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1. [bookmark: _Toc183981642]Introduction and Vehicle Selection:

The purpose of this report is to identify the effects of a Kinetic Energy Recovery (KER) system on the fuel consumption of a selected vehicle, the selection of which involved selecting the correct category of vehicle, then putting that vehicle through the World harmonised Light vehicle Test Procedure (WLTP). From the WLTP the resistances to motion can be calculated, enabling the calculation of power required and work done by the brakes. These values can then be taken to decide upon the best-suited KER system for the selected vehicle.
For the selection of the vehicle, it would be impractical to select a car that already makes use of a KER system, such as hybrid or battery electric vehicles, so it therefore had to be a purely internal combustion engine (ICE) powered vehicle without any existing KER system.
	Considering these parameters the vehicle selected is a Lotus Evora, due to its sporty nature and availability of specifications from various reliable sources.


2. [bookmark: _Toc183981643]Research of Required Dynamic Characteristics:

Four dynamic characteristics required research to begin the calculations of power and tractive forces: Test Mass, Frontal Area, Coefficient of Rolling Resistance and Coefficient of Aerodynamic Drag.
2.1. [bookmark: _Toc183981644]Test Mass:
The test mass can be taken as the kerb weight plus any passengers or luggage carried throughout the World harmonised Light vehicle Test Procedure (WLTP).

 The kerb weight of the Lotus Evora is 1458kg (Ultimatespecs.com, 2016), with an additional driver weight of 75kg added, this brings the test mass to 1533kg.
2.2. [bookmark: _Toc183981645]Frontal Area:
A rough estimate of frontal area was all that was required, as it affected the outputted values and data very little. Therefore, the frontal area was calculated in this way:

Using this formula, the Frontal Area was calculated to be 2.712m².

2.3. [bookmark: _Toc183981646]Coefficient of Rolling Resistance:
The coefficient of rolling resistance is entirely dependent on the tyre selected for use during the test. An average rolling resistance coefficient was taken to be 0.01.
2.4. [bookmark: _Toc183981647]Coefficient of Aerodynamic Drag:
The coefficient of drag is a stat that is often published by the manufacturer to critics and spec databases, so can be easily found. The drag coefficient of the Evora was found to be 0.337 (Green, 2008).

3. [bookmark: _Toc183981648]WLTP Spreadsheet and Calculations:
There are three classes of WLTP, which provide an array of tests for vehicles that possess different power/weight ratios. The Lotus Evora falls into the 3rd class, with its power/weight ratio of approximately 150W/kg. Figure 1 shows the velocity/time graph for the WLTP:Figure 1

From Figure 1 it is possible to determine the total resistive force to motion, which is the sum of the Aerodynamic, Rolling and Acceleration Resistances. From these resistances and using the acceleration data listed in the WLTP spreadsheet you can plot power against time, shown in Figure 2.Figure 2

From Figure 2 it was possible to separate the braking and tractive energies by splitting the graph into positive and negative, positive being tractive power and negative being braking power. Since most KER systems use regenerative braking as means to harvest excess energy, braking energy is plotted against time in Figure 3.Figure 3
Figure 3


The highest peaks in Figure 3 show the maximum amount of work done by the brakes under braking. From that it is possible to determine the largest amount of energy that could be generated using a 100% efficient KER system.
To determine the desired capacity of the Lotus Evora KER system, it is necessary to isolate one braking zone, and therefore one peak on Figure 3, and calculate the area underneath the curve to determine the amount of energy that could be harvested by a KER system. The one of the largest peaks is shown in Figure 4.Figure 4




Calculating the exact area beneath the curve generated in Figure 4 is impossible due to the irregularity of the curve, which means it is not viable to take the definite integral of the equation of the curve. To estimate the kinetic energy released you can use the trapezium rule that is often used to estimate integrals. This method works well as it gives you a slight overestimate, which provides a margin of error when deciding the capacity of the KER system storage vessel.
Using this method, it was determined that the largest input to the storage vessel was 134.62kJ, which translates to roughly 0.037kWh. This gives us an approximate idea of the necessary capacity of the storage vessel within the KER system, and an approximate length of the braking zones that are typically utilised in the average journey, all this information should be considered when deciding upon a KER system for the Lotus Evora.

4. [bookmark: _Toc183981649]Different KER Systems and Their Characteristics:

There are 4 relevant types of KER systems, each with their own advantages and disadvantages.
4.1. [bookmark: _Toc183981650]Flywheel Based KERS:
This system is often used in small lightweight electric vehicles (EVs) and small industrial vehicles. This type of system is well-suited to these applications due to their simple mechanical nature and ease of repair, however their lack of energy density compared to other options makes them ill-fitted to practical applications within small and sporty road vehicles such as the Evora.
4.2. [bookmark: _Toc183981651]Elastic Energy Storage:
This method of energy storage is by far the oldest and simplest, utilising the elastic properties of a material to store small amounts of energy. This method would not be suitable for automotive applications due to the incredibly small capacity and engineering requirements of a full-size version, which is the primary reason that its main function is within clocks and toys and other small-scale applications.
4.3. [bookmark: _Toc183981652]Battery-based KERS:
This is the most developed and researched method in the modern world, which makes it the most common and preferred method for almost every EV in current production, in addition to most ICE-Hybrid vehicles. This is one of the reasons behind its selection for use as the basis for the KER system in the Lotus Evora.
5. [bookmark: _Toc183981653]KER System Selection:

There are many advantages to selecting a battery-based system for use within a small sports-car, chief among which is the energy/volume specifications, which are comparable if not better than its competition in other types of system. There is little space to play with in the Lotus Evora, it being incredibly compact in its design, so having a high energy/volume ratio is crucial for a well-designed system.
Another advantage to battery-based systems is their availability on the global market. Regenerative braking in KER systems have been around in equivalency for over 20 years, meaning they have been well researched and improved upon throughout those 20 years. This means that their energy efficiency has been improved upon more than other, younger systems, although this efficiency can vary depending on the type of battery utilised within the system.
Mild hybrid electric vehicles (MHEVs) tend to utilise lithium-ion batteries, such as in the Fiat 500 MHEV, due to the presence of only one battery that is charged using an enlarged alternator to account for the extra energy used by the electric motor. This type of battery is ill-suited to the Lotus Evora, however, due to the presence of a lead-acid battery that is used for accessories and the starter motor, much like most pure ICE vehicles on the market.
It's for this reason a Lithium-Titanate (LTO) battery was selected, due to its higher efficiency and common usage in KER systems. The efficiency of LTO batteries can exceed 90% in perfect cases, with reviews putting real-world figures at roughly 85% in both directions.

6. [bookmark: _Toc183981654]Components:

The components required come down to the requirements of the system and the vehicle.
6.1. [bookmark: _Toc183981655]Battery:
From Figure 4 it was determined that the average peak input energy was 37Wh, meaning that our battery capacity should be around 40Wh to accommodate any anomalies. These batteries typically have an energy density of 80Wh, giving the battery a total weight of 0.5kg.
6.2. [bookmark: _Toc183981656]Electric Motor:
The electric motor functions as both means of propulsion and generation and needs to be able to both handle extreme energy inputs and outputs. To provide the Lotus Evora a large enough power increase to be felt by the driver. This was calculated to be roughly 22kW, which means that the selected battery will be able to power the motor at full power for 6.5 seconds. The system will very rarely run at full power, and can regenerate this energy with some to spare in each braking zone shown in the WLTP. Motors of this specification and of quality design would typically weigh 30kg, making up the bulk of the total weight added by the system.
6.3. [bookmark: _Toc183981657]Control System:
Every KER system needs a set of electronics to control the passing through the system, however structurally it is a very small part of the system. The components within this sub-system are simply circuit boards and computer chips, which wouldn’t weigh more than 0.2kg. Including this component, the total efficiency was calculated to be 85%; due to differences in compatibility and differing driving styles this was assumed to be the average across all eventualities.

7. [bookmark: _Toc183981658]New Calculated Data:

With the system in place, the energy harvested from deceleration and braking is reduced, as is the power that is outputted to the wheels upon application of the throttle.
The maximum ideal input energy from Figure 4 was calculated to be 134.62kJ. When we run this through the KER system with an efficiency of 85% the following is the result:

The power outputted to the wheels goes through the same system from the battery to the electric motor, therefore the same efficiency needs to be applied to the power output: (assuming maximum throttle):




8. [bookmark: _Toc183981659]Effects and Analysis:

The driver would be the first person to notice the changes that the KER system has made to the Lotus Evora. In the case of day-to-day driving on ordinary roads the effect would not be in the driving sensation, but in the economy figures, which are estimated to improve by 10-15%.
During high intensity driving, however, the driver would notice an increase in power availability, which would result in an increase in acceleration performance.
Overall this is an improvement for the Lotus Evora, in both high-speed and ordinary driving styles. It can also be said that this has several advantages over the factory-built Evora, with the increased engine resistance acting as increased engine braking, which will in turn decrease wear on the brake assembly and the brake pads, requiring less maintenance. For these reasons this project could be considered a success if it was put into production. 

9. [bookmark: _Toc183981660]References:
Ultimatespecs.com. (2016). Lotus Evora. [online] Available at: https://www.ultimatespecs.com/car-specs/Lotus/40774/Lotus-Evora-.html#google_vignette [Accessed 27 Nov. 2024].
‌Green, R. (2008). Lotus Evora breaks cover. [online] evo. Available at: https://www.evo.co.uk/lotus/evora/9192/lotus-evora-lotus-evora-breaks-cover [Accessed 27 Nov. 2024].
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Braking Power (kW)



Braking Power Against Time (969-985)

969	970	971	972	973	974	975	976	977	978	979	980	981	982	983	984	985	0.28246863280638146	4.2335354951650377	11.450782164406386	20.600121400671636	23.210632455777013	20.323124403405188	17.375933173842586	14.5241041881164	9.1118562805835719	5.11219759226557	3.6038339823250523	2.3581510963804635	1.4742680523761467	1.1229016905952001	1.0866658844595991	0.70858802221960615	0.16560733300160274	Time (s)


Braking Power (kW)
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