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1) Introduction
This report reviews the affects of implementing a kinetic energy recovery system (KERS) on a standard ICE (internal combustion engine) vehicle. This is done by using a worldwide harmonised light vehicle test procedure (WLTP) cycle and then implementing a KERS system to recover some of the energy that has been lost through conventional frictional brakes. The energy that has been stored can then be used to achieve the same power output of the vehicle, but by using the KERS system, save power output from the ICE.

2) Vehicle chosen
The vehicle chosen is a 2020 Volkswagen Tiguan, which is a 2-litre turbo charged petrol. This vehicle was chosen due to the quantity and availability of information on the specifications of the car. Additionally as it is a fairly modern SUV it would have done a WLTP cycle fairly recently and therefore data will be accessible on its performance. 

3) Vehicle characteristics

a) Test mass
car specs a-z says the Kerb weight to be 1704 kg (Carfolio A-Z, 2020)




The 120kg is an assumption that has been made as most test have 120kg added to the kerb weight of the vehicle to simulate the fuel, oil, passengers and luggage. A heavier vehicle will mean that more power needs to be used to propel the vehicle forwards, ultimately increasing the fuel consumption.

b) Frontal area
The height of the vehicle is 1684mm
The width of the vehicle is 1839mm

Area = 1684mm X 1839mm
Area = 1.684m X 1.839m
Area = 3.097m^2







c) Rolling resistance coefficient








d) Aerodynamic drag force

Coefficient of drag (cd) is 0.35 (Carfolio A-Z, 2020)
Average velocity over the WLTP cycle is 46.6km/h (Volkswagen, 2024)
46.6km/h = 12.94m/s



This is then used in the WLTP cycle to get an understanding of the level of resistance slowing the vehicle down. 

4) Coast down test
A coast down test was carried out to look at the time taken for the vehicle to go from a set speed to 0, without braking (letting the resistance slow the vehicle down). The test was carried out at 1 degree C and was carried out on an old airfield (flat), with overcast but dry conditions. The tests were repeated 3 times in each direction to get an average to improve the accuracy of the data. The timings are shown below:
20 mph = 33.68 seconds
40 mph = 68.5 seconds
60 mph = 97.75 seconds
These are fairly reliable data due to the differences being quite reasonable. This is because at greater speeds the resistance increases as well, due to the aerodynamic drag of the vehicle.




5) Appropriate WLTP
The WLTP (world harmonised light vehicle test procedure) cycle is a test that looks at the vehicles acceleration and deceleration in a controlled environment. The test is carried out at an temperature of 23 degrees C. It cycle is split up into 4 segments (ranging from low to extra high) they happen for a set period of time at certain speeds, shown below by the graph on the speed of the vehicle throughout the cycle. It has to be carried out by every vehicle that has been brought to the market need to run by this test. There are different categories of WLTP test that vary depending upon the power to weight ratio and then the speed of the vehicle, as shown be the information below.
Class 1:
· Power to Kerb weight <=22
· If max velocity >= km/h, then class 1b is to be chosen
· If max velocity < km/h, then class 1a is to be chosen
Class 2:
· Power to kerb weight > 22 but <=34
· If max velocity < 90 km/h, then class 2a is to be chosen
· If max velocity >= km/h, then class 2b is to be chosen
Class 3:
· Power to kerb weight > 34
· If max velocity <135 km/h then class 2a is to be chosen
· If max velocity >=135 km/h then class 2b is to be chosen 

The appropriate WLTP cycle for the Volkswagen Tiguan is the class 3b this is because the power to weight ratio is greater than 34 as shown in the formula below.



Also the reason for the vehicle being in 3b not 3a is due to the top speed being more than 135 km/h criteria for the class 3a group.  The top speed is 127mph (204.387km/h) (Parkers, 2018). 
Figure 1 - the WLTP cycle of class 3b
6) Energy requirement investigation
a. Areas of the cycle where the kinetic energy could be recovered
Figure 2 - acceleration and deceleration of the vehicle throughout the WLTP cycle
The deceleration energy lien (in red) shows all the potential energy that could be recovered for each second of the WLTP cycle, whilst the acceleration energy (the blue) line shows the amount of energy that is used in the WLTP cycle.

b. Forces being applied to the vehicle throughout the WLTP
The rolling resistance, which was calculated earlier, influences the vehicles performance. This is a constant value throughout the WLTP as the speed will not have an effect on the vehicle.
Figure 3 - the aerodynamic drag force on the vehicle

Figure 4 - the vehicles force through accelerating and decelerating.
Figure 5 - the total forces acting on the vehicle.
Figure 6 shows all the forces affecting the vehicle during the WLTP cycle, some of which use the formulas in section 2 of the report.
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Description automatically generated]Figure 6 - all the different forces affecting the vehicle and the vehicles force itself.

c. Cumulative tractive and breaking energy
This graph converts the speed of the vehicle into the work done (joules), using the formula below. This was carried out for both acceleration and breaking data to get a comparison of the energy being used during the WLTP cycle.



Figure 7 – cumulative tractive and braking energy throughout the WLTP cycle
This shows that the vehicle uses a lot more energy accelerating over the entire WLTP cycle than when the vehicle is decelerating. The cumulative tractive ranges from just under 2 times to just over 5 times the cumulative breaking, with an average value of 2.98 times. 
d) Maximum KERS energy input and energy storage

The maximum energy when accelerating is 3735767.84 joules. shown by figure 8
Figure 8 – acceleration period 
The maximum energy when decelerating is 317332.98 joules, shown in the graph below.
Figure 9 - the deceleration period energy
Figure 9 shows the amount of energy that could be stored over the period the vehicle is decelerating (creating energy that the KERS system could use). The peak energy that could be recovered during the WLTP cycle is 317332.98 joules towards the end of the cycle when braking from a high speed to stationary (130km/h to 0km/h).
However, the maximum energy that is going to being used to calculate the kinetic energy recovery system is not the 317332.98 joules. This value is calculated when braking from almost 130km/h, this is not a realistic level of braking.  The probability of the driver needing to break from 130km/h to 0km/h is very low.  The value being used is the next highest peak of the WLTP cycle. This value is 230104.34 joules and is calculated when the brakes are being applied at 70km/h.
7) Suitable KER system
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Description automatically generated]Figure 10 - break down of the kinetic energy system. (energy education)

The amount of energy that can be used is 230104.34 joules. The energy that is retrieved is connected to the motor generator unit – kinetic energy (MGU-K) through that tend to have a 98% to 99% efficiency (Roymech, 2020). The MGU-K converts the kinetic energy to alternating current, allowing it to be stored for later on. The MGU-K tends to have an efficiency of approximately 90% (over 95% efficiency for ones being used in a f1 vehicle). The efficiency for this system is 92.5%, this means that the joules stored are 208589.59J.
This energy then goes through the PCU (power control unit) where the current is converted from AC to DC. The PCU  tend to have an efficiency of 89% to 92% efficiency (Anil Trehan, 2012). So, assuming the efficiency of the PCU to be 90%, this would then give out a converted value of 187730.63J.
The battery receives the DC energy from the PCU and then stores it. The battery will have an efficiency of between 90% to 95% (Flux Power, 2020). Assuming the battery has an efficiency of 95% retained storage would have a value of 178344.1J. However, the battery needs to hold double the size of the energy that is to be stored, to make sure that the depletion does not have a significant impact on the batteries output. The battery required would need to have a capacity to store 356688.1963J (0.099080054527778kWh) (8.257ah using a 12V battery). An example of this could be the ultra max LI9-12 (the battery masters, 2024) that has a max ah of 9Ah using 12V. 
The charging of the battery then goes into reverse, due to the energy being charged and discharged in the same way. The efficiency values of the components will be the same for discharging as they were for charging. Leading to an overall energy output of 160509.69J put back into the system.








8) KER that is returned to the wheel road contact 

The amount of energy that can be put back into the road is 160509.69J calculated through the section above. However, this only suggest what the maximum energy that can be put back into the road is and is therefore not related to the entirety of the WLTP cycle. Therefore, using the same calculations above for the entire WLTP cycle of when the vehicle is decelerating (leading to energy being able to be stored using the KERS system) its clear to see when energy can be put back into the road during the WLTP cycle, shown below in green.
The purple line on the graph shows what energy the ICE (internal combustion engine) would have to put in for vehicle to compete the WLTP cycle with the KER system. This would then reduce the amount of energy the engine would have to make as well as the pollution levels of the engine dropping significantly as well. If the efficiency of the components could be improved. This would lead to better performance of the vehicle due to kinetic energy recover system being able to apply more of the deceleration energy to wheels to drive the car forwards.
 Figure 11 - cumulative graph of energy being recovered and put back into the system.
The energy output (green line) on the graph shows the amount of energy that has been stored whilst braking during the WLTP cycle using the KERS of the cumulative braking (shown in red). This energy can then replace the amount of energy the ICE would generate to make the vehicle move at the same speed, shown by the purple line. This system would help to reduce the emissions of the vehicle and ultimately the amount of energy the vehicle wastes. The energy that has been put back into the vehicle to drive the vehicle forwards can save between 17.5% to 32.5%  of the total output of the ICE at low and medium speed, whilst at top speeds it can reduce the emissions by 10% to 20% shown in orange. The KER system could be designed to only work when at lower speeds to save the amount of energy the engine must work, ultimately making the vehicle more efficient at lower speeds.




9) The KER system
a. How it operates
The ERS (energy recovery system) started off in f1 and has slowly been brought into commercial vehicles. The system can be incorporated in two different areas of the vehicle, either through the brakes or the exhaust. For this report we have focused on the braking system of the vehicle.
When the brakes are applied the KERS kicks in by recovering some of the lost energy, usually lost through heat via motor (also known as the MGU-K) and gears. The motor then allows for the energy being gathered to then be converted from kinetic energy to alternate current, which is then stored into either a battery, fly wheel, or capacitor. The central processing unit (CPU), or the driver for a formula one vehicle, can then decide when is the best time to apply the recovered energy to the crankshaft to give an increase of power to the wheels. At the appropriate time to apply the recovered energy from the battery, flywheel or capacitor, the energy will flow in a reverse direction of how it was initially stored. Once it reaches the MGU-K it is then applied to the rear wheels through gears. The energy recovered when braking will be slightly less than the amount that is being applied to the engine for various reasons: one of which is due to the components giving out heat another reason is due to frictional losses of components that rotate e.g. the MGU-K system and the gears.
Instead of a battery the system could use a flywheel or a capacitor. The reason for not choosing a flywheel is that the depletion of energy on a flywheel is much greater than the depletion of a battery. This is largely due to the rotational and frictional losses of the flywheel being high compared to the battery depletion rate. The battery depletes as it loses the ability over time to generate new ions that run the battery. The frictional losses of a flywheel are substantially greater than the batteries depletion. 
The reason for choosing a battery over a capacity is due to the storage capability. A capacitor is used when there is a rapid charge and discharge required, this is not great as an energy storage device for a vehicle. Whilst a battery is designed to retain a large amount of energy for an extended period, perfect for a KER system.

b. Assumptions
There is no consideration of the efficiency between gears and the wheels spinning. There is likely to be some loss of energy. There would need to be an assessment of the efficiency of the gearbox’s flywheel and other components to evaluate the actual energy output. 
It has also been assumed that the mass of the KER system does not influence the amount of energy the engine requires when the system is in place. When the mass of a vehicle has increased it requires more power to move the vehicle, meaning that the KER system would not be as effective as previously calculated.
Another assumption is that all the energy that has been stored in the system when braking will be used the next time the vehicle accelerates. This may not be the case as the vehicle could decide not to use it straight after it has been stored and wait until a different period to use the energy.

c. Variations between an ICE and KER system when driving.
One difference between the KERS and the ICE is that there will be a larger boost to the power experienced when the driver applies the accelerator. This is due to the electrical energy from the KERS system giving a boost to the engine when accelerating. This would mean that the acceleration of the vehicle would increase when applying the same throttle percentage.
Another aspect is that the driver would feel that when they apply the brake peddle the car would feel like the vehicle is slowing down much faster with the KERS system compared to just frictional brakes.

10) Conclusion
The KERS system that has been implemented onto the Volkswagen Tiguan seems to have significant benefits, especially at lower speed, for the amount of energy the ICE would have to output, and therefore the emissions would be reduced. This could be implemented on the vehicle, however the costs of the products have not been taken into consideration and therefore it is unlikely to be done due to the cost. However if technological advancements happen then the cost of the products are likely to reduce and then could be considered.
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12) appendix:
the calculations for working out the efficiency of the vehicle using the maximum energy value: 
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cumulative tractive and braking energy
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