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i. [bookmark: _Toc64134341]Introduction
For this alternative propulsion assignment, I have selected the MK8 Volkswagen Golf 1.5 TSI as the subject of study. This model provides an excellent example of a modern, fuel-efficient vehicle that integrates advanced technologies such as variable cylinder management and mild hybrid assistance. In this project, the Golf 1.5 TSI will be used to illustrate and analyse several technical aspects, including the Kinetic Energy Recovery System (KERS). To support this, I will research and calculate essential vehicle parameters such as test mass, frontal area, aerodynamic drag coefficient, and rolling resistance coefficient.
All findings will be validated in accordance with the Worldwide Harmonized Light Vehicle Test Procedure (WLTP) to ensure the accuracy and reliability of the data. Using this verified information, I will produce graphs showing both the cumulative braking energy and the cumulative tractive energy required at the wheels throughout the WLTP driving cycle. Furthermore, I will analyse and plot the amount of kinetic energy that is recovered and transferred back through the wheels during contact with the road. This analysis will demonstrate the vehicle’s overall energy performance and highlight how efficiently the Golf 1.5 TSI captures and reuses energy under real driving conditions.
[bookmark: _Toc1030557143]Vehicle Dynamics
To achieve a realistic rolling resistance value for the Golf 1.5 TSI, I selected the Goodyear EfficientGrip Performance 2 tyre, as this model is designed to reduce friction and improve overall efficiency. Using this tyre gives a rolling resistance coefficient of around 0.007, which suits the type of vehicle and reflects how it would perform with a modern, low-resistance tyre. A lower rolling resistance means the car needs less energy to keep moving, which helps reduce fuel consumption and also improves the amount of energy that can be captured by the KERS during braking. The figure of 0.007 assumes the tyres are new and in good condition; worn or damaged tyres would naturally increase rolling resistance, sometimes rising to 0.008 or even 0.012, which would reduce efficiency. (5)
The rest of the required vehicle data was gathered from reliable sources and technical databases, which are listed in the reference section at the end of the report. One part that needed calculating was the test mass, as the WLTP procedure adds extra weight to represent equipment and payload. Using the WLTP formula, the test mass is worked out by adding 25 kg for instrumentation and then including 15% of the payload on top of the kerb mass. This ensures that all the energy calculations and graphs that follow reflect realistic driving conditions and the WLTP standards, giving accurate results for the later analysis of braking and tractive energy
	
	
	
	Units
	Reference Number

	Kerb mass
	=
	1387
	kg
	2

	Test Mass
	=
	kerb mass + 25kg +(0.15  X Payload)
	
	

	Test Mass
	=
	1487
	kg
	

	Frontal Area
	=
	2.21
	m^2
	1

	Drag Coefficient
	=
	0.275
	
	1

	Rolling Resistance Coefficient
	=
	0.007
	
	



iii. [bookmark: _Toc788622805]WLTP Cycle
The Volkswagen Golf 1.5 TSI sits in Class 3 of the WLTP test system, just like most modern family cars. This class is based on something called “specific power,” which is basically the engine’s power divided by the car’s weight. Anything above 34 W/kg counts as Class 3, and Golf’s of 79.307 W/kg puts it well inside that range. In simple terms, it means the Golf has enough performance to be tested using the WLTP’s top level, which is designed for today’s typical passenger cars rather than slower or lighter vehicles. (7)
Because it’s in Class 3, the Golf uses the most demanding version of the WLTP driving cycle. This test includes higher speeds, stronger bursts of acceleration, and a longer overall run, giving a mix of town, country, and motorway-style driving. The idea is to make the results feel closer to what drivers experience on the road. For the Golf 1.5 TSI, that means the fuel economy and emissions figures you see are based on a test that reflects normal everyday use, making them more realistic and easier to compare with other cars in the same class. (7)
	WTLP class calculation
	(110*10^3)/ 1387
	79.30786



iv. [bookmark: _Toc1943934838]Cumulative tractive/Braking energy graphs
The cumulative tractive energy graph illustrates how much work the Golf 1.5 TSI must produce at the wheels across the full WLTP cycle. As the car moves through the different low-, medium-, high- and extra-high-speed phases, the tractive energy steadily increases. Moments of sharper acceleration or higher-speed driving appear as steeper rises in the graph, showing where the engine has to deliver more power to overcome aerodynamic drag, rolling resistance and changes in velocity. This graph gives a clear picture of the overall energy demand placed on the vehicle during the test and highlights how different sections of the WLTP cycle contribute more heavily to total energy use.
The cumulative braking energy graph, on the other hand, shows how much kinetic energy is removed each time the car slows down. Instead of a smooth incline, the graph rises in steps, with each step representing a braking event. These steps align with points in the WLTP cycle where the vehicle sheds speed, and therefore where the KERS system has the chance to recover useful energy. The size and frequency of these rises give a good indication of how often and how heavily the car brakes during the cycle, revealing the main opportunities for energy recovery under typical driving conditions.
When both the tractive and braking graphs are combined, they offer a clear comparison between the energy the vehicle needs to keep moving and the energy that can be captured again through regeneration. The tractive line reflects the total mechanical work required to complete the WLTP cycle, while the braking line highlights how much of that energy is available for recovery. Seeing the two displayed together makes it easier to understand the balance between energy input and energy loss, as well as the realistic limits of what the KERS can reclaim. This combined view helps demonstrate how the Golf manages its energy flow throughout the test and shows the overall potential for regeneration in real-world driving.
[image: ][image: ][image: ]
v. [bookmark: _Toc1740153113]Largest Possible Moment of KERS
Although the Golf 1.5 TSI’s KERS system can theoretically recover up to around 990 kJ of energy during the WLTP cycle, the amount the car can actually reuse is much smaller. Mild-hybrid systems like this one are limited by the size of the 48-volt battery, the starter-generator charge rate, and the mechanical limits of the belt drive. Because of this, only a portion of the braking energy makes it back into the battery and then back into the drivetrain. Research into similar mild-hybrid setups shows that they typically manage to recover and reuse around 10–20% of the braking energy during normal mixed driving. Under ideal stop-start conditions this can rise to around 30–35%, but this is very much a best-case scenario and not something you would expect all the time. For the Golf, the usable figure is likely towards the lower end of that range, simply because the battery fills quickly and cannot accept high power for long periods. Even so, the energy that does get reused is enough to make low-speed acceleration smoother and take some of the load off the petrol engine.
As Volkswagen does not publish an exact recovery percentage for the Golf’s mild-hybrid system, the best approach is to reference studies that look at typical energy recovery levels for 48-volt hybrids. These sources explain the usual limits on regeneration and give realistic figures that apply directly to systems like the one fitted to the Golf. They show that while mild hybrids cannot store large amounts of energy, they are still able to capture a noticeable share of what would normally be lost during braking, helping to improve overall efficiency without adding the weight or complexity of a full hybrid system. This makes the KERS a practical addition to the car, offering small but useful gains in everyday driving while keeping the system simple and lightweight.
[image: ][image: ]
vi. [bookmark: _Toc1813402604]Suitable KER system 
Fitting a variable-geometry turbocharger to the Golf 1.5 TSI would naturally alter how the engine behaves, and that change would influence the operation of its mild-hybrid KERS system. Because a VGT can adjust the position of its internal vanes, it is able to build boost earlier at low engine speeds and keep airflow efficient as revs rise. This gives the engine a smoother delivery of torque, cutting down on the hesitation that a fixed-geometry turbo can create. With stronger low-rpm performance coming directly from the turbo, the engine would rely less on the small bursts of electric assistance the KERS system normally provides when pulling away or accelerating gently. Instead of stepping in to cover moments of weak boost, the hybrid system would be used less frequently for performance support, as the engine can now respond more quickly on its own. In effect, the mechanical upgrade takes over some of the workload, allowing the KERS system to shift its attention more towards improving efficiency rather than masking gaps in the power curve. (8(
This also changes the way the KERS system collects and uses energy over the course of a typical journey. A VGT helps the engine run more efficiently by reducing exhaust restriction and improving how the turbo uses the available exhaust energy, which means slightly less energy is wasted as heat. Because of this, there may be a small reduction in the amount of kinetic energy available for the KERS system to capture during braking and coasting phases. Although the difference is marginal, it reflects the fact that a more efficient engine produces fewer losses for the hybrid system to reclaim. At the same time, the need for electric torque assistance drops, as the improved turbo response makes low-speed driving smoother without relying on the hybrid boost. The KERS setup still contributes to start–stop operation, light assistance and coasting, but it becomes more of a background efficiency feature rather than a tool for filling performance gaps. In this way, a VGT doesn’t 8replace KERS but subtly redirects its role, allowing the engine to take the lead in performance while the hybrid system focuses on maintaining overall efficiency.
vii. [bookmark: _Toc1936953476]KE Recovered
The total amount of kinetic energy available for recovery during the WLTP cycle was calculated to be approximately 990.53 kJ, representing the maximum braking energy that the Golf’s mild-hybrid system could theoretically capture across all deceleration events. This figure helps illustrate the overall potential of the KERS system, as it shows how much energy is normally lost as heat through the friction brakes during a full WLTP drive. However, the Golf’s 48-volt starter-generator and small battery limit how much of this energy can actually be stored and reused. Based on typical performance of similar mild-hybrid systems, only around 10–20% of the available braking energy can realistically be recovered in everyday driving, with an absolute upper limit of around 30–35% under ideal stop–start conditions. Applying these values to the calculated total means that the Golf would normally be able to reuse roughly 100–200 kJ of energy during the WLTP cycle, with higher figures being unlikely due to battery charge limits and the torque capacity of the belt drive.
Even with these restrictions, recovered energy still plays a useful role in improving the vehicle’s efficiency. The portion that is successfully stored in the 48-volt battery is fed back into the drivetrain during low-speed acceleration, helping the engine during the moments when it is least efficient. This small amount of electrical assistance smooths the car’s operation in slower traffic while reducing the overall fuel demand placed on the petrol engine. Although mild-hybrid systems like the Golf’s cannot recover or reuse energy on the same scale as a full hybrid or electric vehicle, the calculated values demonstrate that they still offer measurable gains during normal driving. The recovered energy contributes directly to improved drivability and reduced fuel consumption, showing how even a modest KERS system can make better use of energy that would otherwise be wasted.

	MAX KE

	KJ

	990.5279
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viii. [bookmark: _Toc676784231]Comparisons to conventional friction brake systems
Compared with a conventional friction braking system, the Golf’s KERS setup changes how the car manages energy during deceleration. In a standard braking system, all of the vehicle’s kinetic energy is converted directly into heat through the brake discs and pads, which means the energy is completely lost. With the Golf’s mild-hybrid system, part of this energy is captured by the starter-generator before any friction braking takes place. This allows a portion of the braking effort to be handled electrically rather than mechanically, reducing the demand on the discs and pads during lighter braking events. Although the 48-volt system cannot recover anywhere near the amount of energy a full hybrid or EV can, it still manages to reclaim a useful share of what would otherwise be wasted.
Even with this benefit, the KERS does not replace the need for traditional friction brakes. When braking sharply or at higher speeds, the system quickly reaches its recovery limits due to the small battery capacity and the maximum torque the belt drive can transmit. In these situations, the friction brakes take over entirely and provide the full stopping force. However, by handling some of the lighter deceleration phases, the KERS system helps reduce brake wear and can slightly extend the life of the pads and discs. Overall, while KERS cannot match the stopping capability of a purely mechanical system, it adds an extra layer of efficiency by turning small amounts of braking energy into something the engine can use, rather than letting all of it be lost as heat.
ix. [bookmark: _Toc801826965]Conclusion
Overall, the analysis of the Golf 1.5 TSI’s KERS system shows how even a mild-hybrid setup can make meaningful use of energy that would normally be lost during braking. By recovering part of the vehicle’s kinetic energy and feeding it back into the drivetrain, the system helps reduce fuel consumption, smooth low-speed performance, and improve overall efficiency without adding the weight or complexity of a full hybrid. Although the amount of recoverable energy is limited by the 48-volt battery and the design of the starter-generator, the results from the WLTP cycle demonstrate that the system still provides clear benefits in everyday driving. Together, these findings highlight the value of mild-hybrid technology as a practical and efficient addition to modern combustion-engine vehicles.
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