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[bookmark: _Toc183891999]Introduction
During this assignment I will be talking about a KERS system that is designed to utilise the energy used in decelerating and use it else where within the car. My targeted vehicle will be a 1999 Honda civic ej9. During this report I will be detailing what KERS I have chosen and why. I will also be detailing the benefits of a KERS system. Finally, I will be showing wither or not a KERS is worth implementing and if it changes much on the vehicle.
My vehicle – 1999 Honda Civic EJ9 
Vehicle information 
	Top Speed
	110 Mph / 177 KM/h

	0-62 mph
	10.8 s

	Power
	89 HP at 6300 RPM

	Engine
	Inline 4

	Bore
	75.0 mm

	Stroke
	79.0 mm

	Volume
	1396cm^3

	Max Torque
	91 lb-ft/ 124 nm

	Length
	419.0 cm

	Width
	170.0 cm

	Height
	138.0 cm

	Wheel Base
	262.0 cm

	Fuel Tank
	9.9 Gallons/ 45 L

	Fuel Consumption (WLTP)
	32 MPG

	Drivetrain 
	FWD

	Test Mass(kg)
	1377.5

	Frontal Area(m^2)
	1.96

	Coefficient of Drag
	0.231

	Rolling Resistance 
	0.0095


  (Ecomodder, 2024)



[bookmark: _Toc183892000]Chapter 1 – What is KERS?
KERS (Kinetic Energy Recovery System) is a technology that recovers energy during braking and stores it for later use. It enhances a vehicle's efficiency and performance by converting kinetic energy into reusable energy.

[bookmark: _Toc183892001]Types of KERS
· Capacitor
What is a capacitor? A capacitor in a KERS system sometimes referred to as a super capacitor is a device used to store and release energy. It is used in systems like regenerative braking as they can handle rapid charge and discharge cycles. The role of a supercapacitor is to be an energy storage, for example when the car is breaking it will generate kinetic energy this system will take that energy and convert it to electrical energy with the help of a motor generator unit (MGU). Like mentioned before the supercapacitor is ideal for a rapid charge and discharge cycle, as the capacitor can absorb energy and realise energy almost instantly the energy can be used to accelerate the road wheels. 
When looking at a car like a Honda civic, with having only 123nm of torque and 90 bhp it is not a car that will be quick off the line or a car that will excel at overall speed. By using a super capacitor, it can benefit the car’s overall acceleration over short periods, ideal for driving short distances or driving in high-speed corners.  Due to this system being designed to last a capacitor is also a good choice for this as it can run for over a million cycles and within this it works at a 95% efficiency.
Although Supercapacitors often store less energy than a battery in this application it won’t be used for extended battery use.
(Raj, 2024)






· Battery 
A battery in a KERS system is also another device used to store electrical energy that is found in braking. But the difference between battery and capacitor is that the battery is ideal for storing large amounts of energy over slightly longer periods which will make them ideal for economy or hybrid vehicles. Similar to a capacitor it will be used in conjunction with a MGU, to help with acceleration, power auxiliary systems and reduce the load of the engine. By having the motor in the car it can be used to boost overall fuel efficiency by taking an a load of the engine and using the energy stored to power the road wheels. Batteries in KERS systems balance the need for power density (to handle high charge/discharge rates) and energy density.  Batteries degrade over time with repeated charge/discharge cycles, particularly under high-power conditions. Choosing a high-cycle-life battery chemistry is critical for longevity in KERS applications. Batteries generally have slower charge/discharge rates compared to capacitors. This can be mitigated by using batteries with a high C-rate, designed for rapid energy flow. 
This type of KERS system is not what I am looking for in a Honda civic ej9 as I need a system that can be used over short periods of time and a system that will last longer than the battery can provide. 
Different Types of batteries, Lithium-Ion (Li-Ion), The most widely used rechargeable battery type, offering high energy density and moderate power density.  Lithium-Iron-Phosphate (LiFePO4), A safer and more durable subtype of lithium-ion batteries. Lithium-Titanate (Li-TiO), An advanced lithium battery type known for its high charge/discharge rates and exceptional cycle life.











· Flywheel
A flywheel in a KERS is a mechanical device that stores energy as rotational kinetic energy. It is an alternative to electrical energy storage systems like batteries or capacitors, offering high power density and efficiency. Flywheels are particularly useful in systems requiring rapid energy storage and discharge, such as motorsport or public transport applications.
During braking, the vehicle's kinetic energy is converted into rotational energy by spinning the flywheel. This is done through a motor-generator or a direct mechanical connection (a continuously variable transmission, CVT). The flywheel stores energy as rotational kinetic energy, the faster the flywheel spins, the more energy it can store.  When the vehicle accelerates, the stored rotational energy is converted back into mechanical or electrical energy to assist propulsion. 
Flywheels have lower energy density compared to batteries, meaning they can store less energy for the same weight or size. High-speed flywheels require advanced containment systems and vacuum chambers to minimize friction and energy losses. A spinning flywheel at high speeds can be dangerous if the containment system fails, requiring robust safety measures. High-performance flywheels, especially those made of carbon fibre or other advanced materials, can be expensive.
Different Types of Flywheels: Conventional Steel Flywheels, Heavy but durable, suitable for low-speed, high-torque applications, High-Speed Composite Flywheels: Made of lightweight materials like carbon fibre to achieve high rotational speeds safely. Used in motorsports and aerospace applications. Magnetically Levitated Flywheels: Use magnetic bearings to minimize friction and operate in a vacuum to reduce energy losses. (Same, 2024)








[bookmark: _Toc183892002]What is WLTP?
WLTP (Worldwide Harmonized Light Vehicles Test Procedure) is a global standard for testing and measuring vehicle emissions, fuel consumption, and energy usage under more realistic driving conditions. It falls under 3 categories.
class 1- Ratio of rated power in W / kerb mass in kg ≤ 22 (version 1.4):
Class 2- Ratio of rated power in W / kerb mass in kg > 22 but ≤ 34 (version 1.4):
Class 3- Ratio of rated power in W / kerb mass in kg > 34 (version 5):
Most road vehicles will come under the class 3 including the Honda Civic ej9 I have chosen as it has a higher power to weight than 34.  Within each class there is a velocity against time graph that can be produced and broken down into section (Low, medium, high and very high ) . These sections allow for many different vehicles to have different velocity allowing there to be a wide range.

Figure 1














[bookmark: _Toc183892003]Calculation 
	Specification
	Value

	Test Mass
	1377.5

	Coefficient of rolling resistance 
	0.0095

	Frontal Area
	1.96

	Coefficient of drag
	0.231



Test mass was found by using the university of Wales trinity st Davids corner weight. With a full tank and 2 people in the car plus luggage. 
Using this information plus the information provided from the WLTP you can start to calculate the amount of regen energy available, first you must work out your resistance forces acting upon the car. First is:
 Acceleration forces which is calculated using the formulae 
Next is:
Aerodynamic forces: 

Finally, it is rolling resistance:

You can also work out the total force from these:

To show this you can produce a detailed graph that will display all 3 forces and the total force. 


Figure 2
You can calculate even more information now that I have the total forces such as the total power. Using the formulae Figure 3

This is a graph produced showing tractive power over time for the WLTP cycle.
This graph is vital for us to be able to identify where there are points of possible regen energy. For example, if you analyse the graph, you can see that the positive parts are indicating acceleration of the car, but the negative is where energy is being losses due to braking and heat. This is the key part where we can implement a KERS into the mix to regen the lost energy. This amount of energy is indicated in the brake energy column on the excel spreadsheet.  Due to the use of a supercapacitor and the system that is require the there will be a slight loss of regened energy due to the 98% efficiency loss going in and 98% efficiency. 
We can also produce a graph on braking energy which will help get an understanding of where possible regen can accrue:Figure 4


By analysing this graph, you can see the variation in braking energy over time or distance, showcasing fluctuating energy values. Positive values indicate regenerative energy recovery, while negative values represent energy dissipation during braking. Initially, fluctuations are relatively minor, but as the process progresses, the intensity increases, peaking around 20,000 units before sharply declining. The spikes and variability may suggest dynamic braking conditions. This data could be analysed further to assess braking efficiency, energy recovery, and system performance.
My chosen KERS is a supercapacitor for a Honda civic ej9, the system will incorporate an energy capture system that will be my first I will be using:
 Eaton XLM-62R1137A-R Module:
Voltage: 62.1V
Capacitance: 113F
Equivalent Series Resistance: 5.6 Mohms
Reason for choosing this is the high-power density which makes it suitable for rapid energy cycles.  (EATON, 2024)
I will then be using a Controller more accurate a Texas Instruments BQ25798 charger:
The charger has an input voltage range of 3.v to 24 v and a charge current of 5 A, reason for choosing this one is it has a Buck-boost charger with integrated FETs for efficient energy conversion and host-controlled, allowing flexibility between Li-ion battery and supercapacitor charging. 
(Falin, 2024)
After the controller will be a Motor- Generator unit (MGU):
The MGU captures kinetic energy during braking and assists during acceleration.
Bosch Electric Motor-Generator Units: Designed for hybrid systems with efficient energy recovery. Compact design suitable for integration into various vehicle platforms. Idea for putting in a small hatchback. 
After specifying my KERS system, I can now work out my total energy regen from my system with working to a rough 95% efficiency using a supercapacitor and I can also work out the energy returned to the wheel after it and compare to the system without KERS. 

Figure 5
This graph explains my KERS system gains. You can see the tractive energy gained after KERS is a massive increase compared to the power without, this shows that the energy being lost is now being utilised and sent back through the system aided the cars performance. You can also see the total regen energy gained from the KERS system. 


[bookmark: _Toc183892004]Conclusion:

In conclusion my KERS system (Supercapacitor) is ideal for my type of car as it will allow for rapid charge and discharge. This is perfect for my application of helping acceleration of the line and in corner speeds, due to having a low torque and low horsepower car being on the brakes during a corner will allow for rapid charge and then instant discharge for acceleration out of the corner, this will allow for the car to be quicker and take extra load of the engine. As you can see from all the graphs the KERS system is a great benefit to my overall figure and would leave a huge impact on performance. This system has an overall low efficiency loss so the energy regen is as close to 100% as it can be. If I was to take this system a step further, I would integrate a vehicle dynamic control system, meaning a system that will interface with the KERS to help with assisted torque to improve handling and even a control system that will assist traction control.
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Graph to show energy with and without a KERS system
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Velocity (m/s)



2

image1.jpeg
Prifysgol Cymru

x’x‘w Y Drindod Dewi Sant
¢ University of Wales

Trinity Saint David





