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[bookmark: _Toc183981670]Introduction and vehicle selection

The BMW G80 M3 epitomizes high-performance engineering, featuring a 3.0-liter twin-turbocharged inline-six engine with up to 503 horsepower. While it excels in performance, fuel consumption remains a challenge. Enter the Kinetic Energy Recovery System (KERS), a technology borrowed from Formula 1. KERS captures energy typically lost during braking and reuses it to assist the engine, improving fuel efficiency and reducing emissions.
Incorporating KERS into the G80 M3 offers a promising solution to enhance fuel economy without compromising on performance. This analysis explores the impact of KERS on fuel consumption and vehicle dynamics, highlighting how this technology can transform energy efficiency in high-performance cars. By recovering and utilizing kinetic energy, KERS not only improves fuel economy but also maintains the thrill of driving a BMW M3.
I selected this vehicle as it could greatly benefit from a KERS system as a performance car with a lot of weight and wasted energy under breaking.

Figure 1 – BMW M3 G80
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[bookmark: _Toc183981671]Vehicle specifications research

	Kerb Mass
	1805 Kg

	Test Mass
	2113 kg

	Frontal Area
	2.34 m²

	Rolling resistance coefficient
	0.02

	Coefficient of aerodynamic drag
	0.33




[bookmark: _Toc183981672]Kerb Mass 
Kerb mass, also known as curb weight, refers to the total weight of a vehicle including all standard equipment, necessary operating consumables such as motor oil and coolant, a full tank of fuel, and without any passengers or cargo. Kerb mass was provided via the BMW website.

[bookmark: _Toc183981673]Test Mass
Test mass is the combination of the vehicle mass plus a full tank of fuel and additional passengers / luggage. In this case there was no data on test mass for this specific model so the weight of 4 additional test dummies has been added. 4 x 77Kg = 308Kg.

[bookmark: _Toc183981674]Frontal Area 
The frontal area of a vehicle refers to the cross-sectional area that faces the direction of motion, perpendicular to the airflow. It's essentially the vehicle when viewed directly from the front. This area is crucial in determining the aerodynamic drag force the vehicle experiences while moving.
A larger frontal area means more air resistance, which can negatively impact fuel efficiency. Streamlining the shape of a vehicle to reduce its frontal area is a common strategy to improve aerodynamics and reduce drag.

[bookmark: _Toc183981675]Rolling Resistance Coefficient 
The rolling resistance coefficient is a dimensionless number that quantifies the resistance a vehicle's tires encounter when rolling over a surface. This resistance arises due to the deformation of the tires and the surface they roll on. Lower rolling resistance coefficients indicate that less energy is required to maintain motion, improving fuel efficiency.
The rolling resistance coefficient (Crr) equation can be expressed as:
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Frr is the rolling resistance force.
m is the mass of the vehicle.
g is the acceleration due to gravity (approximately 9.81 m/s²).
Using this formula:
rolling resistance force (car tires on asphalt) = 414.6N 
mass = 2113kg
gravity = 9.81 m/s²
Crr = 414.6 / (2113 x 9.81) = 0.02 

[bookmark: _Toc183981676]Coefficient of Drag
The coefficient of drag is a dimensionless number that represents the aerodynamic efficiency of a vehicle or object. It quantifies how much drag (resistance) an object generates as it moves through the air. The lower the coefficient of drag, the more aerodynamically efficient the object is, which means it encounters less resistance and can move more easily through the air.
The coefficient of drag (Cd) is calculated using the following formula:
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Fd is the drag force.
ρ\rho (rho) is the density of the air.
V is the velocity of the object relative to the air.
A is the frontal area of the object.









	

[bookmark: _Toc183981677]WLTP
[bookmark: _Toc183981678]WLTP Explanation
The Worldwide Harmonised Light Vehicles Test Procedure (WLTP) is a global standard for measuring the fuel consumption, CO2 emissions, and electric range of passenger cars and light commercial vehicles. It was introduced to replace the older New European Driving Cycle (NEDC) test, which was considered outdated and not representative of real-world driving conditions. (Hill, 2024)

[bookmark: _Toc183981679]Assumptions 
All assumptions made during WLTP calculations:
Air density (ρ\rho) = 1.225 kg/m³
Test Mass = 2113Kg
Frontal Area = 2.34 m²
Rolling resistance coefficient = 0.02
Coefficient of aerodynamic drag = 0.33
Rolling Resistance = 414.5706 N

[bookmark: _Toc183981680]WLTP Class
The BMW M3 G80 falls into the "Class 3" category under the Worldwide Harmonised Light Vehicles Test Procedure (WLTP). This classification is based on the ratio of the vehicle's rated power to its kerb mass, as well as its maximum speed. This classification is usually associated with high performance vehicles. Ratio=216.04. Figure 2 shows the vehicle speed and acceleration for the Class 3b cycle (for vehicles with v_max ≥ 120 km/h). 
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[bookmark: _Toc183981681]BMW Provided WLTP Info 
BMW M3 Competition M xDrive Saloon: Fuel consumption, combined WLTP in mpg: 27.7–28; CO2 emissions, combined WLTP in g/km: 230–227 (Bmw.co.uk, 2024).

[bookmark: _Toc183981682]Data Spreadsheets 
[bookmark: _Toc183981683]Total Force vs Tractive Force


Total Forces:
The blue line, which represents total forces, remains slightly more stable with its variations. This suggests that the total forces acting on the system are better managed over the range.
Tractive Forces:
The orange line, representing tractive forces, exhibits larger spikes and dips. This indicates that the tractive forces are highly variable, likely due to changing driving conditions, acceleration, or other dynamic factors.
Comparative Analysis:
Comparing the two lines, it is clear that while the total forces maintain a better level of stability, the forces are both highly reactive, this is due to the large amount of acceleration, deceleration, and other instantaneous forces.






[bookmark: _Toc183981684]Tractive Energy


Variability in Tractive Energy:
The wide fluctuations in tractive energy suggest that the vehicle or system is experiencing dynamic changes in driving conditions. This is likely due to the WLTP cycle taking place. Positive tractive energy values indicate times when the system is providing power to propel the vehicle forward. Negative tractive energy values may indicate regenerative braking or other energy recovery mechanisms in action.
Energy Recovery Opportunities:
The moments with large negative tractive energy values are likely the periods where the KERS system is most active, recovering energy during braking events. These points are crucial for assessing the efficiency and performance of the KERS system.
Performance Insights:
The stability and consistency of tractive energy can provide insights into the overall performance and efficiency of the vehicle or system. Frequent large spikes indicate periods of high acceleration or deceleration.
System Dynamics:
Understanding the fluctuations can help in optimizing the control systems for better energy management.
KERS Efficiency:
Analysing the energy recovered during the negative tractive energy peaks can help assess the efficiency of the KERS system.
[bookmark: _Toc183981685]Cumulative Traction Energy vs Cumulative Breaking Energy









Energy Consumption: 
The blue line's sharp increases suggest that the vehicle/system is consuming a large amount of traction energy at various intervals, likely due to acceleration or high demand on the traction system.
Energy Recovery: 
The red line’s relatively flat trend implies that the energy recovered through braking is not as significant. This could be due to less frequent braking events or less efficient energy recovery during those events.
Efficiency Insights: 
The disparity between the traction and braking energy suggests that the system might benefit from more efficient braking energy recovery mechanisms to improve overall energy efficiency.
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Acceleration Force:
Shows significant variations, indicating changes in the vehicle's acceleration. Peaks and troughs may correspond to periods of rapid acceleration and deceleration.
Rolling Resistance:
Generally stable but has some fluctuations. Variations can be due to changes in road surface, tire pressure, or vehicle load.
Aerodynamic Forces:
Relatively stable with minor fluctuations. Indicates that aerodynamic forces are more constant compared to other forces, likely influenced by vehicle speed and design.
Total Forces:
Combines all the individual forces and shows the net force acting on the vehicle. Significant peaks and troughs correspond to periods of high acceleration or deceleration, where total forces are most dynamic.
System Dynamics:
The graph provides insights into the overall dynamics of the vehicle or system, highlighting periods of high force activity. The stability of aerodynamic forces suggests that most variations in total forces are due to changes in acceleration and rolling resistance.
Energy Management:
Understanding the variations in these forces can help optimize energy management strategies, especially in systems using KERS. Identifying periods of high acceleration and braking can help determine the most effective moments for energy recovery.
Performance Insights:
The analysis of these forces can provide valuable insights into the vehicle's performance, efficiency, and potential areas for improvement.

[bookmark: _Toc183981687]Identify largest possible KERS


This graph shows the speed variation during the WLTP. The sharp declines in spikes represent the braking phases, which are key moments for energy recovery. The largest possible KERS would occur at the end of the cycle, where the highest recorded speed is reduced to zero. The largest possible KERS within the cycle, before another phase starts, would occur at the end of the second stage (990 seconds), as this is where the sharpest decline in speed takes place before the next phase begins.








[bookmark: _Toc183981688]KERS Calculations

[bookmark: _Toc183981689]KERS Efficiency 

[image: A black text on a white background
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To get the required numbers to complete this equation, you must first find the kinetic energy which in this case would be the cumulative breaking energy = 508003553.56J
Then calculate the energy recovered in that period = 2563932947.18J

(2563932947.18J / 508003553.56J) x 100 = 19.81%

















[bookmark: _Toc183981690]KERS System

A regenerative braking system for a BMW G80 M3, which is the latest generation of the high-performance M3, would be an ideal integration of advanced hybrid or electric technologies with a traditional internal combustion engine (ICE) vehicle. Regenerative braking is a feature typically seen in electric and hybrid vehicles, where the energy produced during braking is converted into electrical energy and stored for later use. In the context of the BMW G80 M3, a regenerative braking system would allow for energy recovery, improving fuel efficiency and reducing wear on conventional braking components like pads and rotors.
[bookmark: _Toc183981691]Key Features and Benefits of a Regenerative Braking System:
Energy Recovery: Regenerative braking works by using the electric motor to reverse its role. Instead of consuming energy to propel the vehicle, the motor works as a generator. When the driver applies the brakes, the kinetic energy from the vehicle's motion is converted into electrical energy. This energy is then stored in a battery, which would be a dedicated hybrid battery.
Improved Fuel Efficiency: With a regenerative braking system, the G80 M3 would be able to recover energy that would otherwise be lost as heat in conventional braking systems. This recovered energy can be reused to power electrical systems or assist in driving, improving overall fuel efficiency and range. Although the G80 M3 is a performance-oriented car, regenerative braking could still enhance fuel efficiency in city driving and low-speed conditions, which could be beneficial with new laws restricting emissions further. 
Reduced Brake Wear: Regenerative braking reduces the reliance on mechanical brakes, which typically experience wear over time. This is due to being able to use the electric motor to slow down the car.
Environmental Impact: A regenerative braking system, by recovering energy that would otherwise be wasted, helps in reducing the overall environmental footprint of the vehicle. Even if it's a performance-focused car, every bit of energy efficiency counts when it comes to reducing fuel consumption and CO2 emissions.
Software and Control Systems: Regenerative braking would require sophisticated software and control systems to ensure smooth integration with the car's existing braking system. BMW’s iDrive system can display real-time data on energy recovery allowing the driver to monitor the system’s efficiency and the overall impact on fuel consumption. 

[bookmark: _Toc183981692]Challenges and Considerations:
Performance Balance: The M3 is renowned for its driving dynamics, and integrating regenerative braking needs to ensure that the system doesn't interfere with the car's sharp braking response, especially during high-performance driving or track conditions as adding this system will drastically increase the weight of the vehicle as the average weight of a hybrid car battery alone is around 53.5kg for the power specifications.
Battery Capacity: For an effective regenerative braking system to work, the car would need an appropriately sized battery to store the recovered energy. This would require additional weight and space, which would need to be considered in the M3’s design. The car would need a battery roughly able to store 8.33 kWh.
Cost and Complexity: Adding a regenerative braking system would increase the complexity of the car’s overall braking system, leading to higher manufacturing costs and maintenance costs to the consumer. 


















[bookmark: _Toc183981693]Summary

Incorporating KERS into the BMW G80 M3 would enhance fuel efficiency and reduce emissions without sacrificing the performance the M3 is known for. However, challenges such as weight, performance balance, and system complexity need careful consideration. Despite these, the technology holds great potential for improving the energy efficiency of high-performance vehicles like the G80 M3.
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Cumilative Traction vs Cumilative Breaking
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All Forces
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