[image: ]

University of Wales Trinity Saint David
Engineering Academic Discipline
Alternative Propulsion
Noah Newman
Student Number: 2411257
Motorsport Engineering
23/11/2025
Engineering management, innovation, and sustainability. ACHA 5012, ACHA 5007
Word count: 2,667









Contents
1.0 Introduction	4
2.0 Characteristics of the vehicle	5
2.1 Vehicle of choice	5
2.2 Vehicle justification	5
2.3 Dynamic characteristics of the Polo	6
Overview on values	6
2.4 Summary	7
3.0 WLTP Cycle	7
3.1 Selection of WLTP Class	7
3.2 Rationale for choosing class 3	8
3.3 WLTP class 3 speed trace	8
4 Results from WLTP spreadsheet	8
4.1 Tractive forces Vs Time	9
4.2 Rolling resistance Vs Time	10
4.3 Aerodynamic drag Vs Time	11
4.4 Accelerating forces Vs Time	12
4.5 tractive power Vs Time	13
4.6 Cumulative tractive energy Vs Time	15
5- identification of KERS	15
5.1- Energy Vs Time	16
5.2 Cumulative braking energy	17
6- KERS Systems	17
6.1 selection of KERS systems	17
6.2 Supercapacitor requirements	18
6.3- Values and efficiencies	18
6.4- Justification	19
7- KERS Output (Energy that’s returned to the wheels)	19
7.1- Cumulative energy Vs Time	20
7.2- KERS System (Energy in vs out)	21
7.3 Relationship between KERS and braking	22
8- System operations and conclusions	22
8.1- Driver feeling	22
Conclusion	22
References-	23











[bookmark: _Toc215419048]

[bookmark: _Toc215419184]1.0 Introduction 

Reducing overall fuel consumption and improving vehicle efficiency has become an integral part of the automotive industry moving forward as environmental regulations continue to tighten and the regulations are getting far stricter. One technology that follows these tight regulations is Kinetic Energy Recovery System (KERS), KERS is a technology that retains kinetic energy that would be lost as heat during braking, KERS can improve the efficiency of the powertrain whilst also helping reduce fuel consumption by using this energy to support it in accelerating or lessen engine load. Cope, L. (2025)  
This paper focuses on the 2014 1.0 Litre Volkswagen polo BlueMotion, an already economy-focused, designed with low weight in mind, reduced aerodynamic drag for better fuel economy, analysing KERS with these characteristics make it suitable for this application. (2014) VW Press UK

[bookmark: _Toc215419049][bookmark: _Toc215419185]2.0 Characteristics of the vehicle 

[bookmark: _Toc215419050][bookmark: _Toc215419186]2.1 Vehicle of choice
To analyse the impact of a Kinetic Energy Recovery System (KERS), I chose a Volkswagen Polo 1.0 Litre BlueMotion (2014) which is used as the reference vehicle. The car of choice is a small hatchback passenger orientated which is utilised mainly for urban and mixed driving cycles, making it a good choice for studying the benefits of regenerative braking. 

[bookmark: _Toc215419051][bookmark: _Toc215419187]2.2 Vehicle justification
This vehicle has several characteristics which make it the perfect vehicle for KERS analysis:
· Non-hybrid baseline: The potential efficiency advantages from KERS can be accurately assessed without overlapping with systems as the polo doesn’t have any electronic assistance whilst also being a traditional petrol-powered internal combustion engine. Jaglen, A.S. (2025)
· Low mass: Small, lightweight, compact hatchbacks quite often display frequent stop-start environments where a crucial amount of energy can be recovered.
· Urban usage profile: Vehicles in WLTP Class 3 cycle are often in conditions where high braking frequency is required
All these characteristics align with the requirements for KERS system and how the recovery can be demonstrated. RAC Drive (2025)

[bookmark: _Toc215419052][bookmark: _Toc215419188]2.3 Dynamic characteristics of the Polo
The following dynamic characteristics of the polo are suggested below. All the values are found from mechanical guidelines and published figures for my model.
	Parameter
	Value
	Things that are considered

	Mass
	1354 kg
	Including the driver, fuel and passengers 

	Frontal area 
	
	Manufacturer data

	Rolling resistance (Crr)
	0.011
	

	Drag coefficient (Cd)
	0.307
	Published aerodynamics data

	Air density 
	1.225
	



[bookmark: _Toc215419053][bookmark: _Toc215419189] Overview on values
Mass: WLTP requires that you include the standard passenger and payload mass. the polos kerb mass is roughly 1151 kg, taking additional weight into consideration, it weighs 1354 KG. 
Crr: the value for rolling resistance is lower than average due to the Polo running eco optimised tyres. The Continental ContiEcoContact 5 have a rolling resistance value of 0.011 which are pumped up to 34 psi.
Frontal area and Cd are consistent compared with the published values for VW design information. The polo brochure (2014)


[bookmark: _Toc215419054][bookmark: _Toc215419190]2.4 Summary
In summary, the VW polo 1.0 Litre BlueMotion offers a representative platform for the research into KERS. It also provides significant possibilities for a regenerative braking study due to its usage pattern, mass and aerodynamic profile enable reliable WLTP based modelling. 



[bookmark: _Toc215419055][bookmark: _Toc215419191]3.0 WLTP Cycle
[bookmark: _Toc215419056][bookmark: _Toc215419192]3.1 Selection of WLTP Class
WLTP Class 3 is best recommended for hatchback cars with greater test mass and performance potential, is best suited for this research. This cycle appropriate for the research into energy-demand and frequent braking related research the chosen vehicle is within the average mass range for class 3 operations. (RAC Drive (2025); Worldwide harmonised light vehicles test procedure (2025) Wikipedia)

[bookmark: _Toc215419057][bookmark: _Toc215419193]3.2 Rationale for choosing class 3 
The driving behaviour of typical hatchback cars operating in a mixture of different conditions such as, urban, suburban and extra-urban is supposed to be representative of Class 3. This fits in with the vehicles intended driving capabilities and operating window. Which includes moderate-speed driving in suburban areas, occasional higher speed driving, as well as regular stopping in urban settings. Diesel net (2024)
Class 3 offers a range of different acceleration and deceleration conditions, making it possible to accurately measure the braking phases that are needed for kinetic energy recovery. Diesel net (2024)
[bookmark: _Toc215419058][bookmark: _Toc215419194]3.3 WLTP class 3 speed trace 
The WLTP Class speed trace is split into four different phases such as, low, medium, and extra high) and lasts thirty minutes. Realistic patterns of tractive and braking demands are appropriate for KERS performance is created by cycles consistent decelerating, decelerating and cruising events.  
The speed trace in the modelling phase is recorded at one second intervals which allows the calculation of instantaneous acceleration, tractive forces, braking power, and cumulative energy flows. 

[bookmark: _Toc215419059][bookmark: _Toc215419195]4 Results from WLTP spreadsheet 

[bookmark: _Toc215419060][bookmark: _Toc215419196]4.1 Tractive forces Vs Time
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AI-generated content may be incorrect.]Figure 1- Tractive forces Vs Time

Figure 1 shows the attitude of the main forces on the vehicle and how they change throughout the WLTP Cycle. The constant variations in speed cause the acceleration force to massively shift sharply, causing positive spikes when accelerating and decreases when braking. In higher speeds of the cycle the aerodynamic drag force has a slow increase at this part of the cycle, this is due to the rolling resistance relying on vehicle mass and tire parameters rather than speed hence it is plateauing early on. Gillespie, T.D. (1992)
 The total tractive force increases when acceleration is at its highest and then decreases during deceleration events. This is a great example of when a KERS system can recover lost energy though braking. Overall, the graph highlights how short WLTP driving is and how clear each force affects the vehicle in areas.

[bookmark: _Toc215419061][bookmark: _Toc215419197]4.2 Rolling resistance Vs Time

Figure 2- Rolling Resistance Vs Time

Figure 2 explains how consistent rolling resistance is against time. It remains constant all the way throughout cycle. This is to be expected due to rolling resistance being heavily reliant on the vehicles mass, coefficient of roll (Crr), and gravitational force. The rolling resistance consistently stays close to 140 N due to none of the previous parameters mentioned changing during the cycle. The flat profile confirms that rolling resistance corresponds to the overall tractive force generated at the wheels providing a constant baseline load on the Polo no matter the speed. 

4.3 Aerodynamic drag Vs TimeFigure 3- Aerodynamic drag Vs Time

Throughout the WLTP Class 3 cycle, the aerodynamic drag increases and decreases as shown in figure 3 due to variations in the vehicles speed. The drag is low quite often near zero at much lower speeds due to the aerodynamic resistance at lower speeds. Figure 3 also shows how much the drag force increases when the vehicle accelerates into higher speed sections of the cycle. When the Polo hits its peak speed towards the latter end of the graph, the drag levels are at their highest. In this instance aerodynamic drag peaks between 1600 and 1700 N, which indicates a significant rise in quadratic suggested by the equation below: 

The final deceleration is represented by a gradual decrease to zero at the end of the cycle. overall, the graph states how much of an effect aerodynamic drag contributes to tractive force demand 
[bookmark: _Toc215419063][bookmark: _Toc215419199]4.4 Accelerating forces Vs Time

Figure 4- Accelerating Forces Vs Time

Figure 4 states that a large fluctuation throughout the cycle, suggesting significant variations during the class 3 cycle. the increased spikes show where the vehicle is accelerating where the decrease shows when the vehicle is decelerating or braking. The early phases of the cycle (0-800 S) of WLTP’s stop-start behaviour, where the vehicle sees frequent bursts of acceleration accompanied by immediate stopping, are defined by numerous fast changes between each of the values. 
When the vehicle hits higher speeds and more noticeable speed variations which allow the acceleration forces to increase in size when the cycle gets into medium and high-speed zones at around 800-1500 seconds. The negative fluctuates which states heavy braking was taken out during the high-speed phase. The negative acceleration forces are significant for KERS as they can accurately define when energy is available for recovery. 









[bookmark: _Toc215419064][bookmark: _Toc215419200]4.5 tractive power Vs Time


Figure 5- Tractive power Vs Time

Figure 5 shows how the wheel changes under continuous braking and acceleration across the class 3 cycle. the negative numbers represent the deceleration and possible regenerative braking. Whilst propulsion is indicated by the positive values. The change in tractive power remains relatively low despite quick changes during the early phase (0-800s). when the vehicle moves into the medium and high-speed phases (800-1500s) we see the power peak, this is due to aerodynamic drag and higher acceleration demands. The extra high-speed phase has the largest amount of power out of the cycles between 1400 and 1600 seconds. Yet strong braking in the same area is corresponds with the negative spikes. In summary the graph shows exceptionally erratic power requirements whilst defining the times when energy recovery is possible. 





[bookmark: _Toc215419065][bookmark: _Toc215419201]4.6 Cumulative tractive energy Vs Time

Figure 6- Cumulative Tractive Energy Vs Time

From the following graph it shows that the vehicle needs energy for propulsion to overcome the resistive forces, hence the graph showing a gradual rise in cumulative energy during the whole cycle. The small increases at the early phase, whilst the high-speed sections higher consumption power causes a huge increase at 1400 and 1700 second mark. The drops in data reflect braking periods where tractive energy is no longer in use or being added. The graph states the areas with the highest energy demand and illustrates how overall energy consumption increases the course of the cycle.

[bookmark: _Toc215419066][bookmark: _Toc215419202]5- identification of KERS 

[bookmark: _Toc215419067][bookmark: _Toc215419203]5.1- Energy Vs Time
  
Figure 7- Braking energy Vs Time
The graph above shows the cycle of braking energy and illustrates the variations in intensity over the course of the different cycles. Small braking occurences start early in the cycle from 0 to 800 seconds, which from the graph states low energy values. The higher speeds cause the vehicles braking energy as it approaches the medium to high speed phases from 800-1400 seconds. The best potential for KERS to recover is when the vehicle starts to decelerate from the high speeds around the 1400 and 1750 second mark. Follwing this stage, as the car begins to slow down to complete the cycle, the braking energy returns to zero. 


[bookmark: _Toc215419068][bookmark: _Toc215419204]5.2 Cumulative braking energy  

Figure 8- Cumulative braking
The following graph illustrates how the total braking energy accumulates during the class 3 cycle. the growth is slow in the early low speed section (0-800 seconds) due to it only a small amount of energy is released after braking is applied. As the vehicle enters the medium to high-speed phases between 800 and 1400 seconds the slope rises which indicates the increase in kinetic energy in braking at higher speeds. The steepest growth takes place at the extra high-speed phase were deceleration starts between 1400 and 1750 seconds. By the time the cycle ends the cumulative energy reaches roughly 34 MJ which is the theoretical recoverable energy.


[bookmark: _Toc215419069][bookmark: _Toc215419205]6- KERS Systems
[bookmark: _Toc215419070][bookmark: _Toc215419206]6.1 selection of KERS systems
The WLTP Class 3 cycle braking characteristics make it a good option to implement the supercapacitor-based KERS. From the previous results shown the graphs short braking events happen often with a high instantaneous power with a relatively low energy content which the vehicle experiences. Diesel Net (2024)

For my vehicle of choice, the most suitable was a supercapacitor-based KERS system. Supercapacitors offer many benefits for energy recovery such as, high power density, fast charge/discharge whilst also having a great cycle life. These characteristics match up well with the profile of the WLTP cycle. Such as:
· Short braking events which happen regular
· High peak power spikes
· Rapid charge/discharge reversals
· Low energy per use
From these characteristics supercapacitors are the perfect example for kinetic energy recovery given that they can absorb an immense amount of energy without experiencing efficiency loss or depletion. Science direct (2019)

[bookmark: _Toc215419071][bookmark: _Toc215419207]6.2 Supercapacitor requirements 
From the results it’s easy to gauge that the KERS system must manage at least 30 kW, with a margin of 40 kW for both charge and discharge. Since the spike in braking from the data reaches around 30-35 kW. With this knowledge, a storage capacity of 50-150 kJ is essential as different braking events usually include 5-10 kJ of energy that can be recovered.

[bookmark: _Toc215419072][bookmark: _Toc215419208]6.3- Values and efficiencies
Supercapacitors have very high efficiency characteristics due to their low internal resistance. The values I found are as follows:
· Charging efficiency: 98%
· Discharge efficiency: 98%
· MGU efficiency: 92%
· DC-DC converter: 92%
The system at some points will return most of the braking energy when utilised together, with an overall return efficiency between 85% and 92%. This high efficiency is maintained throughout when the vehicle is being utilised in high power events. This compared batteries such the Nickel-metal Hydride which has a total efficiency of around 55%-75%. Holtkamp, M. and Alonso, G. (2020)

[bookmark: _Toc215419073][bookmark: _Toc215419209]6.4- Justification  
Power capability is far more important than energy capacity since the WLTP braking patterns displays, brief, high-power episodes often throughout the cycles. Supercapacitors have a great lifespan as they show low deuteriation and great efficiency whilst also performing fast charge and discharge cycles. They are one of the best and most efficient KERS solution because their performance models closely align with the braking requirements of the Polo.


[bookmark: _Toc215419074][bookmark: _Toc215419210]7- KERS Output (Energy that’s returned to the wheels)

[bookmark: _Toc215419075][bookmark: _Toc215419211]7.1- Cumulative energy Vs Time

Figure 9- Cumulative Energy Vs Time
Figure 9 shows the amount of braking energy that the super capacitor collects over time during the WLTP Class 3 cycle is displayed on the graph above. When the cycle is in its early stages during the low and medium speed stages, the brake incidents are less frequent and smaller. Harder braking and kinetic energy being more available cause the rate of increase to become much steeper when the vehicle reaches the high- and extra-high-speed sections which happens between 1400- 1750 Seconds. With the total regenerated energy continuing to rise throughout the cycle, this shows when the KERS efficiently recovers when decelerating.  
[bookmark: _Toc215419076][bookmark: _Toc215419212]7.2- KERS System (Energy in vs out)
[image: ]
Figure 10- KERS System Energy IN vs OUT
  
 The following graph shows how the KERS uses its energy and how it recharges itself. The traction energy regeneration (Red) represents the amount of energy that is recovered from the supercapacitor after the energy has been used. Whilst the braking energy (Green) shows a big spike which illustrates the energy that can be accessed when the car is decelerating. The energy that is returned to the wheel is shown by the energy out (Purple). Which shows the energy that has been released back to the drivetrain during acceleration events.
The highest regeneration and discharge are located around the 1400-1750 seconds, which coincides with the intense driving cycles heavy braking. It is evident from the graph that the supercapacitor is working efficiently producing brief power outbursts when accelerating, shown by the energy out closely aligning with the regenerated energy. 

[bookmark: _Toc215419077][bookmark: _Toc215419213]7.3 Relationship between KERS and braking 
The characteristic of the WLTP cycles braking is close to identical in the KERS output. The highest regeneration and discharge occurrences take place by strong braking points, between the point s1400 and 1750 Seconds. This shows that the system is functioning as its meant to as the capacitor is storing the high-power braking energy and releasing it at the right moments.   


[bookmark: _Toc215419078][bookmark: _Toc215419214]8- System operations and conclusions 
[bookmark: _Toc215419079][bookmark: _Toc215419215]8.1- Driver feeling
The driver may feel subtle differences compared to a traditional ICE. This is due to the system combining regenerative braking with friction brakes, the car will feel slightly more responsive when the stored energy is released when the car accelerates, although the effect is minimal because of the low energy that is used per occurrence. With better brake wear and increased efficiency, the driving feeling will nevertheless feel very similar.  

[bookmark: _Toc215419080][bookmark: _Toc215419216]Conclusion
Overall, the analysis during the WLTP Class cycle 3, states that the supercapacitors provide a reliable means to recover energy. Without changing the way in which it feels to the driver, the system also improves economy on the 1.0 litre VW Polo by transforming braking energy and releasing it for future acceleration. The control systems manage charging and discharging to make sure the operation is done smoothly, and the capacitors swift utilisation of power makes it the perfect system for heavy braking events seen in the WLTP cycle. 
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Cumalative braking
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Cumalative Regeneration
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