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[image: Stagecoach: 24107 NK09FLW MAN 18.240/Alexander Dennis Enviro 300 - a ...] This report analyses the effects of introducing a Kinetic Energy Recovery System to an ENVIRO 300 single decker bus to reduce vehicle fuel consumption. This includes researching the dynamic characteristics of the bus, selecting the appropriate WLTP for the bus, specifying a suitable KERS system and plotting the kinetic energy recovered that is returned to the wheel road contact.Figure 1 - ENVIRO 300 Single Decker Bus (flickriver, 2023)
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 According to GOV.UK (2025) the running weight of an ENVIRO 300 is 11125kg based on an assumed passenger weight of 65kg, a length of 12m, a total passenger number 70 people and a kerb weight of 8850kg.
[bookmark: _Toc215354767]Frontal Area
 The frontal area of the bus can be determined using the width (2.5m) and the height (3m) (Academic, 2010).
                                                                                                    (Equation 1)
                                                           (Equation 2)
 Equation 2 shows that the frontal area of the bus on 7.5m2.
[bookmark: _Toc215354768]Rolling Resistance Coefficient
 While there is no specific data that exists on the rolling resistance coefficient of an ENVIRO 300, the tolling resistance coefficient of a heavy vehicle like a truck or bus is 0.006-0.01 (The Engineering Toolbox, 2008). From this, the rolling resistance coefficient can be determined to be 0.008.
[bookmark: _Toc215354769]Coefficient of Aerodynamic Drag
 According to Bayindirli and Celik (2018), the aerodynamic drag coefficient of a bus in 0.633. This value was found during testing in a wind tunnel.

[bookmark: _Toc215354770]WLTP Test Procedure
 To determine the correct WLTP cycle the ENVIRO 300 falls into, it is necessary to know the maximum velocity of the vehicle which is 62mph (Regional Transport, 2025) and the rated power which is 263kW (Volvo, 2025).
                                                             (Equation 3)
              (Equation 4)
                                    (Equation 5)
                                                                        (Equation 6)
                                                                 (Equation 7)
 Looking at equations 3 and 7, the vehicle falls into WLTP class 2 (equation 5), meaning that this procedure will be used when analysing the vehicle. Figure 2 - WLTP Class 2 Cycle Graph

 Figure 2 shows the WLTP Class 2 graph which is created from the provided speed and time data from WLTP regulations. 
 Highlighted in red are some of the areas where the bus would be decelerating during the test procedure. Identifying these areas of braking is important to see where regenerative braking could be taking place. 	

[bookmark: _Toc215354771]WLTP Spreadsheets
 Using the data on the provided WLTP spreadsheet, as well as the researched values in Table 1 (The Engineering Toolbox, 2003), it was possible to create a graph shown in figure 3 showing the cumulative tractive and braking energy.Figure 3 - Snapshot of data calculated to create graphs
Table 1 - Researched Values for WLTP

 Figure 3 shows some of the data that was calculated to determine the cumulative tractive and braking energy. The values are calculated for every second across the entire cycle, allowing for any subsequent graphs that are made to showcase information about the entire cycle.



[image: University of Wales Trinity St David – UniKitOut] Figure 4 shows the cumulative and braking energy required at the wheel over the WLTP cycle. The braking energy has been changed from the initial negative values to positive values to fit the graph. This data is useful to look at when designing a regenerative braking system (Ehsani et al., 2018, p. 378). The energy dissipated in the low-speed range (before 150s) can be considered at insignificant as the energy lost can be left without compromising the energy recovered significantly. This is because the difference between the two lines shows the losses incurred during the cycle, and the space in between them here is so small.
Figure 4 - Cumulative tractive and braking energy required at the wheel over WLTP cycle

KERS Power Input and Energy Storage RequirementsFigure 5 - WLTP Cycle with callouts at beginning and end of braking sections

 Figure 5 shows the entire WLTP Class 2 cycle, highlighting the largest areas of braking. These areas, highlighted in yellow, are the only largest areas where kinetic energy can be recovered as it is only possible when the bus is decreasing in speed.
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 When looking at these areas where kinetic energy can be recovered, it is important to consider natural coast down. While the bus is driving, it can be assumed that the driver will not use the brake every single time the bus decelerates and that natural coast down will have an effect. 
 Natural coast down is where the driver will drive in a naturalistic manner and the car will decelerate when the brake pedal is not pressed, and the acceleration pedal has been released (Li et al., 2020).
[bookmark: _Toc215354774]Calculating the Maximum Energy Available for Recovery
 From the largest areas of braking, it is possible to calculate the maximum kinetic energy that can be recovered using equation 8 (Sang, 2007, p.1) and equation 9. This data can then be used in the process of deciding what KERS system to implement. 
                                                  (Equation 8)
                                                                                     (Equation 9)
 Using equations 8 and 9, they can be combined to find the maximum kinetic energy that can be recovered can be calculated for all the braking areas highlighted in yellow:







 Looking at these values, it is possible to calculate an average value for the energy that can be recovered across the KERS cycle. To do this, the two highest values can be ignored as these happen when the bus would be braking harshly from a relatively high speed to a low speed. This kind of driving is unlikely to happen with the stop/start city driving that the bus will be doing. Bearing this is mind, the average can be found to be 1078.21kW. 
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 Looking at the power data calculated in figure 3, it is possible to find the largest value to determine the maximum power input. This can be seen to be 168.28kW, or around 170kW.
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[bookmark: _Toc215354777]Pros and Cons of each system
 When determining a suitable KERS system to implement, it is important to consider all the pros and cons of each system:
Table 2 - Supercapacitor Pros and Cons
	PROS
	CONS

	Have a very large storage capacity, as well as a high energy density (Yang, Luo & Li, 2017).
	Doesn’t suit driving conditions that involve lot of lower speeds or harsh braking (Birch, 2025)

	They are ideal for handling short, high-current pulses, ideal for stop-start driving (Qoitech, 2025).
	They can add lots of extra weight to the vehicle (Sharma et al., 2019).

	They have a long-life cycle and are low maintenance (Eureka, 2025).
	May require sophisticated thermal management systems in case of high-power flows (Eureka, 2025).



Table 3 - Flywheel Pros and Cons
	PROS
	CONS

	They can recharge quickly; this is ideal for when there is lots of harsh braking (Amiryar & Pullen, 2017).
	Can be mechanically complex due to high-speed bearing and vacuum enclosures being required (Eureka, 2025).

	An asynchronous flywheel is 93.4% efficient (Amiryar & Pullen, 2017).
	Cannot store energy long-term for applications (NenPower, 2025).

	Can be made less complex by using modular designs (Eureka, 2025).
	They can experience catastrophic failure due to fatigue (Lu et al, 2023).

	They have a long-life cycle (Eureka, 2025).
	Might not be as effective at steady high speeds (Olabi et al., 2021).

	They don’t suffer from chemical degradation or require disposal of chemical batteries (Budhlani et al., 2022).
	They can’t store as much energy as other KER systems can (Burns, 2014)



Table 4 - Hydraulic KERS Pros and Cons
	PROS
	CONS

	They have extremely high-power density (Eureka, 2025).
	Some systems can increase vehicle weight significantly (Rensselar, 2012).

	Useful in heavy-duty applications as they are robust (Eureka, 2025).
	Vehicle must have enough space to accommodate the KERS (Rensselar, 2012).

	They are around 74% efficient (Yoon et al., 2015).
	Hydraulic KERS can be quite noisy (Dindorf, Takosoglu and Wos, 2023).

	They are ideal in stop/start driving conditions due to the highly efficient regen system (EPA, 2016). 
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 To select the correct KERS, it is important to first calculate what the system should be capable of storing and delivering.
 The energy required to be stored has previously been calculated to be 1078.21kJ, along with the maximum power input of 170kW. This can be used to determine the time needed to deliver the energy:


Overall, the KERS selected needs 6s at 170kW to fill the energy storage with a capacity of 0.2995kWh.
[bookmark: _Toc215354779]Selected KERS
 For the ENVIRO 300 bus, it makes sense to implement a supercapacitor KER system. This is for multiple different reasons:
· They have a long-life cycle and are low maintenance, making them ideal for buses which will be used for a long time.
· They are ideal for a stop/start driving style of a bus in a city.
· Although it might add lots of extra weight, it doesn’t matter as a bus isn’t designed for performance and already has a high overall mass.
· The motor selected for the system is very efficient at around 90% (Renault Group, 2021). The motor controller can also be up to 95% efficient (Lovati, 2023). Also, in vehicles, supercapacitors are around 98% efficient (Eaton, 2022). All these values together create a total efficiency of 70* (0.95×0.95×0.9×0.9×0.98×0.98).

[bookmark: _Toc215354780]Kinetic Energy Recovered
 To determine the amount of kinetic energy that is recovered and returned, it is necessary to look at the braking energy vs time (figure 6):Figure 6 - Power/Braking Energy Vs Time

 Looking at this, it is possible to determine what value to size the capacitor at. There are areas where the braking energy frequently reaches values around 80kW. Therefore, an 80kJ capacitor has been selected. Although there are areas where spikes go above this, the capacitor system will be fine as they aren’t very frequent and don’t last for a long time.
Figure 7 - Actual Tractive Regen at the Wheel

 Using the value that the capacitor is set to be, along with the efficiency, it is possible to work out the actual tractive regeneration (figure 7), with the values calculated in figure 8.
	Overall System Efficiency
	Braking Energy capped at 80kW power
	Cumulative energy available for recovery
	Actual Recovered Energy
	tractive -regen actual

	0.70207641
	kJ
	kJ
	kJ
	kJ





Figure 8 – Values required to calculate actual tractive regen


 These values made it possible to plot actual tractive regeneration (figure 7). The graph shows the braking energy against the tractive energy, with the difference between them being the energy that would be lost without a KERS. However, with the designed KERS implemented, it is possible see the tractive regen, which shows the energy that is being regenerated.
 Seeing the green tractive regeneration allows the KERS to be seen to be working. The amount of energy being regenerated is above the braking energy which means that the system is working. It is also below the cumulative tractive energy, which shows that the system is not unrealistic by regenerating more energy than is possible, but while still be fairly efficient.
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 The designed supercapacitor KERS system operates by converting the kinetic energy that is present under braking into electrical energy that is then stored in a supercapacitor. This energy is then able to be used to provide a boost in acceleration (Energy Education, 2018). The conversion of this energy is done by a motor generator unit (Batalha, 2025). In this system, it was found to be 90% efficient.
 When the stored energy in the supercapacitor is going to be used, it is redeployed and sent back through the motor generator unit (Energy Education, 2018). This allows the bus to get a boost of power when it is accelerating.
[bookmark: _Toc215354783]Driver Sensations
 Implementing the KERS can cause some drivers to feel unfamiliar with their braking system (Eureka, 2025). The bus’ handling characteristics can be affected due to the varying levels of regen braking, along with the sudden boosts of power during acceleration.
 Overall, the driver of the bus should feel that there is an efficiency gain. This is useful as the bus is doing lots of city driving frequently, causing the city council running the bus to be more sustainable.

[bookmark: _Toc215354784]Conclusion
 In conclusion, implementing a KERS allows the ENVIRO 300 single decker bus to recover kinetic energy that would otherwise be lost under braking. This increases the efficiency of the bus by allowing the kinetic energy to be stored in the supercapacitor KERS and then using it to provide a boost in acceleration.
 Ultimately, implementing a KERS system allows the bus to regenerate kinetic energy and be more efficient.
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