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This report is an investigation into the effects of utilising a Kinetic Energy Recovery System (KERS) in a vehicle in order to reduce fuel consumption. Kinetic Energy Recovery Systems work through recovering kinetic energy under braking, to then redeploy under acceleration. Also known as regenerative braking, these systems are still to be used alongside traditional friction brakes to ensure the vehicle is able to come to a complete stop, as according to (Reddy & Natarajan, 2018), the KERS on its own does not create enough energy to bring the vehicle to a standstill. 

The vehicle used in this report will be a BMW 130i, the 1-Series from 2005-2011 of the E80 generation, adopting a manual gearbox. This employs a 3.0L straight-six naturally aspirated petrol engine producing 265bhp (198kW) (BMWGroupPress, 2005), with a reported average fuel consumption from factory of 30.7mpg. This vehicle has been chosen due to it being one of the last hatchbacks of its time to have a large engine layout, in particular being regarded as one of BMW’s best straight-six engines. However, many who drive the car note one of its biggest flaws is the fuel consumption. If a suitable KERS was identified it would result in this car having potential for a new lease of life in today’s climate. 
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	Characteristic Name
	Characteristic Details
	Source(s)

	Test mass
	No available test mass figure. 

Test mass calculated below following WLTP guidelines:

WLTP supplied formula:




Kerb weight: 1460kg
GVW (gross vehicle weight): 1890kg



Optional mass = 49.5kg



Test mass = 1609.5kg
	WLTP Test mass guidelines: (UNECE Wiki, 2024)

Kerb weight: (ultimateSPECS, n.d.)

GVW: 
(Car.info, 2024)

	Frontal area
	2.09m2
	(Carfolio, 2024)

	Rolling resistance coefficient
	CR = 0.015
	(Kirkpatrick, n.d.)

	Coefficient of aerodynamic drag
	Cd = 0.32
	(ultimateSPECS, n.d.)


Table 1
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Figure 1
Figure 1 is a graphical representation of total resistance to motion throughout the duration of the WLTP cycle, including acceleration resistance, rolling resistance, aerodynamic resistance, and a combined total resistance. 
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Figure 2
Figure 2 presents the raw velocity data from the WLTP cycle against the total duration of the test. 
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Figure 3
Figure 3 shows the cumulative tractional and cumulative braking energy throughout the WLTP cycle, and how they compare. The difference between these being the losses incurred during the cycle; with this being 138160kW/h at the end of the cycle.  
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Throughout the WLTP cycle the largest braking power value, or largest possible KERS power input, was measured at 39 kW. Therefore, the suitable KERS for use in a BMW 130i needs to be able to hold the equivalent of 39 kW. Furthermore, given the nature of the vehicle; a small hatchback, the selected system needs to be able to fit inside the vehicle without significantly compromising luggage or passenger space. There are several common KERS used for automotive purposes for different reasons. Here, these will be discussed with the one most suitable for use within the BMW 130i highlighted. 
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These systems adopt a mechanical flywheel to store energy recovered under braking. Specifically, this works by connecting a flywheel through a continuously variable gearbox (CVT) to the drivetrain; Gibson describes the CVT as a type of single-speed gearbox (Gibson, 2020). When this gearbox is then moved towards a gear ratio it will cause the flywheel to either spin faster or slower. If the gear ratio causes the flywheel to rotate more rapidly this then starts the storage of kinetic energy, however if it causes the flywheel to spin slower, this discharges this kinetic energy to aid acceleration (Collins, n.d.). The Volvo S60 T5 is a well-known adopter of this KERS (Jones, 2014). 

Mechanical KERS has an estimated kinetic energy recovery efficiency of 70% and can reduce fuel consumption by 20%, according to (Mathews & Nishanth, 2013). These systems can also hold up to 60kW, making its capacity more than viable as a suitable system for use in a BMW 130i (Collins, n.d.). Similarly, Collins goes onto explain that a mechanical KERS designed for use within a Formula One car has a weight of only 18kg, and additionally, a two-dimensional plan view of the system is able to fit within the size of an A4 piece of paper. Hence, these systems have the ability to be lightweight and have very small packaging. The physical weight and dimensions paired with the capacity capabilities make this system more than suitable for use in a 130i. 
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In essence, an electrical KERS works through the use of an electromagnet to gather kinetic energy when decelerating or braking. This is transferred to electric potential energy, and then chemical energy, giving it the ability to be stored in a battery (Sarkar, 2015). Once this battery holds energy, it can be deployed to provide the vehicle with a temporary boost in power through electric motors. An example of this is in Formula One, where KERS could provide a temporary boost of up to 160bhp, or 120kW, in power (Abidi, 2022). 

Compared to mechanical KERS, electrical systems have a much lower efficiency of 30% (mechGuru, 2014). This is due to the number of energy conversions that takes place throughout the entire system. As a result, a much larger amount of kinetic energy recovered that could be used to power the vehicle is not able to be. Electrical systems are also relatively heavy, with some weighing 53.5kg (Hearst Autos Research, n.d.). As mentioned before, electrical KERS are capable of producing up to 120kW in power, however, this figure was taken from a system designed for use in Formula One so it can expected this number will be slightly less for a system used in road vehicles. 
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The hydraulic system is not dissimilar to the electrical KERS. Under braking, kinetic energy is recovered through a pump and used to pressurise hydraulic fluid. This is then held in a hydraulic accumulator, like chemical energy is held in a battery (Panzariu, 2012). The pump then acts as a hydraulic motor when the KERS is requested to provide acceleration power, which is does so through flowing high-pressure fluid back to the pump (Pandey, 2012). 

Hydraulic KERS have been known to have a kinetic energy recovery efficiency of 18% (Kapoor & Parveen, 2013), and also reduce fuel consumption by 18%. It is unclear on a specific weight for a hydraulic KERS, although much online literature suggests the entire system is rather heavy compared to alternative systems such as the systems discussed prior. 
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In conclusion, it seems as though an electrical KERS is most suitable for use in a BMW 130i. This is down to its relatively negligible weight addition of 53.5kg, while providing the most capacity and performance in the vehicle. Furthermore, due to the nature of the system requiring a battery to store energy, this could be used to benefit the vehicle’s handling through placing this battery at the lowest, most centralised point of the car. For example, in some hybrid cars; including many BMW hybrid cars, the battery is located under the rear seat (OpenInverter, 2024), which would potentially improve weight distribution and lower the centre of gravity height. 

However, the driving experience will be altered as a result of the implementation of this KERS. For example, many vehicles which adopt an electrical KERS feature regenerative braking. In some vehicles, once the driver stops accelerating it feels as though the friction brakes have been applied (Wilkinson, 2023). This may be an undesirable side effect of the electrical KERS for some drivers if they desire a more authentic driving experience in the BMW 130i, of which they may be used to in similar performance cars. 

On the other hand, braking distances may be shorter as a result of an electrical KERS since it can provide regenerative braking while the driver also uses traditional friction brakes. Many who drive the BMW 130i will do so partly for its performance, achieving 0-60mph in 6.1 seconds, and so may be drawn to the use of an electrical KERS which can provide even greater performance. On top of this, the BMW achieves an average of 30.1mpg. With the addition of this KERS giving a reduction in fuel consumption of 20%, it may be able to reach up to an average of 36mpg. 
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Cumulative Tractional & Braking Energy vs Time
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Resistance to Motion against Time
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