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Introduction

The purpose of this assignment is to develop and KER system for a selected vehicle to improve its overall fuel efficiency. Kinetic Energy Recovery Systems or ‘KERS’ are systems put in place that stores wasted kinetic energy, turned into heat from breaking, and converts it into usable kinetic energy that give the car a burst of extra power. The aims of the assignment are to design a KERS which can successfully reduce the fuel consumption of the selected vehicle based on its WLTP cycle, an international test that all vehicle’s adhere to. 






















	


1. You should select an appropriate vehicle, of your choosing. 

Vehicle – 2013 1.2 Litre Volkswagen Polo
The vehicle I have selected is a 2013 Volkswagen Polo (Volkswagen AG, 2020). I have chosen this car because I am interested to see how a small vehicle, primarily used for daily commutes, can improve its fuel consumption. This car has a completely inconsistent driving cycle for each use depending on a number of variables including traffic and route choice which differ the fuel consumption value each journey.  
Compared to a race or track vehicle which will have relatively consistent fuel consumption values, predominantly depending on the track or circuit the vehicle is operating on. The Polo is less predictable and will be more of a challenge to develop a successful KER system. 























1. Research and identify the required dynamic characteristics of the vehicle, including Test Mass (which is not kerb mass or GVW) 

	Test Mass (kg)
	1242kg

	Rolling resistance Coefficient
	0.013

	Coefficient of Aerodynamic Drag

	       0.32

	Frontal area A (m²)
	2.46

	
	


[image: Road Test: Volkswagen Polo 1.2 TDI Bluemotion 5dr Reviews 2025 | Top Gear]       







       
Test mass = curb mass + oil + petrol + passenger + driver + luggage
       Length: 3970mm
Width: 1682mm
Height: 1462mm
Front Track: 1463mm
Rear Track: 1456mm
Power hp = 59
       Kerb weight = 1017kg
Gross weight = 1550kg
Parkers (2025)
WLTP = Class 3
Power/Mass Ratio (PMR) = (Power (HP) * 745.7)/ Mass (kg) = 34.5
1. Select the appropriate Worldwide harmonised Light vehicle Test Procedure (WLTP) for your selected vehicle. 

I have selected to use ethe WLTP Class 3 test. This is the appropriate test for my selected car because it has a has a Power / Mass Ratio (PMR) of 34.5 w/kg. The PMR required to carry out the Class 3 Test is 33 W/kg making this the suitable test for my selected vehicle.
 

























1. Produce a spreadsheet to: 
Plot the cumulative tractive energy required at the wheel over the WLTP cycle. 
Plot the cumulative braking energy required at the wheel over the WLTP cycle. 

















1. Identify the moments of largest ‘possible’ KERS power input and energy storage requirements. (Assume that the energy for each recovery period is used before the next recovery period). These values should be used to help you to define your system requirements.
 
Max breaking event = 106977.6 J
T = 1713 s

The largest breaking event occurs between 1730 – 1730 seconds during the cycle where the cumulative breaking energy increased from 13340447.93 J to 1344745.53 J leaving a total regenerative energy of 106977.6 J. 
Assuming that the energy for each recovery period is used before the next recovery period (as stated in the brief), the KERS device must be able to store at least 107 KJ of energy.
This moment represents the maximum possible KERS charging power. This is the point at which the car is losing the greatest amount of reusable kinetic energy, the KERS system therefore must be able to absorb this maximum power level to prevent wasting available energy as heat in the brakes.  

KERS Input Power Calculation =  Change in E / Change T
107 KJ / 1 s = 107 KJ

107 KJ is the maximum instant power the KERS can physically absort.












1. Specify a suitable KER system, size the components and find values of their efficiencies. 
 
Introducing a Kinetic Energy Recovery System to the Volkswagen Polo will show a significant decrease of fuel consumption and will improve the cars overall energy efficiency by storing energy that would’ve been wasted and using it to assist propulsion. 

The KER system I have chosen to use is an Electro – Mechanical KERS. Based on the cars regular driving cycles of urban commutes included frequent breaking and acceleration the Electro – Mechanical KERS will be effective in assisting the car’s engine.

The Kinetic Energy Recover System:
· Lithium Ion Battery
· Electric Motor/Generator Unit (MGU)
· Power Control Unit (PCU)


Lithium Ion Battery: 
· Long life cycle: Can potentially last thousands of charging cycles, lowering the chance for replacing the storage device and adding cost. For a small and cheap car this is ideal as keeping costs low is a key aspect. 

· Efficiency: Highly efficient, up to 90% total efficiency resulting in a small amount of wasted energy which is vital for lower power cars when any extra power provided will make a significant difference.

Do lithium-ion batteries last longer than lead acid?
https://www.thepilotgroup.co.uk/lithium-ion-battery-vs-lead-acid-battery/

· High energy density: Capable of storing masses of energy without taking up excess space and potentially the ruining aspects of the car. As the Polo is only small, taking up any space whatsoever will make a noticeable difference to the comfort and practicality of the car so keeping size it to a minimum is important.
(Engineering Toolbox, no date)




Electric Motor/Generator Unit (MGU):
The MGU serves a purpose of converting mechanical energy into electrical energy. Taking the stored kinetic energy and making it into a usable power source.

Power Control Unit (PCU):
Used for exchanging the current of electricity between the power storage (in this case a Lithium- Ion Battery) and the MGU.
(Energy Education, no date)

Sizing the Components: MGU

Max breaking event = 106977.6 J
Energy Recovered = 107 KJ
Time duration = 1 s

MGU required Power = Energy Recovered / Change in Time
107KJ / 1 s = 107 KW
This shows that the MGU must have a mechanical Power of at least 107 KW

Mechanical input power = Power MGU / Efficiency MGU 
MGU efficiency = 85% = 0.85
107 KW / 0.85 = 125.88 KW

Energy recovered = 126 KJ
MGU must be capable of supplying 126 KW to the battery.







Battery Sizing:

Battery Efficiency = 95% = 0.95
Energy Battery = Energy Recovered / Battery Efficiency

126 KJ / 0.95 = 132.63 KJ
Showing that the battery must be able to store at least 133 KJ.
The maximum breaking value is 133 KJ, the MGU must be capable of supplying 126 KJ. This is assuming that there is only one breaking event of this size. To ensure there is enough energy, I will assume there to multiple breaking events on the drive cycle of this size, up to 5 as an estimate.
One greatest breaking event:
Energy Total = 133 KW * 5 = 665 KJ
 
This is within the storage capabilities of the Lithium-Ion Battery, capable of up to 700 KJ. (Energy Storage Density, no date)
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Component Ratings
MGU Power = 126 KW
MGU Efficiency = 85%
Battery Capacity per event = 133 KJ
Battery Capacity for cycle = 665 KJ
Battery Efficiency = 95%








Integration of car powertrain:
The Electro-Mechanical KERS will integrate with the car’s engine (ICE). When the car breaks the system’s MGU will begin to recover energy, storing it in the Li-Ion battery. When the car begins to accelerate, the stored kinetic energy will then be discharged from the battery and used to give the engine a boost of power, assisting in acceleration and improving fuel consumption.


Size:
The battery would be stored underneath the rear seats or in the boot floor. Because the car is small, space within the cabin is scares and taking up more room would have an effect of the passenger’s comfort. The MGU however would be integrated with the driveshaft in order to function correctly.

Packaging:
Out of sight and away from passengers o ensure comfort and have a little effect of their journey as possible.

Installations:
The battery would be stored underneath the rear seats or in the boot floor. Because the car is small, space within the cabin is scares and taking up more room would have an effect of the passenger’s comfort. The MGU however would be integrated with the driveshaft in order to function correctly.

Efficiency
Greatest breaking Event = 107 KJ 
MGU Efficiency = 85%
Battery Efficiency = 95%

Total Efficiency = 107 KJ * 85% * 95% = 107 KJ * 0.85 * 0.95 = 86.4%
Total Efficiency = 86.4% 






1. Plot the Kinetic Energy Recovered that is returned to the wheel road contact. 
 















1. Explain how the system operates, assumptions made and variations that the driver may feel, when compared to the conventional ICE and friction brake vehicle. 
 
The electro – mechanical KERS operates by recovering the kinetic energy lost when braking the car and storing it for later use. Doing this makes use of energy that would other be waste as heat and can instead be used to provide power when accelerating.
(High Power Media, no date)

The electro – mechanical system was chosen because of its effectiveness, size, and cost.
The car of which the system will be implemented to will have an urban driving cycle, with frequent breaking and accelerating. This is ideal for the chosen KERS and accompanying components such as the Lithium-Ion Battery as they have fast discharge times and will improve the cars effectiveness. 
The size of the system was a key element to the selection of the KERS. As the car is a lot smaller than most, taking any room whatsoever does run a risk of ruining the cars comfort and passenger enjoyment. The selected system can fit neatly in the boot of the car. 
The cost was another aspect that plays a major role. The Volkswagen Polo is a moderately cheap, spending too much on the KERS defeats the purpose of making the car more fuel efficient when you can buy a more fuel-efficient car for the same price.

Other KERS option such as the Mechanical Flywheel systems are much heavier and are also more difficult to install within the car. With more components involved there is a greater overall cost as well a greater risk of something going wrong. They also involve a large heavy flywheel spinning at very high speeds which could potentially affect the cars handling when driving.
(Explain That Stuff, 2024)


The driver may feel more power when initially accelerating due to stored up kinetic energy in the battery. The new braking system will add weight some weight to the vehicle and may therefore have a slight effect on the handling of the car. Especially if the system is installed on one side of the car, over time the weight may pull one side of the car down toward the group and effect the cars handling.

The driver may feel more power when initially accelerating using the stored up kinetic energy in the battery. The new braking system will add weight some weight to the vehicle and may therefore have a slight effect on the handling of the car. Especially if the system is installed on one side of the car, over time the weight may pull one side of the car down toward the group and effect the cars handling
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Cumulative Braking (J) Vs Time (S)
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Cumulative Braking Energy (J)



Cumulative Tractive Energy (J) Vs Time (S)
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Cumulative Tractiveg Energy (J)



Cumulative Recovered Energy (J) Vs Time (S)
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