energy of:

Applying the chosen flywheel efficiency of 75% gives:

Recovered energy of ~0.6 kWh per WLTP cycle is consistent with typical regenerative-braking recovery ratios of 20–30% (E. Halshaw, 2023).







[bookmark: _Toc215428331]Impact on Vehicle Behaviour and Driver Experience
[bookmark: _Toc215428332]Braking Feel 
Integrating a KERS adds regenerative braking, which changes how the braking system behaves. At low to medium deceleration, the KERS provides some braking torque, which can lighten the pedal feel. During heavy braking, the hydraulic brakes still dominate because regenerative braking is limited by tyre grip and the KERS power rating. The blend between regen and friction braking must be well calibrated so the driver experiences a consistent, predictable pedal response.(Bosch, 2025)
[bookmark: _Toc215428333]Handling and Weight
KERS, unfortunately, adds weight from the motor-generator, flywheel, and cooling system. The GT3, like other high-performance cars, is very sensitive to weight distribution, so mispositioning the system can significantly affect the car's balance and overall behaviour. Ideally, the system is mounted low and near the centre of the vehicle to minimise the changes to the centre of gravity and polar inertia.
[bookmark: _Toc215428334]Power Delivery
When discharging, KERS provides a valuable surge of power, enhancing acceleration and delivering an exhilarating driving experience. Flywheel and supercapacitor systems excel in their ability to supply energy with remarkable speed, resulting in enhanced throttle response that thrills performance enthusiasts. In contrast, battery systems offer a more refined approach, delivering power in a smoother, lower-peak manner, making them particularly well-suited for comfort-oriented road cars that prioritize a serene and enjoyable ride.
[bookmark: _Toc215428335]Thermal and Mechanical Demands
High-power regenerative braking generates considerable heat within the inverter, motor, and energy storage components. In a GT3 designed for high-performance, aggressive driving, the existing thermal load is already substantial. Consequently, enhanced cooling solutions are likely necessary to effectively manage the additional heat generated during intense driving conditions.












[bookmark: _Toc215428336]Conclusion
A flywheel KERS offers an effective and well-matched option for the Porsche 911 GT3, capable of recovering up to 18% of the otherwise lost energy without compromising the car’s dynamic character. The GT3’s short, high-power braking patterns align well with the outcomes of the flywheel KERS, which offers the energy back quickly and sharply. A compact 30 kW unit with modest storage capacities would capture the majority of the recoverable energy. With careful integration that preserves the braking feel and overall car behaviour, KERS can offer efficiency while adding measurable performance benefits. 
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