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1. Introduction
This report investigates the practicality and influence of integrating a kinetic energy recovery system (KERS) into a first generation Peugeot 208 1.0L to enhance its mechanical and electrical efficiency. The analysis utilises the Worldwide Harmonised Light Vehicle Test Procedure (WLTP) cycle to quantify the vehicle’s energy demands and recovery opportunities.
Key vehicle parameters, including test mass, frontal area, aerodynamic drag coefficient, and rolling resistance, are researched to ensure accurate dynamic modelling. Using a WLTP spreadsheet, the vehicles dynamics over the cycle are studied, calculating a number of variables to provide a comprehensive analysis of moments when a KER system could be beneficial. Instances of peak braking power and energy storage requirements are identified to define the specifications for the KERS components.
A flywheel-based KERS is proposed, with components sized to handle the vehicle's energy demands efficiently. The system design prioritises durability, efficiency, and practical integration into the drivetrain while maintaining minimal driver impact. The report concludes with an evaluation of the system's practical viability, driver experience.

1.1 Assumptions
There are a number of assumptions in this report. They are as follows:
1. Braking energy is fully recoverable under ideal conditions.
This assumption is reasonable for theoretical modelling as it sets an upper limit for energy recovery. In real-world applications, losses due to heat, friction, and inefficiencies would reduce this value, but modelling the ideal scenario provides a baseline for system sizing and performance analysis.
2. Rolling resistance remains constant throughout the WLTP cycle.
Rolling resistance depends on tyre-road interaction, which is relatively stable under standardised conditions like the WLTP cycle. While variations may occur due to temperature or surface irregularities, these are minimal and do not significantly impact the overall energy balance in this context.
3. The system's design prioritises efficiency, durability, and integration with the existing drivetrain.
Emphasising these factors aligns with real-world vehicle requirements, particularly for urban and suburban driving. High efficiency ensures effective energy recovery, durability minimises maintenance needs, and drivetrain integration maintains driver comfort and vehicle compatibility.
4. The fuel efficiency for the petrol used in the 208 is 25%.
A 25% thermal efficiency for petrol engines is common for small, naturally aspirated engines like the 208’s (Peugeot Sport Club UK, n.d.). This provides a realistic basis for estimating energy savings and system benefits.

1.2 WLTP overview
The WLTP is a globally standardised method used to evaluate fuel consumption, CO2 emissions, and energy usage in light-duty vehicles. It incorporates a series of tests designed to replicate typical driving conditions in varying environments, with specific phases for acceleration, deceleration, and constant speeds. It aims to better reflect the actual driving patterns and environmental factors that vehicles experience, offering a more realistic measure of fuel efficiency and emissions. The Peugeot 208 used in this analysis is classified as a class three vehicle under the WLTP, defined as vehicles with a power-to-mass ratio greater than 34 kW/tonne and a top speed of more than 120 km/h (Dewetron, 2023). This classification ensures that the vehicle’s testing conditions are representative of the real-world performance expected from similar vehicles in its category. The WLTP test includes urban, extra-urban, and motorway driving cycles, capturing a full spectrum of real-life driving conditions.

1.3 KERS overview
KER systems are technologies designed to capture and reuse energy generated during braking, which would otherwise be lost as heat. They help to boost performance, particularly during acceleration, and reduce fuel consumption (MathWorks, n.d.). The main types of KERS are mechanical (typically flywheel-based), supercapacitor and battery operated. Flywheel KERS use a high-speed spinning flywheel to store energy mechanically, offering rapid charge and discharge cycles. This makes it ideal for motorsport applications, such as Formula 1, where immediate power is critical (Sakar, 2016). Supercapacitor KERS store energy electrostatically and excels at providing quick bursts of power, often used in urban transport like buses due to its durability and lightweight design. Battery-based KERS, typically using lithium-ion batteries, stores energy chemically and is common in hybrid and electric road cars. While it offers higher energy density for longer storage, it charges more slowly and degrades over time. Each type is suited to specific needs, balancing performance, efficiency, and practicality.

2. Vehicle
2.1 Selected vehicle
The vehicle I have selected is the make one Peugeot 208 1.0L I3 VTi, first produced in 2012. I chose to study this car because I own one, thus giving me more familiarity with the model than other options. The study focuses on energy efficiency, an area that could the 208 could certainly improve, so I thought it would be interesting to explore this aspect.

2.2 Vehicle dynamic characteristics
The Peugeot 208 has the following dynamics characteristics (AutoData, 2012):
Test mass = 1325 kg
Frontal area = 2.03m2
Coefficient of rolling resistance = 0.008
Coefficient of drag = 0.29

2.3 Tractive forces
Figure 1 highlights the 208’s tractive forces over the 1800 second WLTP cycle. Acceleration resistance dominates during periods of increased speed, as seen in the frequent spikes in total tractive force. Rolling resistance remains steady, contributing a consistent load, while aerodynamic resistance gradually increases with speed, adding a predictable component to the overall force. The alignment between acceleration resistance and the total force profile highlights the car’s strong response to acceleration inputs. This suggests that the vehicle is well-suited to handling frequent changes in speed, with the powertrain efficiently managing the applied forces.
[image: ]Figure 1. Tractive forces graph against elapsed time over the WLTP cycle.

Figure 2 provides a detailed view of the vehicle's energy demands across the WLTP cycle. The sharp peaks in power output indicate periods where the vehicle requires substantial energy to overcome inertia and accelerate, reflecting its responsiveness during these phases. Conversely, the significant drops into negative power signify moments of braking, where energy is dissipated, or potentially recovered in a regenerative system. The fluctuations in power output across the test reflect the vehicle's capability to handle continuous shifts in load effectively, showcasing a robust powertrain. These power patterns suggest the 208 is designed to balance energy delivery and recovery efficiently, ensuring reliable performance throughout varying conditions in the cycle.
[image: ]Figure 2. Tractive power graph against time.
3. Kinetic Energy Recovery System (KERS)
3.1 Maximum power and energy
The largest possible KERS power input occurs at 1732 seconds into the WLTP cycle. At this moment, the power input is 31.98 kJ, and occurs at a velocity of 33m/s (or 119km/h), while decelerating at 0.71m/s2 (or 2.55km/h/s). 
The energy storage requirement for this car would be 1404.38kJ. This is determined at 1795 elapsed seconds, when the vehicle is decelerating at 0.72m/s2 (or 2.6km/h/s). The vehicle has a velocity of 0m/s, but is still actively decelerating.
3.2 KER System
For a Peugeot 208 with the energy requirements listed in 3.1, a flywheel-based kinetic energy recovery system would be suitable. This KERS captures kinetic energy during braking and stores it in a high-speed flywheel. The system comprises a motor generator unit (MGU), a vacuum-enclosed flywheel, and a clutch mechanism. During braking, the MGU slows the vehicle by converting its kinetic energy into rotational energy, spinning the flywheel. As the car accelerates, the stored rotational energy is returned to the drivetrain via the clutch and MGU (Mathews, 2013).

3.3 KERS Power Rating
The Peugeot 208’s calculated maximum KERS power input during braking is 31.98 kW, which determines the minimum required power rating for the system. This rating ensures that the system can efficiently handle the vehicle’s braking energy without exceeding its operational limits. The power rating also influences the sizing and selection of components like the flywheel, motor-generator unit (MGU), and power electronics. For optimal performance and durability, a KERS should be designed with a slightly higher power rating than the peak requirement, providing a safety margin and accommodating variations in driving conditions.

3.3 Flywheel KERS components
3.3.1 Flywheel
The flywheel stores braking energy as rotational kinetic energy. Its design minimises friction by operating in a vacuum chamber, with materials like carbon composites enhancing durability and efficiency, which I have assumed to be 95%. Sized to store 1404.38 kJ as per my calculated energy storage requirement, it achieves this through high rotational speeds, utilising compact dimensions to meet the 208’s energy demands.
A carbon fibre flywheel would have a diameter of approximately 0.4m, and the thickness would vary depending on the inertia. For a system with the inertia below, a thickness of ___ would be suitable. Assuming a rotational speed of 10 000 rpm (1047 rads/s) (Aktaş, 2021), the moment of inertia of the flywheel =
 =  = 2.65kg m2
3.3.2 Motor generator unit
The MGU serves two main functions: recovering energy during braking and delivering it back to the drivetrain. It must handle the peak power of 31.98 kW efficiently, assumed to be 85%. Its compact design ensures seamless integration with the flywheel and drivetrain, providing rapid response for energy transfer. A compact permanent magnet synchronous machine (PMSM) MGU model would be the ideal choice, widely used for high torque and regenerative applications, weighing approximately 20kg, dependant on numerous factors.
3.3.3. Vacuum chamber
Enclosing the flywheel in a vacuum significantly reduces air drag and maintains its high rotational efficiency, that I placed at 95%. This chamber also protects the flywheel from external environmental factors, reducing wear and preventing rust. For peak performance, the chamber would be constructed from a lightweight composite with a diameter slightly larger than the flywheel, likely around 0.55 m.
3.3.4 Clutch system
The clutch links the flywheel to the powertrain, engaging during braking to transfer energy to the flywheel and disengaging to prevent unnecessary drag. With an assumed efficiency of 90%, it ensures smooth energy transfer while adapting to varying driving conditions. Ideally, this would be a compact dual-plate clutch system optimised for intermittent engagement.
The torque capacity of the clutch system should match that of the flywheel during energy transfer. To calculate:
 =  = 30.5 Nm
3.3.5 Lithium-ion battery
The lithium-ion battery serves as the key energy storage component, efficiently capturing and releasing energy during braking and acceleration cycles. The battery stores the converted rotational energy generated by the flywheel as electrical energy, to be reused my the clutch system. Sizing the battery involves balancing its capacity to store energy with the power demands of the system, typically ensuring it is small enough to integrate into the vehicle while providing sufficient storage to maximise recovery and usage during varied driving conditions. The high efficiency of the lithium-ion battery helps reduce losses, making it an ideal choice for improving the overall energy recovery system's performance.
3.3.6 Control unit
The electronic controller manages the engagement timing of the clutch, optimising energy recovery and deployment. It integrates with the vehicle’s braking system, ensuring precise operation and driver safety.

3.4 Tractive and regenerative power
Figure 3, below, examines the impact of the flywheel-based KERS on regenerative power and tractive energy. The flywheel KERS performs well, significantly reducing tractive energy demand post-KERS compared to the pre-KERS baseline. However, the gap between possible and actual regenerative power reveals some inefficiencies, likely due to mechanical losses or operational limits in the flywheel system. Despite this, the actual regenerative power closely follows the ideal curve for much of the cycle, demonstrating the system's strong response to frequent braking events. This suggests that while there is room to optimise the system to capture more energy, the current implementation is already an effective tool for improving energy efficiency.
[image: ]Figure 3. Graph showing possible and actual regenerative power with pre- and post-KERS tractive energy against elapsed time
3.5 Practical Viability
The flywheel system is highly practical for urban driving, particularly in a small, low-powered vehicle like the 208. It is durable and maintenance-friendly, with no chemical degradation over time, unlike that experienced by traditional batteries. Drivers may notice smoother deceleration during braking and an immediate power boost during acceleration, enhancing the vehicle's responsiveness. However, the system may add a slight whirring noise from the flywheel, which could differ from the conventional ICE and friction brake experience (Christian, 2024). Overall, the system offers improved fuel efficiency, reduced emissions, and a smoother integration into the existing drivetrain.

4. Conclusion
The integration of a flywheel-based KERS into the Peugeot 208 is an opportunity for a significant improvement to energy efficiency and fuel consumption. The system's design effectively captures braking energy, aligning with the vehicle's WLTP cycle characteristics. By optimising energy recovery and redistribution, the KERS reduces engine workload, enhancing both drivability and overall sustainability.
Although the system introduces minor variations in driver experience, such as a difference in deceleration smoothness and a subtle mechanical noise, these changes are outweighed by its economic and environmental benefits. The flywheel's robust and low-maintenance design ensures long-term performance with minimal degradation, making it a practical solution for urban and suburban driving scenarios. This analysis highlights the potential of mechanical energy storage systems as a viable alternative to traditional and battery-based regenerative systems in small passenger vehicles.
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