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2. Introduction
A kinetic energy recovery system is a useful component of a car that stores any loss in kinetic energy due to the vehicle decelerating which can be used to accelerate the car giving it more kinetic energy when required. This report aims to outline how beneficial a kinetic energy recovery system (KERS) is for a Porsche 911 GT3 RS 992 as well as outline how it affects fuel consumption and whether it is great enough to implement a KERS system.
	Top Speed
	184mph

	0-100Km/h
	3.2s

	Power 
	525 PS / 386Kw

	Engine
	Flat 6

	Bore
	102mm

	Stroke
	81.5mm

	Volume
	3996cm3

	Max Torque
	465Nm

	Length
	4576mm

	Width
	2027mm

	Height
	1322mm

	Wheelbase
	2457mm

	Frontal Area
	2.14m2 

	Coefficient of Drag
	0.36

	Unladen/Curb Weight
	1525Kg

	Fuel Tank
	64 Litres

	Fuel Consumption Combined (WLTP)
	21.1mpg

	Coefficient of Rolling Resistance
	0.0015


Table 1 - Porsche 911 GT3 RS Specifications (Porsche, 2023)


3. KERS Storage Systems
There are 3 common ways to store potential regenerated energy either using a:
· Capacitor (Electrical Energy)
· Battery (Electrical Energy)
· Flywheel (Mechanical Energy)
3.1. Capacitor Storage
A capacitor can be a useful option to store energy as it is very good at charging and discharging due to its exponential relationship shown in figure 1. This figure shows that a capacitor discharges faster in the first 50% than the last 50% due to its exponential relationship so if a capacitor was used then its storage should be approximately double the peak energy. In the context of the Porsche 911 GT3 RS, the peak cumulative energy is 315908.073 Joules, however, this stands out from the other braking energy values so, if the second highest point from figure 14 of 224988.957 Joules is chosen then, due to the capacitor storage being double this value, the battery would need to store around 450,000 Joules or 125Wh. This is beneficial as it can still hold the highest point of 315908 Joules, however, it will not discharge as fast as others due to a capacitor’s exponential relationship but this is worth the risk as it means a smaller and lighter capacitor can be implemented.
[image: ][image: ]
Figure 1 - Capacitor Charging & Discharging Graph (Bhimsen Kumar, 2020)
3.2. Battery Storage
This is the easiest and most common way to store energy is by electrically storing it in multiple cells with the best option being a lithium-ion battery. For this to happen the energy is passed through the gears or a mechanical rotating component, through a motor which turns the mechanical energy into electrical energy then through a controller that converts the AC  into a DC current to then be stored in a battery storage system. However, this can be a disadvantage to having a battery-stored KERS system as multiple components are involved with their efficiencies meaning there can be a lot of energy loss. As well as that, for high amounts of energy, many cells are needed resulting in the battery storage being very heavy. A GBS high voltage lithium battery system could be a useful option as a KERS system storage and I made up of 50 lithium-ion battery cells all with the specifications shown in table…. As well as these specifications it is (GBS,2018):
· Fast Charging
· Long Life Cycle
· Lighter Weight, 1/3 Lead Acid Battery Weight
· Low Self Discharge Rate, < 3% Monthly
· Efficient Charging
· Environmentally Friendly
· Performs Well Under Low & High Temperature
· Has a Good Safety System 
· Output Energy with High Magnification
	Standard Charge
	0.5C

	Fast Charge
	1C

	End of Charge Voltage
	3.65V

	End of Discharge Voltage
	2.8V

	Working Temperature
	-20 – 65 °C

	Life Cycle (at 0.5C)
	3000 Cycle

	Weight
	2.3Kg

	Dimensions
	126 x 46 x 233mm


Table 2 - Specifications of 1 GBS Battery Cell (GBS, 2018)
[image: ]
Figure 2 - Technical Drawing of 1 GBS Battery Cell (GBS, 2018)


3.3. Flywheel Storage
This is a new innovative breakthrough that was first used in le man in 2011 and competitors like Porsche used this the year later due to its performance benefits. Flywheels store the mechanical energy by transferring it into rotational energy by using a clutch and a continuously variable transmission (CVT) to either accelerate the flywheel to store energy or decelerate it to release stored energy. It is usually placed in a vacuum to increase its efficiency by reducing the windage loss. However, the drawbacks to a flywheel KERS system are the dangers of a spinning flywheel as it must operate at speeds of around 64,500 rpm (Collins, S, 2011) for enough energy to be stored. This means that it struggles to hold a lot of energy and can only charge and discharge the energy very efficiently. Flybrid is a manufacturer that specialises in Flywheel KERS systems and its F-Boost, figure 7, can be placed straight into an internal combustion engine (ICE) vehicle as it includes the flywheel in a vacuum along with a CVT and clutch making it a high-quality option for the Porsche 911 GT3 RS with it increasing ICE vehicle fuel efficiencies by 20%.

[image: ]		[image: ]
Figure 3 - Flywheel Speed Graph					Figure 4 - Energy Stored in a Flywheel
Figure 3 shows that when a vehicle’s linear velocity decreases, the flywheel’s rotational velocity increases as it stores more and more energy. Figure 4 shows the exponential relationship between the angular velocity of the flywheel and the energy stored in it. At high angular velocities, an increase in velocity results in a lot more energy being stored than it would at slower speeds due to the increased gradient which is because of the equation;


This means that the flywheel should be kept spinning at a minimum angular velocity of around 1/2 or 1/3 of its maximum so that less angular velocity is needed to store more energy. Also looking at figures 5 & 6, from Kapoor, R, Parveen, M, 2013), flywheels are second best at reducing fuel consumption but also offer the most amount of voltage stability, at about 99%, which is useful as the less stable the storage device is, the quick it can result in wear and tear. 
[image: ][image: ]
Figure 5 - Voltage Stability of Different Storage Systems	          Figure 6 - Fuel Consumption Reduction of Different Storage 
(Kapoor, R, Parveen, M, 2013)			          Systems (Kapoor, R, Parveen, M, 2013)
3.4. Chosen Storage System
For the Porsche 911 GT3 RS, the F-Boost flywheel KERS system from Flybrid would be the best option as it is made for performance vehicles like the Porsche to Formula One vehicles. It includes all components required and has an efficiency of more than 95% (96% was used for this report) making it the most efficient option as there is only one component where energy is lost. As well as that it is smaller and lighter than a battery system as shown in table 3.
[image: ]
Figure 7 - F-Boost Technical Drawing (Flybrid, 2024)


	A
	496mm

	B
	233mm

	C
	254mm

	Mass
	<50Kg

	Temperature Range
	-30 – 65 °C

	Maximum Power
	200Kw

	Storage
	1000KJ

	Voltage
	300 – 800V (DC)

	Efficiency
	>95% (one-way)


              Table 3 - F-Boost Specifications (Flybrid, 2024)







[bookmark: _Hlk155697902]4. Worldwide Harmonised Light Vehicles Test Procedure
4.1. What is the WLTP?
The WLTP, for short, is a procedure all vehicles go through to understand their fuel consumption and emissions by simulating all circumstances a vehicle may face. All vehicles are split into certain classes depending on its power-to-weight ratio (W/Kg);
· Class 1 = W/Kg ≤ 22
· Class 2 = 22 < W/Kg ≤ 34
· Class 3a = W/Kg > 34 &  < 120Km/h
· Class 3b = W/Kg > 34 &  ≥ 120Km/h – Porsche GT3 RS
Most road vehicles, including the Porsche 911 GT3 RS come under class 3 as they have a higher power to weight ratio of 34. Each class includes slow, medium and high-speed sections, with class 3b, which the Porsche 911 GT3 RS is in, having an extra high-speed section for vehicles that can go faster than 120Km/h. The WLTP also accommodates for different accelerations and decelerations like stopping completed and starting again, decelerating down to a velocity but not stopping and accelerating then accelerating at a smaller amount.
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Figure 8 - Vehicle Velocity Throughout WLTP
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Figure 9 - WLTP, Class 3b Stages (DieselNet, 2019)
4.2. Calculations
Important variables can be sourced from table 1 from Porsche’s technical report (2023) as shown in table…
	Specification
	Value

	Test Mass
	1795Kg

	Coefficient of Rolling Resistance
	0.0015

	Frontal Area
	2.14m2

	Coefficient of Drag
	0.36


Table 4 - Porsche 911 GT3 RS Specs (Porsche, 2023)
The Test Mass was calculated by using the equation:


		




These variables can be used alongside data from the WLTP can help to understand the amount of energy available to regenerate by first calculating the acceleration, aerodynamic and rolling resistance forces as shown in figure…






A graph can be produced of these 3 forces to see how they behave throughout the WLTP process, figure….
[image: ]
Figure 10 - Forces Acting on the Porsche 911 GT3 RS Throughout WLTP
From these 3 forces, the total force the car produces can be calculated using:

Using Total Force, Power produced can be calculated;

[image: ]
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Figure 11 - WLTP Table Headings
4.3. Graphs & Analysis
[image: ]
Figure 12 - Power of Porsche 911 GT3 RS Throughout WLTP
Looking at the power values in figure 12, all positive values must be when the car is producing a force (traction force), and all negative values are when the car is braking and is losing power to other energy stores like heat. These negative values are where there is potential to regenerate energy and are shown in the column named braking energy which is the possible energy that could be recovered every second of the WLTP.
However, this possible regenerated energy must go through multiple components in the flywheel storage system to store the energy in the flywheel and back out when the energy is required. This process will cause a slight energy loss due to the 96% efficiency going into the flywheel and 96% going out again.
[image: ]
Figure 13 - Traction & Braking Energy With & Without KERS System
Plotting both potential and actual energy regenerated and used, figure 13, shows the energy loss due to the flywheel’s efficiency. If a KERS system was implemented and the Porsche 911 GT3 RS used the actual regen energy, then the blue line in figure 13 can be plotted to show the decrease in traction force that is needed to complete the WLTP. Analysing figure 13, a KERS system only offers a slight bit of assistance for the low-speed section and may not decrease fuel consumption significantly. This is because the slow speed section simulates city driving where speeds are low and decelerations are short as the difference in speeds is small however these short deceleration sections occur a lot when a car drives around a city so there are a lot of chances to regenerate small amounts of energy. This means that efficiency becomes more important as it is more crucial to regenerate as much energy as possible because there isn’t a lot available at every braking moment. 
Comparing the high-speed and extra high-speed sections of figures 8 & 13 shows that a lower velocity with a sharper decrease has a greater impact on regenerated energy than a bigger change in velocity, due to higher speeds, over a longer time period. This results in more regenerated energy in the high-speed section, so less traction energy is required from the 4.0l flat 6 engine. This means that fuel consumption will decrease more when there are sharper decelerations which suits the Porsche 911 GT3 RS as it is commonly used as a track car where braking is normally very sharp and instantaneous. The extra high-speed section shows that, if the Porsche was taken to a track with flowing corners that aren’t sharp so don’t require harsh braking like the Interlagos circuit then fuel consumption would be higher as there are fewer opportunities to recharge the KERS system. This means that, if the car was used in competitive racing, a lighter and smaller KERS system may be used as the joules per second is a lot less and weight can be saved to increase speed and decrease fuel consumption instead.
[image: ]
Figure 14 - Energy in Flywheel at Every Deceleration Zone
Figure 14 shows the biggest deceleration point to be at the end of the WLTP where, from figure 8, the car goes from 131.3Km/h/81.6mph to 0 in 2 deceleration increments. Arguably, this large spike is unrealistic however a Porsche 911 GT3 RS may experience high to low-speed moments in a smaller time frame if it was used on track as there is no speed limit that a road car would have to stick to and, for peak performance, the driver should be 100% throttle or 100% braking. The flywheel must spin fast enough to be able to store all the energy from each deceleration phase so it must be able to store the peak cumulative energy of 32KJ even though it stands out from other braking energy values. The flywheel can store a maximum of 1000KJ which is a lot more than needed however this is done as a safety measure for when the car is on track as it will have sharper and larger decelerations as it can go a lot faster and decelerate quicker than it does in the WLTP. 
[image: ]
Figure 15 - Power Through Flywheel for Every Second of the WLTP
Choosing the right flywheel is important as it must be able to withstand the maximum power or energy per second. From figure 15, the peak power of 32356.9135 Watts is in the medium speed section along with multiple other values between that and 25000. This means that the flywheel must continuously withstand over the peak value of 32KW which it does as it has a maximum power of 200KW which is beneficial for the same reasons as the energy storage being that the WLTP doesn’t push the Porsche 911 GT3 RS to its limits which the driver would be doing if it was raced on a track.
It is useful to note the difference between figure 14 & 15 as the energy per second in the extra high-speed phase is quite low however the peak total energy into the battery at each deceleration point is in this same phase. This suggests that the most energy can be regenerated at the end of the WLTP however this is over a longer period of time resulting in the number of joules per second being lower than other values which means that the car isn’t decelerating as hard as the peaks in the medium section of figure 15.
[image: ]
Figure 16 - How Vehicle Speed & Aerodynamic Force Changes Throughout WLTP
A graph can be made of all the forces calculated in 4.2. Calculations, to see how speed and acceleration affect the forces on a vehicle. Figures 10 & 16 show the relationship between the aerodynamic drag force and vehicle speed because as the vehicle’s speed increases it feels more drag. This results in the acceleration force decreasing, as shown in figure 10, because there is more force acting on the vehicle. This relationship also means that at high speeds the car can decelerate quicker than at lower speeds which can also be seen by doing a coast-down test, figure 17, as the aerodynamic resistance is the main factor to a decreasing velocity when it is high but rolling resistance is the more resistive force at lower speeds. 
[image: ][image: ]
Figure 17 – Coast-Down Test Graphs (AirShaper, 2021)



5. Conclusion
Overall, a KERS system is a useful component to add to a track car like the Porsche 911 GT3 RS because it causes as much energy to be utilised as possible due to the regenerative system. As well as that, a flywheel system is the best option for a track car due to its efficiency, weight and fast charging and discharging which means that extra boosts of power can be supplied to the car, preferably on the straights, to help overtake competitors. However, the car will still feel heavier for the driver and they must learn when and where to discharge the stored energy to utilise its use and not cause a sudden surge of power at the wrong time like coming out of a corner and causing instability or oversteer.
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Figure 18 - WLTP Class Separation
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Figure 19 - Forces Acting on Vehicle Throughout WLTP
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Class 1 ratio of rated power in W / kerb mass in kg  <= 22

(version 1.4) The table with the speed trace is named "WLTC_class_1" and contains a low and a medium speed part.

If v_max >= 70 km/h, phase low is repeated after phase medium.

If v_max < 70 km/h, phase medium is replaced by a repetition of phase low.

	If a vehicle has a ratio of rated power in W divide by kerb mass in kg close to the borderline, any additional tests with the WLTC, class 2, version 1.4 cycle are highly welcomed.

Class 2 ratio of rated power in W / kerb mass in kg  > 22 but <= 34

(version 1.4) The table with the speed trace is named "WLTC_class_2" and contains a low, a medium and a high speed part.

If v_max < 90 km/h, phase high is replaced by a repetition of phase low.

	If a vehicle with a ratio of rated power in W divided by kerb mass in kg between 22 and 34, but close to the lower borderline cannot follow the WLTC class 2, version 1.4 speed trac

it shall proceed at full throttle until the reference speed profile is reached again. This test shall be repeated at least 3 times. Additionally, the same vehicle can be tested 

with the WLTC, class 1 , version 1.4 driving cycle (3 tests), provided that all the other provisions of the WLTP are the same as before.

If a vehicle has a ratio of rated power in W divided by kerb mass in kg between 22 and 34, but close to the upper borderline, any additional tests with the WLTC, class 3, version 5 cycle are highly welcomed.

Class 3 ratio of rated power in W / kerb mass in kg  >  34

(version 5) The table with the speed trace is named "WLTC_class_3" and contains a low, a medium, a high and an extra high speed part.

If v_max < 135 km/h, phase high is replaced by a repetition of phase low.

	If a vehicle with a ratio of rated power in W divided by kerb masin kg  > 34, but close to this borderline cannot follow the WLTC class 3, version 5 speed trace

it shall proceed at full throttle until the reference speed profile is reached again. This test shall be repeated at least 3 times. Additionally, the same vehicle can be tested 

with the WLTC, class 2 , version 1.4 driving cycle (3 tests), provided that all the other provisions of the WLTP are the same as before.

kerb mass means the "unladen mass" as defined in ECE R83.

v_max is the maximum speed of the vehicle as declared by the manufacturer (ECE R 68) and not any use restriction or safety based limitation.
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