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My chosen car for this assignment is my personal car, the 2015 Volkswagen Golf GTI Mk7 manual. I have chosen this car not just because it’s my car but because I believe I have a good interest in it and have a decent enough knowledge of the car beforehand. I also have the car to hand so can use the physical car if needed for testing. I also believe this car is a good example of a car where, as much as it has it performance characteristics, it is still widely used as a daily car for many people, therefore making the everyday commute and fuel economy figures for this, vital for these types of buyers/drivers.
Dynamic characteristics 
Test Mass
To Start, the Golf’s Curb mass is 1348kg as taken from the technical spec page for the car online. (media.vw.com)
To get the test mass I will need to add the weight of a 90% full fuel tank and passenger weight, as per the WLTP regulations on test mass.  
The fuel tank is 50 litres when full, so 90% would be 45 litres, petrol density is 0.7 kg/litre so 45 litres will be 31.5kg.
I have also found online that the test mass with passenger weight includes 68 kg for driver and 7kg of additional weight for luggage. (golfmk7.com) 
Therefore, overall test mass will calculate as: 1348+31.5+68+7 = 1455 kg
Frontal Area
Through online research, I have found the Golf’s frontal area to be 2.23 square meters. This data is from (airshaper.com) who have done aerodynamic studies on the recent models of Golfs and have explained that the frontal area has stayed the same over recent models, including the mk7, at 2.23 square meters
Rolling Resistance coefficient
I have found the RR Coefficient to be 0.02 from valid online research.
Coefficient of Aerodynamic drag
The coefficient of aerodynamic drag for the Golf is 0.31. This was found in the main tech spec document online, the same as sued for the mass calculations. (media.vw.com)
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This graph displays the 3 tractive forces, (Accel, Rolling and Aero) calculated for my chosen vehicle using the researched and gathered data, along with the total tractive force calculated from the 3. This graph demonstrates the dynamic forces acting on a vehicle during a WLTP driving cycle and highlights the importance of an effective KERS in capturing energy during deceleration.
KERS Application: Negative spikes in the “Total Tractive Force” line represent deceleration phases where the kinetic energy of the vehicle can be recovered using KERS. The high fluctuation of forces shows the need for a responsive energy recovery system to maximize efficiency during braking and acceleration cycles. Efficient KERS implementation would aim to capture energy during deceleration and use it to offset acceleration demands, thereby reducing fuel consumption or extending electric range.

















This graph displays the tractive power against the time of the cycle. This is the total tractive force, multiplied by the vehicle speed in m/s. These values represent the mechanical power transmitted by my vehicle to its wheels to any overcome resistance such as the rolling resistance from tires, aerodynamic drag etc. The positive aspects of this data display when the vehicle is generating power to propel forward and overcome resistances. The negative parts of the data occurs when the vehicle is slowing down through mechanical braking or engine breaking etc., or even through regenerative braking when the vehicle almost acts like a generator or storage system to store energy for later in a KERS.




















This graph displays the cumulative traction energy against the cumulative braking energy. The difference between these 2 values is the resultant losses occurred during the cycle, (These losses can be seen in the graph below). These losses can be used to help define a suitable KERS for the vehicle, where these losses can be stored and turned into extra power for acceleration of the vehicle and/or small boosts of electric power to help reduce fuel consumption from the ICE doing the work at all times etc.
























This graph displays the energy losses that occurred during the cycle between the cumulative traction and braking energy. These energy losses can also be considered as the kinetic energy that is being lost through braking, therefore the lost kinetic energy can be taken and stored in a ‘kinetic energy recovery system’ to be used to propel the vehicle later. Helping reduce emissions and fuel consumption, and possibly even improve performance for the cars that have that aspect in mind. The graph depicts a steady and cumulative loss of energy as the cycle progresses. Initially, the energy losses are minor, but as time continues, they accumulate, resulting in a steep decline near the end of the cycle. This is when the more consistent and heavy braking occurs when referring to the WLTP cycle graph, therefore where the most kinetic energy can be recovered.

























This graph displays the traction energy alone against the elapsed time. This graph displays both positive and negative energy values over the period, with the negative traction energy ultimately being the moments when the vehicle is braking. This where a KER system can be introduced to gather and store what would ultimately be waster kinetic energy. This braking energy is highlighted better on the next graph.





















The graph above displays the braking energy (J) occurring at each time interval of the drive cycle. During low-speed phases at the start, the braking energy is relatively low but shows regular peaks due to frequent braking in stop-and-go scenarios. As the test progresses, the energy spikes increase, particularly in the high-speed and extra-high-speed phases, where braking events dissipate more energy due to higher speeds. The highlighted peaks (e.g., 44,056.22 J, 38,334.65 J) likely occur during the high-speed deceleration phases, which involve more intense braking. 
 I have placed the green data marker points on the parts of the cycle where I believe the largest moments of KERS can be gathered from, due to higher braking loads at these points where wasted braking energy from the vehicle can be stored for other use. Peaks such as 44,056.22 J or 38,334.65 J which represent moments of intense braking where the kinetic energy being dissipated is the highest. These moments highlight where KERS can recover the maximum amount of energy during deceleration. By analysing the time intervals of these peaks, (Image below), we can identify when the energy recovery system needs to handle the largest power input, ensuring the system is designed to absorb high rates of energy efficiently. This is taking natural coast down into account where specific energy from the brakes won’t be gathered from. Although if the vehicle is left in gear with the clutch engaged while coasting, you could gather energy recovery from the flywheel and crank where gravity is helping to turn the engine over instead of fuel input. 

	Time (s)
	Braking Energy (J)
	Time Interval (s)
	Power Input (W)

	296
	20563.56
	 
	 

	1575
	44056.22
	1279
	34.44583268

	1627
	37279.08
	52
	716.9053846

	1728
	38334.65
	101
	379.550099

	1737
	21319.92
	9
	2368.88



This table represents the time intervals between each of the main and highest ‘breaking’ moment peaks I gathered. Using this I combined the time intervals and breaking energy values to calculate the power input required at each peak. The shortest time interval out the selected data is 9 seconds, combined with the braking energy on this row of 21319.92 J results in the largest power input from my chosen data of, 2368.88 w. Therefore, I would need to design any specific ‘KERS’ system to handle peak power input of at least 2368.88w or 2.4 Kw. Although this may initially seem like a small recovery amount when compared to most modern-day cars with these systems recover usually a minimum of 10Kw+ during regenerative braking, this was just one of the many braking opportunities to gather data from based on this cycle.
Supercapacitors: High power density, excellent for short-term energy storage during rapid braking. Specifications: Capable of handling ~2369 W or more peak power. Energy capacity: ~50,000 J (to provide margin for energy spikes). Voltage and capacitance depend on the system design (e.g., 48 V system with several Farads of capacitance).
Advantages: Quick charge/discharge rates, long cycle life.
Disadvantages: Low energy density (limited for sustained energy storage).
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I believe a suitable Kinetic Energy Recovery system for my chosen vehicle, based on my research using the WLTP, would be some sort of system that gathers energy from the vehicle braking action over natural coast down. This energy can be stored in a storage device to use afterwards to assist towards vehicle acceleration. A system such as Electrical KERS (Battery-Based) 

Converts kinetic energy into electrical energy using regenerative braking. 
Stores energy in batteries or ultracapacitors.
Energy is delivered back to the wheels via electric motors.
Advantages: 
Higher energy storage capacity than flywheels.
Integration with hybrid or fully electric vehicles.
Can supplement energy for propulsion over longer periods.
Disadvantages:
Heavy (due to batteries).
Efficiency losses in energy conversion (60-70% recovery).
Battery degradation over time.
Recommended For:
Hybrid and electric passenger cars (e.g., Toyota Prius, Tesla).
Urban vehicles with frequent stop-and-go traffic, where regenerative braking can significantly improve fuel economy. 

Therefore, this system would work well within my personal car, and therefore my chosen car for this assignment due to the Golf being an everyday passenger, just with this one being the GTI, also having a sporty edge to it. Although with a disadvantage of the system ultimately being added weight, the Golf GTI ultimately will be looking at reducing weight with upgrades not adding it. 
Based on what I mentioned earlier on about how regenerative braking systems help store energy to help fuel consumption etc., but also the aspect about added performance from an electrical energy boost on initial acceleration. This can be a good aspect for the GTI from a performance point of view giving it a sudden boost of acceleration and torque low down. Furthermore, the as good as my Mk7 GTI fuel consumption is as standard when compared to other relatable cars, a KERS being implemented to help fuel consumption will also hugely benefit this car from a selling point of view if it is able to reduce consumption by having bursts of reused electrical energy propel the vehicle at times such as from a stop etc.

However, in high-performance or niche applications, such as a Golf GTI, flywheel systems or ultracapacitors can offer advantages in terms of efficiency and response time. The choice ultimately depends on balancing cost, weight, and efficiency requirement from the manufacturer.

Suitable Components of the KERS
Supercapacitors: High power density, excellent for short-term energy storage during rapid braking. Specifications: Capable of handling ~2369 W or more peak power. Energy capacity: ~50,000 J (to provide margin for energy spikes). Voltage and capacitance depend on the system design (e.g., 48 V system with several Farads of capacitance).
Advantages: Quick charge/discharge rates, long cycle life.
Disadvantages: Low energy density (limited for sustained energy storage).
Batteries (e.g., Li-ion): High energy density, suitable for absorbing energy over slightly longer intervals.
Specifications: Rated to store ~50,000 J energy. Power output/input capability: ~3000 W (to handle peak power demand).
Advantages: Greater energy storage capacity for extended usage.
Disadvantages: Limited by slower charge/discharge rates compared to supercapacitors; potential degradation at high power.
Hybrid System (Supercapacitor + Battery): Combines the strengths of both components.
Design: Supercapacitors handle peak power, and batteries provide extended energy storage.
Ideal for balancing high-power handling with sustained energy requirements in a mixed urban/highway driving scenario.

These 3 methods of storing the gathered energy are each good in their own ways. I believe that the hybrid system could be the way forward for my chosen vehicle due to the combination of the supercapacitors being more than able to handle the peak power input of 2369 W whilst the batteries are able to extend the energy storage. Also, with the supercapacitors short term energy storage and the batteries absorbing energy over longer intervals, this will cover all the hard and gradual braking sequences experienced over the WLTP cycle. 
From a driver’s point of view, they shouldn’t fell too much difference when compared to a ‘standard’ car with fully ICE and usual break function. They may simply feel a different feeling of acceleration from a go if the reused kinetic energy is used alongside or alone of the ICE engine for short periods to help reduce fuel consumption. An increase in fuel economy should be a vital aspect that the driver should notice with this set up.

To conclude overall, I believe a KER system being applied to my chosen car can benefit it in multiple ways, from a fuel economy perspective, but also a performance perspective if the stored electrical energy is used as an extra boost on acceleration. 2 different advantages to appeal to 2 different target audiences.
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Energy (J)




Traction Energy Vs Time
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A Graph of Tractive forces and Total Tractive forces
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