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[bookmark: _Toc215423154]Introduction
Due to growing public concern regarding the impact of greenhouse gas emissions on the environment, the automotive industry has come under increasing pressure to improve the efficiency of new vehicles. This demand has driven significant advancements in both battery and Kinetic Energy Recovery System (KERS) technologies, helping to reduce vehicle energy losses whilst also improving performance. KERS achieves this by collecting and storing a vehicle’s kinetic energy during braking and redeploying it during acceleration, thereby reducing the emissions produced by the internal combustion engine.

[bookmark: _Toc215423155]Aims
[bookmark: _Hlk162528883]The aim of this report is to investigate the potential implementation of KERS on an existing vehicle. Using data from the Worldwide Harmonised Light Vehicle Test Procedure (WLTP), the report will identify energy losses through the braking system and evaluate suitable types of KERS for the vehicle. It will also assess the potential improvements in overall efficiency and examine how the braking characteristics and driver experience may differ compared to a conventional friction braking system.

[bookmark: _Toc215423156]Objective
· Research the vehicle’s WLTP test mass, frontal area, coefficient of rolling resistance, and aerodynamic drag coefficient.
· Analyse the results obtained from the vehicle’s WLTP test.
· Create graphs displaying both tractive and braking energy throughout the test.
· Analyse the data to identify efficiency losses.
· Research and propose a suitable KERS for the vehicle.
· Plot the kinetic energy recovered and identify the improvements in efficiency resulting from the implementation of KERS.
· Discuss the differences in braking characteristics that a driver may experience when using a KERS compared to a conventional friction braking system. 



[bookmark: _Toc215423157]Background
Like many innovations in the automotive sector, KERS was originally developed for use in motorsport and was first introduced in Formula 1 in 2009.(Boretti, 2013) It was later adopted across several other racing series and eventually adapted for application in road-going vehicles.
Unlike conventional friction brakes, which convert a vehicle’s kinetic energy into heat and dissipate it into the atmosphere, KERS captures a proportion of this otherwise wasted energy. The recovered kinetic energy is converted into electrical energy and stored chemically within a battery, allowing it to be redeployed during acceleration. This process enhances both the vehicle’s energy efficiency and fuel economy. A vehicle’s efficiency can be evaluated using the Worldwide Harmonised Light Vehicle Test Procedure (WLTP), a standardised testing cycle that replicates real-world driving conditions.(Mock et al., 2014) 


1. [bookmark: _Toc215423158]Vehicle Selection
The vehicle chosen for analysis is the Ferrari Purosangue, a four-wheel-drive sports SUV powered by a 6.5-litre naturally aspirated V12 engine paired with an eight-speed dual-clutch transmission. The Purosangue was selected because it currently does not employ hybrid technology, yet its high-power output and substantial mass result in considerable kinetic energy during braking. These characteristics make it a strong candidate for the integration of KERS. Similar vehicles in its segment, such as the Lamborghini Urus SE and Porsche Cayenne Hybrid, already utilise hybrid systems to enhance performance and efficiency. Furthermore, with increasingly stringent emissions regulations, the long-term viability of large naturally aspirated engines is uncertain, suggesting that future variants of the Purosangue may adopt hybrid assistance. This combination of factors makes the Purosangue an ideal vehicle to evaluate the benefits of KERS integration. 

[bookmark: _Toc215423159]Vehicle Data
[bookmark: _Toc215423160]Test mass
According to Pavlović et al. (2018) the WLTP test mass is calculated using equation 1: 

[bookmark: _Toc212314210][bookmark: _Toc215426801]                                                                    Equation 1

Where:
· AM is the mass of the vehicle in running order, which also includes any optional extras fitted to that specific vehicle.
· The additional 25 kg accounts for the mass of the test equipment.
· Ω is the vehicle-specific load factor, and MVL represents the maximum vehicle load, (Pavlovic et al., 2018) the difference between gross weight and kerb weight. 

The mass of the vehicle in running order refers to the vehicle’s mass, including all operational fluids and with the fuel tank filled to 90% of its total capacity. A mass of 75 kg is also added to represent the driver. (UNECE, 2021) This mass is determined using Equation 2: 

[bookmark: _Toc215426802]                                                                    Equation 2

Where:
· Kw is the Kerb weight of the vehicle, defined as the vehicle with all standard equipment and fluids but without a driver and a full tank of fuel. (Waring Harry, 2022)
· The term (0.1 × FTc × Df) represents the mass of 10% of the total fuel capacity, where FTc is the fuel tank capacity and Df is the density of fuel.     


[bookmark: _Toc215426776]Table 1 Ferrari Pursangue Data
	Data
	value
	unit
	source

	Kerb weight
	2180
	KG
	(luxurypulse, 2025)
	Gross weight
	2500
	KG
	(Gallagher Stuart, 2022)
	Fuel tank capacity
	100
	L
	(luxurypulse, 2025)
	Fuel density
	0.75
	KG/L
	(engineeringtoolbox, 2003)


[bookmark: _Toc215423161]Vehicle in running order calculations
By substituting in the value for the kerb weight, fuel tank capacity and density of fuel from Table 1 into Equation 2, the mass of the vehicle in working order is able to be calculated as shown in Equation 3 : 
[bookmark: _Toc215426803]                                            Equation 3

The calculated Mass in working order of the Pursangue is 2247.5 Kg. 

[bookmark: _Toc215423162]Test mass calculations
By substituting the mass in working order into equation 1: 

[bookmark: _Toc215426804]   Equation 4 test mass equation with vehicle subtitled in 

The WLTP test mass is calculated to be 2320.5 Kg. Assuming the car is standard specification and has no optional equipment fitted. 








[bookmark: _Toc215423163]Frontal area
The frontal area of a vehicle can be estimated using an image of the vehicle together with its height and width dimensions. The total frontal area is then calculated using Equation 5. For the Ferrari Purosangue, the width is 2.028 m, and the height is 1.589 m.(Automoli, 2024) 

[bookmark: _Toc215426805]                                                                 Equation 5

A total reference area of 3.2 m² was used. A 600 square grid was overlaid on the vehicle image. The number of squares outside the vehicle’s silhouette, as shown in Figure 1, was counted and subtracted from the total grid count to determine the number of squares occupied by the vehicle, as expressed in Equation 6: 

                                   [image: A red car with blue grids

AI-generated content may be incorrect.]
[bookmark: _Toc215426785]Figure 1 Front view of Pursangue overlayed with a lined grid

[bookmark: _Toc215426806]                                   Equation 6

The number of squares taken up by the vehicle was found to be 519. The ratio of occupied squares to the total number of squares was then calculated using Equation 7: 

[bookmark: _Toc215426807]                          Equation 7   

The calculated proportion was 0.865, which was then multiplied by the total reference area to determine the vehicle's frontal area, as shown in Equation 8: 
                    
 Equation 8

Therefore, the Pursangue has a frontal area of 2.768 m². 


[bookmark: _Toc215423164]Rolling resistance coefficient 
A vehicle's rolling resistance coefficient can be influenced by several factors, for example, the road surface, vehicle load, tyre compound, tyre wear, and tyre pressure. (Pauwelussen, 2015) Currently, no official figure has been established for the rolling resistance coefficient of the Ferrari Pursangue. However, using existing data, an estimated value can be calculated. According to Pauwelussen (2015) , the rolling resistance coefficient for a tarmac road range between 0.01 and 0.02. By taking the average of these figures, a value of 0.015 was determined.  

[bookmark: _Toc215423165]Drag coefficient 
The drag coefficient is a number that indicates the resistance that an object is subject to when moving through a fluid and is primarily influenced by an object's shape. No official figure has been released for the Pursangue at present. However, using figures of a similarly sized vehicle, a relatively accurate figure can be estimated. Using data from the Aston Martin DBX 707 and Audi RSQ8, which have a drag coefficient ranging from 0.32 to 0.37.(Motor match up, 2021; Audi, 2024) Based on these references, a drag coefficient of 0.34 was chosen for the Pursangue. 






[bookmark: _Toc215423166]WLTP Test selection
The WLTP is divided into three vehicle classes, each with a specific test cycle. The appropriate test cycle for a vehicle is determined by its power-to-weight ratio, ensuring that each vehicle is tested only within its intended use range. The (Automobile Catalog, 2025). The Pursangue has a power-to-weight ratio of 245.6 watts/ Kg. Making it eligible for the class 3 WLTP test, which applies to any vehicle with a power-to-weight ratio of 35 w/Kg or above. (UNECE, 2021)  


[image: A graph showing a graph
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[bookmark: _Toc215426786]Figure 2 Speed trace for class 3 WLTP test







[bookmark: _Toc215423167]Spreadsheet calculations
Using the test duration and vehicle speed from the class 3 WLTP, along with the previously calculated vehicle data, a spreadsheet was created. It was used to calculate the forces on the vehicle during the test, the power required to overcome these forces, and the cumulative tractive and braking energies, as shown in Figures 3 and 4. 

[bookmark: _Toc185189885][image: A screen shot of a chart
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[bookmark: _Toc215426787]Figure 3 Spreadsheet used for calculations
[image: ]
[bookmark: _Toc215426788]Figure 4 A table showing vehicle specific data








[bookmark: _Toc215423168]Vehicle speed
To convert the vehicle speed from Kilometres per hour to meters per second, equation 9 is used:
[bookmark: _Toc215426809]      Equation 9

[bookmark: _Toc215423169]Acceleration Force
The acceleration force is the force acting on the vehicle, longitudinally and is calculated using Newton's second law of motion:
     Equation 10 Newton’s second law of motion

Where:
· F is the acceleration force
· M is the vehicle test mass
· A is the vehicle acceleration

[bookmark: _Toc215423170]Rolling resistance force
The rolling resistance force is a resistive force generated by tyre deformation and its interaction with the road surface, and is calculated using the equation:
[bookmark: _Toc215426811]  Equation 11

Where:
· Cr is the coefficient of rolling resistance
· M is the vehicle test mass
· 9.81 represents the acceleration due to gravity 




[bookmark: _Toc215423171]Aero resistance force
 The aerodynamic resistance is the force acting on the vehicle opposing the direction of travel, caused by air interacting with the surface of the vehicle. It is calculated using:

Where:
· Ρ is the density of air
· V is vehicle velocity 
· Cd is the coefficient of drag
· A is the vehicle's frontal area

[bookmark: _Toc215423172]Power to Energy 
To calculate the tractive and braking energy, power is multiplied by the change in time. In this case, the time change is 1 second. Therefore, energy is equal to the power.













[bookmark: _Toc215423173]Combine Forces graph 
Figure 5 shows a graph of the combined and total force acting on the vehicle at each second during the WLTP test. 
[image: A graph with lines and numbers
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[bookmark: _Toc215426789]Figure 5 combined force graph











[bookmark: _Toc215423174]Kers system requirements
[bookmark: _Toc215423175]Power input
Figure 6 shows the power required per second during the WLTP test. This graph can be used to determine the maximum braking power and, hence, the largest possible power delivered to the KERS system.  Using the graph, the maximum braking power was identified as 43650 watts. This value can be used to specify a suitable KERS system for the Pursangue. 

[image: A graph showing a power and time
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[bookmark: _Toc215426790]Figure 6 Power vs time graph






[bookmark: _Toc215423176]Energy losses
The graph in Figure 7 highlights the cumulative traction and braking energy during the WLTP test. By calculating the difference between these two values, the total energy loss can be identified. The traction energy peaked at 19.13 MJ, while the braking energy reached 4.31 MJ. The difference of 14.82 MJ represents the energy losses during the test. 

[image: A graph with a line
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[bookmark: _Toc215426791]Figure 7 Cumulative traction and braking energy







[bookmark: _Toc215423177]Kers system selection
[bookmark: _Toc215423178]Battery type 
A lithium-ion battery pack was selected for the proposed KERS system for the Pursangue. This is because lithium batteries offer several key advantages over other types, such as high energy density, which allows for a smaller and lighter battery pack. Another benefit of lithium-ion batteries is extended battery life and a high number of charge cycles (A&S Power, 2025).
[bookmark: _Toc215423179]Battery specification 
A 350V battery was selected for the system, enabling the same power output with reduced current. Leading to reduced power losses due to Ohm's Law, which states power loss = I²xR (Seghers Nick, 2023) Resulting in improved efficiency. The battery has a capacity of 1.5 Kw/h, allowing it to be easily placed in the vehicle's floor without impacting cabin space, whilst also not adding much weight to the vehicle.
[bookmark: _Toc215423180]Motor generator
A single Bosch IMG Gen3 motor–generator unit (MGU) was chosen because it offers high power density and a compact design, making it easy to package on the rear axle to drive the rear wheels. From the WLTP results, the peak regenerative power was found to be 43.65 kW, so a 50 kW motor was selected to make sure it can handle the maximum power demand with some headroom. This rating also allows the MGU to provide extra assist power when needed. Like the battery pack, the motor operates at high voltage, and Bosch(2025) states that the unit has an efficiency of around 95%, making it suitable for repeated charging and discharging in a KERS setup.
[bookmark: _Toc215423181]Control unit/inverter
The system will utilise an inverter to convert between AC and DC power. It will feature the Bosch inverter generator 4, which employs highly efficient silicon carbide semiconductors to minimise power losses and achieve an efficiency of up to 99% (Bosch - mobility, 2025). An external control unit will manage the power conversion to AC for the electric motor during acceleration and to DC for storage in the battery pack. It will also oversee the monitoring of the KERS system, ensuring the battery pack remains in an optimal charge state, is not overcharged, and is shut off at the voltage limit to prolong battery life. Additionally, it will monitor system temperature to maintain a safe operating temperature.

[bookmark: _Toc215423182]Energy recovery
Using the efficiency of the components in the proposed Kers system. The energy returned to the wheel can be estimated. By multiplying together, the efficiency of each component in the system and ensuring that both the energy harvesting and redeployment are considered. The overall system efficiency was calculated to be 88.45%. By multiplying the cumulative braking energy by the efficiency, the energy returned to the road can be determined, as shown in Figure 8.  The maximum amount of energy returned to the road during the WLTP test was 3.8MJ. For this calculation, the battery charge rate has not been considered, and it has been assumed that the battery can accept full charge at each braking event.
[image: A graph with a line
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[bookmark: _Toc215426792]Figure 8 Cumulative energy graph with recovered energy overlaid

[bookmark: _Toc215423183]System operation
The system works by collecting energy during braking, where the MGU applies a braking torque to the wheels and converts the vehicle’s kinetic energy into electrical energy. This AC electrical energy is then converted to DC by the inverter and stored in the high-voltage battery. When additional power is required, the inverter converts the stored DC energy back into AC so the MGU can assist the wheels. This reduces the load on the engine, allowing it to operate in a more efficient range while still providing the required performance, thereby lowering fuel consumption.


[bookmark: _Toc215423184]Drivers feel
Drivers may feel a slight difference in driving characteristics in a hybrid vehicle with regenerative braking when compared to a vehicle with a conventional braking system. For example, the pedal may feel more responsive due to the nature of the regenerative braking. To reduce this, car manufacturers use a technique called brake blending to seamlessly switch between the regenerative braking and the conventional braking system (Audi, 2024). Drivers also may notice an increased feeling of engine braking when letting off the accelerator.
[bookmark: _Toc215423185]Wheel lock speed calculation
The speed at which the brakes would lock under regenerative braking is able to be calculated using the equation:
[bookmark: _Toc215426812]   Equation 12
Where:
· P is the kers system power
· Μ is the coefficient of grip
· M is the test mass of the vehicle 
· And g is gravity 
The wheel locking speed for the proposed KERS system was calculated as being 9.9 km/h for average road conditions with a grip coefficient of 0.8(Andersson Ulrik, 2024). In order to prevent the wheel locking due to regenerative braking, the control system must gradually blend in the friction brakes at this speed.  






[bookmark: _Toc215423186]Conclusion
[bookmark: _Toc215423187]This report examined the feasibility of implementing a kinetic energy recovery system (KERS) for the Ferrari Purosangue. Analysis of the WLTP Class 3 test showed that approximately 14.82 MJ of energy was lost through braking, highlighting the potential for energy recovery. The same test was used to specify a suitable KERS system, with the peak braking power identified as 43.6 kW, leading to the proposal of a 50 kW system to provide sufficient headroom. This was paired with a compact, high-voltage 1.5 kWh battery to suit the available packaging space. The system was estimated to return around 3.8 MJ of energy back to the wheels over the full cycle, indicating that a KERS would provide a meaningful improvement in the Purosangue’s overall efficiency and fuel consumption.
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