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[bookmark: _Toc184559532]Introduction
This report evaluates the implementation of a Kinetic Energy Recovery System (KERS) in the Volkswagen Golf R-Line Petrol, focusing on improving fuel efficiency and reducing emissions. The study analyses energy recovery potential during braking phases over the WLTP Class 3 cycle.
The objectives are:
1. Analyse tractive and braking energy requirements.
2. Design and size a KERS system.
3. Evaluate the practical implications of KERS on vehicle performance.
KERS converts braking energy into usable energy for propulsion, reducing reliance on the internal combustion engine.
[bookmark: _Toc184559533]Vehicle Characteristics and WLTP Cycle
[bookmark: _Toc184559534]Vehicle Specifications
The Volkswagen Golf R-Line Petrol has the following specifications:
· Test Mass: 1,501 kg (including driver weight).
· Frontal Area: 2.255 m².
· Rolling Resistance Coefficient: 0.0055.
· Aerodynamic Drag Coefficient: 0.275.
[bookmark: _Toc184559535]WLTP Class 3 Cycle
The WLTP Class 3 cycle simulates real-world driving conditions, including varying speeds, stops, and accelerations. This test cycle is essential for evaluating energy recovery potential during braking phases. My Volkswagen Golf Mark 8 R-Line 1.5L Petrol comes under this class in the WLTP.




[bookmark: _Toc184559536]Tractive and Braking Energy Analysis
[bookmark: _Toc184559537]Key Forces Acting on the Vehicle
1. Aerodynamic Drag:
Fdrag = 
Drag increases exponentially with speed.
2. Rolling Resistance:
Frolling = 
This is constant under normal conditions.
3. Acceleration Resistance:
Facceleration= 
[bookmark: _Toc184559538]Graphs and Results
· Tractive Force vs Time: 
This graph illustrates the variation in tractive force required by the Volkswagen Golf R-Line Petrol over the WLTP cycle. Low tractive force periods, typically below 200 N, occur during steady cruising phases, where resistance is primarily due to rolling resistance and aerodynamic drag, offering minimal opportunities for energy recovery. In contrast, high tractive force peaks exceeding 400–600 N are observed during acceleration phases, indicating periods of increased energy demand to overcome inertia and achieve higher speeds. Sharp declines in tractive force, such as those occurring after these peaks (e.g., around 1600 seconds), correspond to braking or deceleration events where energy dissipation is significant. These braking phases are critical for KERS operation, as they provide opportunities to recover kinetic energy that would otherwise be lost as heat. The data highlights the importance of designing a KERS system capable of efficiently capturing energy during braking, storing it effectively, and redeploying it to support high-demand acceleration phases.
· Total Tractive Force vs Time: 
This graph illustrates the variation in total tractive force experienced by the Volkswagen Golf R-Line Petrol during the WLTP cycle, incorporating the combined effects of rolling resistance, aerodynamic drag, acceleration resistance, and deceleration forces. The frequent oscillations between positive and negative forces reflect the dynamic driving conditions simulated in the WLTP cycle. Positive peaks, often exceeding 1000–2000 N, correspond to acceleration phases where the vehicle requires significant energy to overcome inertia and resistance. In contrast, negative peaks, reaching as low as -2000 N, represent braking events where energy dissipation is highest. These braking phases provide critical opportunities for KERS to recover and store energy that would otherwise be lost as heat. During steady cruising periods, the forces stabilise at lower magnitudes, dominated by rolling resistance and aerodynamic drag, offering minimal recovery potential. The graph highlights the need for a high-efficiency KERS system capable of capturing energy during braking, storing it effectively, and redeploying it during high-demand acceleration phases. This emphasises the importance of optimising energy recovery efficiency, storage capacity, and control systems to handle the variability in driving conditions.



· Cumulative Energy Plots: 
This graph illustrates the total energy the Volkswagen Golf R-Line Petrol requires throughout the WLTP cycle. The graph shows a gradual increase in cumulative energy during steady cruising and low-acceleration phases, reflecting relatively consistent energy demands dominated by rolling resistance and aerodynamic drag. A steep rise in cumulative energy is observed between 1500 and 1750 seconds, corresponding to periods of frequent acceleration or sustained high-speed driving, where energy demand is significantly higher. Small plateaus in the graph indicate phases of stabilised energy consumption, likely during steady cruising or deceleration. These insights are critical for designing the KERS system, which must efficiently capture energy during braking events to offset the increased energy demands observed during acceleration. By recovering and redistributing energy, the KERS system can significantly reduce the overall cumulative energy demand of the vehicle.
This graph illustrates the total energy dissipated during braking events throughout the WLTP cycle. The graph shows a gradual increase in braking energy during the initial phases of the cycle, reflecting light braking events typical of urban or low-speed driving. A steep rise in cumulative energy is observed after 1200 seconds, corresponding to more frequent and intense braking events in the latter stages of the cycle, likely caused by transitions from higher speeds or frequent stops. Periods of minimal energy growth indicate steady cruising or acceleration phases where braking is absent. By the end of the cycle, the cumulative braking energy exceeds 3,000,000 J, highlighting the substantial energy available for recovery. These findings emphasise the importance of a KERS system optimised to recover kinetic energy during high-intensity braking events and store it efficiently for reuse during acceleration, requiring a storage system with adequate capacity and high recovery efficiency.
Tractive Power vs Time: 
This graph illustrates the power required to overcome resistance and maintain motion during the WLTP cycle. During steady cruising and low-speed phases, tractive power remains below 5000 W, reflecting minimal energy demand dominated by rolling resistance and aerodynamic drag. In contrast, significant peaks exceeding 20,000 W occur after 1500 seconds, corresponding to periods of high acceleration or transitions to higher speeds, highlighting moments of substantial energy demand. Sharp declines in tractive power to near-zero levels represent braking or deceleration events, where kinetic energy dissipation presents opportunities for recovery. The graph also shows an upward trend in power demand as the cycle progresses, indicating increasingly varied driving conditions. These findings emphasise the importance of a KERS system capable of efficiently recovering energy during braking events and redistributing it to meet the high power demands of acceleration phases. Additionally, the variability in power requirements underscores the need for a well-sized energy storage system and an optimised control system to manage energy transfer effectively.
[bookmark: _Toc184559539]KERS Design and Sizing
[bookmark: _Toc184559540]Energy Recovery Potential
[bookmark: _Toc184559541]The KERS system for the Volkswagen Golf R-Line Petrol must handle peak power inputs of 19.46 kW and energy storage of 21.34 kJ during braking events. These values represent the maximum demands observed in the WLTP cycle and inform the selection and sizing of system components:
· Peak Power Input: 19.46 kW
· Peak Energy Storage: 21.34 kJ
These values reflect the system’s operational requirements during high-intensity braking events, ensuring efficient energy recovery and storage for subsequent propulsion support.
System Components
	[bookmark: _Toc184559542]Component
	Specification
	Reason for Selection

	Battery
	Lithium-ion, 25,000 J
	High energy density and proven reliability.

	Motor/Generator
	PMSM, 20 kW
	Efficient energy conversion and compact size.

	Power Electronics
	DC-DC Converter, 20 kW
	Effective bidirectional energy management.

	Control System
	Embedded Real-Time
	Optimises recovery and redistribution of energy.



The system components were selected to make sure that efficient energy recovery and reuse. The battery's high energy density allows effective storage, while the PMSM and DC-DC converter enable efficient conversion and management of power flows.
Efficiency Assumptions
[bookmark: _Toc184559543]The system efficiency accounts for the combined performance of its components. Assumptions include:
· Battery: 85% efficiency, reflecting typical round-trip energy recovery.
· Motor/Generator: 90% efficiency, leveraging PMSM technology.
· Power Electronics: 95% efficiency, minimising energy losses in the DC-DC converter.
· Overall System Efficiency: 72.68%.
	Component
	Efficiency (%)
	Reason

	Battery
	85%
	Typical round-trip efficiency for lithium-ion batteries.

	Motor/Generator
	90%
	High efficiency for energy conversion in PMSMs.

	Power Electronics
	95%
	Minimal energy losses in modern DC-DC converters.

	Overall Efficiency
	72.68%
	Cumulative efficiency accounting for all components.


The overall efficiency of 72.68% ensures significant energy recovery and reuse, reducing reliance on the internal combustion engine.
System Sizing 
The KERS system has a power rating of 45 kW. This makes sure that it can handle peak power inputs of 19.46 kW while maintaining a safety margin for reliability under varying driving conditions.

Energy Recovery Results
[bookmark: _Toc184559544]Recovered Energy
During braking events in the WLTP cycle:
· Total Recovered Energy: Approximately 10,581.4 kJ.
· Peak Energy Recovery Potential: 21.34 kJ during a single deceleration phase.
This energy recovery is plotted over time, highlighting maximum recovery during braking phases. The system's average efficiency of 72.68% ensures that a significant proportion of the available energy is stored and reused for propulsion.

[bookmark: _Toc184559545]Fuel Savings
The integration of KERS translates into measurable fuel savings:
· Estimated Fuel Consumption Reduction: 5-10%, depending on the drive cycle and braking intensity.
· This reduction reduces CO₂ emissions, improving the vehicle’s environmental footprint.

[bookmark: _Toc184559546]Practical Implications and Comparison
[bookmark: _Toc184559547]System Operation
The battery-based KERS integrates seamlessly with the vehicle's braking system. During deceleration:
· The Permanent Magnet Synchronous Motor (PMSM), rated at 20 kW, converts kinetic energy into electrical energy.
· A lithium-ion battery with a capacity of 25,000 J stores the energy, which is then reused to support acceleration.
· The bidirectional DC-DC converter ensures efficient power management between components, achieving a power electronics efficiency of 95%.
· The real-time control system optimises energy recovery and distribution, ensuring smooth operation with minimal impact on braking feel or driver experience.
This system is designed to operate automatically, requiring no manual intervention. The system's integration with existing braking technologies maintains the braking feel, ensuring a seamless experience for the driver.
[bookmark: _Toc184559548]Benefits and Challenges
[bookmark: _Toc184559549]Benefits
1. Improved Fuel Economy:
. The recovered energy of 10,581.4 kJ translates into an estimated 5-10% reduction in fuel consumption, depending on driving conditions and recovery opportunities.
2. Reduced CO₂ Emissions:
. Lower fuel consumption directly reduces greenhouse gas emissions, supporting environmental goals and compliance with stricter emissions regulations.
3. Efficient Energy Use:
. Instead of wasting braking energy as heat, KERS recovers and reuses this energy, enhancing overall vehicle efficiency.
[bookmark: _Toc184559550]Challenges
1. Increased Vehicle Weight:
. The addition of the lithium-ion battery, PMSM motor, and DC-DC converter increases the vehicle's weight. Although this weight gain is manageable, it may slightly reduce acceleration and handling performance.
2. Higher Initial Costs:
. Advanced components like high-efficiency batteries, motors, and power electronics increase production costs. These costs could pose challenges for adoption in cost-sensitive market segments.
[bookmark: _Toc184559551]Comparison to Conventional Systems
[bookmark: _Toc184559552]KERS-Equipped Vehicles
· Energy Recovery: Recover and store braking energy, which is reused during acceleration, improving efficiency and fuel economy.
· Advanced Technology: Use a 72.68% efficient system combining energy recovery, storage, and reuse.
· Emissions: Reduce CO₂ emissions due to lower fuel consumption.
[bookmark: _Toc184559553]Conventional ICE Vehicles
· Energy Loss: Dissipate braking energy as heat through friction brakes, with no recovery mechanism.
· Lower Efficiency: They rely solely on the engine for power, making them less efficient, particularly in urban driving, where frequent braking occurs.
· Environmental Impact: Higher fuel consumption leads to higher emissions.

[bookmark: _Toc184559554]7. Conclusion
The KERS system for the Volkswagen Golf R-Line Petrol recovers energy efficiently and reduces fuel use. Over the WLTP cycle, it captures up to 10,581.4 kJ of braking energy with an overall system efficiency of 72.68%. This reduces fuel consumption by 5–10%, cutting emissions and improving the car’s efficiency.
The system includes a 25,000 J lithium-ion battery, a 20 kW motor, and a DC-DC converter. It is rated at 45 kW to handle peak braking energy while maintaining reliability. The real-time control system will make sure that we have smooth energy recovery and reuse during driving.
While the system adds weight and upfront costs, future work can focus on lighter materials and cheaper components. These changes can make KERS more practical and widely used. Overall, this system offers a clear improvement in energy use for modern vehicles.
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Total Tractive Force (N)




Cumulative Tractive Energy vs Elapsed Time
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Cumulative Energy (J)




Cumulative Braking Energy vs Elapsed Time
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Tractive Power (W)
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