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Introduction
In this assignment I will be using a range of different data as well as the Worldwide Harmonised Light Vehicle Test Procedure (WLTP) to find out how to implement a KERS system into a conventional vehicle and when it should be used when driving.

Vehicle Characteristics
For this assignment, a 2011 Audi S3 (8P) manual was chosen as the baseline vehicle for evaluating the effectiveness of a Kinetic Energy Recovery System (KERS). This car was chosen as it is a somewhat high-performance, turbocharged hatchback but with a relatively high mass and power output, making a suitable option for analysing the benefits of a KERS system especially during braking. 
[bookmark: _Int_BFnZW4P1]The first key piece of data that is required is the test mass. This mass is not kerb mass but rather the weight in which it would be as if it were being driven in an everyday scenario. Its kerb mass is roughly 1455KG (Automobile-Catalog, 2023) but for the test mass it would be 1580KG with the addition of a driver, passengers, luggage and fuel. The next set of data required would be the frontal area as well as the coefficient of aerodynamic drag. The drag coefficient for the S3 is approximately 0.33 and has a frontal area of roughly 2.1m2 (Carfolio, 2023). The final piece of data required is rolling resistance. For the S3 the rolling resistance is estimated be around 0.012.

WLTP and Spreadsheet
In order to find the best possible way to implement a KER system into my chosen vehicle a WLTP was chosen and conducted on the chosen vehicle in order to gather a wide range of data that could be used and interpreted to find out when KERS is best used through the test cycle. In the case of this vehicle the WLTP Class 3 test cycle was chosen. This cycle contains numerous different phases at different speeds for different durations of time and allows for insights into where best KERS may be deployed. 
There are a series of data sets that were created as well as a series of graphs to go with them. This is a link to the entire spreadsheet to allow for easier viewing: 
[bookmark: _Int_WDEWPho3]The first two graphs that were made in order to find out when to deploy KERS were tractive forces graphs. The first image below shows the total tractive forces on the vehicle through the test cycle. This implements all the different forces acting upon the vehicle throughout the test and allows for identification of the best moment to harness potential energy
[image: ]
The next graph shows the tractive power through the test. This graph shows how much energy is required through the test for the vehicle to achieve the test speeds. This graph also shows where there is the opportunity to capture energy that is being lost through the vehicles braking system. In the graph below you can see flat spots where the vehicle is not required to use power, and these are the points in which KERS could potentially be utilised.
[image: ] 
And the final two main graphs that were plotted were cumulative tractive force and cumulative braking force. Below is the graph with both data sets plotted onto it allowing for comparison between the two. The blue line represents the tractive energy being used throughout of the test and the red line represents the braking energy throughout the test.  [image: ]
From these graphs and the data gathered by completing the WLTP we can find out when best to capture energy using a KER system.

KER System
After conducting analysis of the WLTP Class 3 cycle chosen for this vehicle it shows that the most effective opportunities for KERS deployment occur during the short but frequent deceleration phases where braking power reaches its highest values. The braking power trace indicates a clear peak of approximately 30 kW during the low-speed section of the cycle, specifically between 17 s and 22 s, where speed falls from around 27 km/h to 21 km/h. This period represents the largest single recovery window and corresponds to the highest recoverable energy event measured in the cycle at approximately 0.125 kWh. Since it would be most efficient for energy in each braking event to be used before the next, this braking interval sets the upper limit for the KERS storage requirement. In practical terms, KERS deployment should be concentrated during decelerations where the braking power rises sharply, as this maximises energy capture without exceeding component limits. Conversely, the recovered energy should be returned to the drivetrain as soon as the next acceleration phase begins, particularly during the low-speed acceleration segments that immediately follow each braking event. This ensures that the stored energy is utilised efficiently, reduces load on the combustion engine, and maintains compliance with the assumption that storage is emptied between regeneration events. 

KERS Implementation and Components
A small, battery-based KERS is suitable for the Audi S3 because it can meet the power and energy demands from the WLTP analysis without major changes to the vehicle layout. From the spreadsheet results, the peak braking power available for recovery is about 30 kW, and the largest single braking event stores roughly 0.13 kWh of energy. From this, a permanent magnet synchronous motor-generator (PMSM) rated at around 35 kW peak and 15–20 kW continuous would be appropriate, mounted on the gearbox input shaft or crankshaft so it can both generate power during braking and provide torque assist during acceleration (Gillespie, 2018; Ehsani et al., 2022). A typical automotive example would be a compact integrated starter-generator as used in mild-hybrid systems. To handle the power levels, a DC link voltage of around 300–350 V is reasonable; at 320 V, 30 kW corresponds to just under 100 A, which is achievable with standard automotive inverters and cabling (Ehsani et al., 2022).
Because the maximum recovered energy per event is small, the energy storage system does not need a large capacity, but it must accept high charge and discharge power. A lithium-ion battery pack of about 0.3 kWh using high-power cells would provide enough margin above the 0.13 kWh requirement to allow for state-of-charge limits, ageing and efficiency losses (Chan, 2013). Typical efficiency assumptions for the system are 92–95% for the motor-generator, 95–97% for the inverter, and 90–95% round-trip efficiency for the battery at high C-rates (Ehsani et al., 2022). When combined with driveline losses, this gives an overall KERS round-trip efficiency of roughly 70–80%, which is consistent with reported values for production hybrid and regenerative braking systems (Chan, 2013; Hucho, 2018). These component ratings and efficiencies provide a realistic basis for estimating the fuel-saving potential of the proposed KERS on the WLTP cycle.
Below is a graph showing the kinetic energy that would be recovered being reapplied back into the vehicle through the wheels to the road.[image: ]
System Operations and Driver Feel
The kinetic energy recovery system considered in this report functions by capturing a proportion of the vehicle’s kinetic energy during deceleration and storing it for later use. Under braking or lifting off the throttle, the motor–generator unit (MGU) is driven by the rotating drivetrain and operates in generator mode. The mechanical power transmitted to the MGU is converted into electrical power and stored in a high-power lithium-ion battery. When the driver demands acceleration, the same machine operates as a motor, returning the stored energy to the wheels and thereby reducing the tractive effort required from the internal combustion engine. In this way, the KERS supplements the engine during transient load increases and reduces the overall fuel consumption for the cycle. As the WLTP Class 3 cycle is characterised by short braking intervals spaced closely together, the system undergoes frequent charge–discharge cycles, with the stored energy from each event being used almost immediately in the subsequent acceleration phase.
[bookmark: _Int_fdxpuTWQ]A number of assumptions were required to support the analysis. The combined round-trip efficiency of the MGU, inverter, battery and associated drivetrain losses was assumed to be approximately 75%, which aligns with values reported for modern regenerative braking systems. It was also assumed, in line with the assessment specification, that the energy recovered in one braking phase is fully utilised before the next braking phase occurs. Thermal limits, degradation effects and state-of-charge constraints were not explicitly modelled, and the WLTP Class 3 cycle was treated as sufficiently representative of real-world low- to medium-speed operation for the purposes of estimating energy recovery potential. These assumptions simplify the analysis but remain reasonable given the modest energy amounts involved and the short duration of each braking event.
From the driver’s perspective, the presence of the KERS produces some differences compared with a conventional ICE vehicle that relies solely on friction braking. During early or light brake application, a proportion of the braking torque is provided by the MGU operating in generator mode, which can give the initial deceleration a smoother and slightly more progressive feel. Under heavier braking, the mechanical friction brakes continue to dominate, ensuring that stopping performance remains comparable to a standard vehicle. During acceleration, the release of stored energy through the MGU can improve low-speed responsiveness and reduce the load on the engine, resulting in a more refined and less strained power delivery. These effects are generally subtle, and the overall driving experience remains familiar, although the vehicle may feel marginally more responsive following a braking event due to the immediate availability of recovered energy.

Conclusion
[bookmark: _Int_t5JesVNx]This report has looked into the feasibility and impact of integrating a kinetic energy recovery system into a 2011 Audi S3 using the WLTP Class 3 drive cycle as the basis for analysis. By calculating the tractive forces, power demands and braking energy across the cycle, it was possible to build a clear picture of both the intensity and distribution of energy available for recovery. The results showed that although the braking events in WLTP are relatively short, they occur frequently enough to offer consistent regeneration opportunities, with a maximum single-event recovery of approximately 0.13 kWh and a peak braking power of around 30 kW. These values informed the specification of an appropriate KERS, leading to the selection of a compact 35 kW motor–generator, matched with a small high-power battery of around 0.3 kWh. This configuration is sufficient to capture the available braking energy without excessive mass or packaging penalties, while remaining consistent with typical mild-hybrid architectures.
The analysis also demonstrated that, even with modest individual energy events, the cumulative benefit of repeated regeneration can support meaningful reductions in engine load during acceleration phases. The assumed round-trip efficiency of roughly 75 per cent is realistic for current automotive systems and allows for reasonable estimates of the performance contribution the KERS can make. Although the energy amounts are modest, their frequent use across the cycle leads to a noticeable reduction in the tractive energy that must be supplied by the engine. This reinforces the principle that regenerative braking is particularly effective in stop–start and low-speed driving conditions.
In addition to the technical findings, the study considered the operational behaviour of the KERS and its influence on the driving experience. While the system does not fundamentally change how the vehicle is driven, it does alter both deceleration and acceleration characteristics. Regenerative braking smooths the initial phase of braking, and the stored energy offers improved throttle response immediately after a braking event. These differences align closely with driver impressions reported for modern mild-hybrid vehicles, suggesting that the system would integrate well with the existing character of the Audi S3.
Overall, the investigation shows that a KERS of this scale is practical, technically justified and capable of delivering worthwhile efficiency gains without compromising vehicle performance or drivability. The approach taken—combining real drive-cycle analysis with component-level sizing—provides a sound framework for assessing similar systems on other vehicles. With further refinement, such as detailed thermal modelling or long-term degradation studies, the design could be developed to production-level fidelity. However, even within the scope of this work, the outcomes clearly demonstrate that a small, well-matched KERS can contribute meaningfully to energy efficiency in a performance-focused road car.
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Cumulative Tractive and Braking Engergy vs Time
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