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Kinetic Energy Recovery Report
This report will outline, assess and analyse the Worldwide Harmonised Light Vehicle Test Procedure (WLTP) and also look into the effect of a KERS system on these vehicles. It will also analyse how a KERS system will affect the specified vehicle, in order to establish how it would affect the vehicle. This information will help to improve the efficiency of the specified vehicle and where this would be applicable. This information can help improve the efficiency of the specific vehicle when used in public road situations.
The vehicle being chosen for the assignment is the Suzuki SV650/S 2005, this particular vehicle has been chosen due to marketing as a sports tourer bike and therefore has different options for usage. Although this vehicle is made for long distances and comfortable rides (Suzuki,2005) According to Motorcyclenews.com, the average MPG is 40mpg (motorcyclenews, 2016). However its more modern counterpart, SV650 has an average of 49 MPG (motorcyclenews, 2016). This shows that with the help of KERS, the MPG is improved. The SV650/S 2005 has a fuel tank which is 17 litres, with the average range of the tank lasting 135 miles (Suzuki, 2006). 
For a number of years the UK, has been developing and finding new, and better ways, to reduce their carbon footprint of Earth. One of these ways to reduce the countries carbon footprint was the introduction of the Kinetic Energy Recovery Systems or KERS for short in 2009 (WLTC, 2021). It was first used in Formula 1, and enabled engineers to find that extra power was being used when accelerating – this was accomplished by taking kinetic energy which would normally be lost, under braking and storing it in a reservoir (WLTC, 2009). This was normally stored in mechanical storage like a flywheel or electrical storage like a battery.  This stored energy could then be released by the driver during points of under-acceleration (Environmental and Energy Storage Institute, 2019).
In top racing industries (such as formula 1) KERS has now been replaced by Energy Recovery Systems instead, which rely more on engine mapping, therefore requiring minimal input from the driver (Vehicle Certification Agency, 2021). KERS, however, has become more prevalent in commercial and public road use in cars and motorbikes (Vehicle Certification Agency, 2021). This is a result of it being a more greener alternative, which helps to reduce the driver’s carbon footprint and increase their miles per gallon (mpg).
To help work out what KERS system would be suited for the SV650/S, a test method was used to work out how much energy is required. The test that was used to complete this process was the Worldwide harmonised Light Vehicle Test Procedure (WLTP) (Vehicle Certification Agency, 2021). The WLTP is a ‘recent testing process for measuring new car fuel economy, electric driving range and emissions’ (Vehicle Certification Agency, 2021). This test was completed by stimulating an average vehicle journey, which included braking and accelerating whilst also taking air resistance and rolling resistance into account during the simulation (WLTC, 2021). This modern form of testing, which replaced the old test, which was the New European Driving Cycle (NEDC) (Vehicle Certification Agency, 2021). This has been around since 2017, and some of its main goals were ‘more closely matched [with] how the cars would be used by consumers’ (Vehicle Certification Agency, 2021). This would mean that there would more better and accurate results for the emissions figures and the fuel consumption. 
Therefore by researching and learning the process of the WLTP it was able to be establish the group that the Suzuki would be classed into. In order to find this classification out, there were a number of factors that needed to be established This included the Ratio of Rated Power and the Kerb mass, which worked out to 50kW (68.1HP) and 195Kg (MBike, 2021).  When put into the equation the 2005 Suzuki SV650/S was placed into Class 2 (Version 5) with a rating of 256.8W/Kg which is the highest of the classes (MBike, 2021). 
As a result of this there has been four different tests that have been conducted. These tests have been completed at different speeds. The low test was up to 35mph, the medium test was up to 47mph, the high test was up to 60mph and the extra high test was up to 81mph (Mywindsock, 2023)
By looking at data provided by Suzuki, and the data provided by the WLTP, it will be possible to work out the perfect KER system for the Suzuki SV650/S motorbike (MBike, 2021). . By using this data it was possible to find out the different information required for the WLTP test (WLTC, 2021). Two of the main tests were cumulative tractive energy and cumulative tractive braking. 
The graph shows the friction losses between braking and accelerating for the Suzuki SV650/S. 
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Figure 1: Cumulative Tractive and Cumulative Braking for the SV650/S
As the graph above shows at the early stages there is much of a difference between the traction energy and the braking energy, once it gets to the later stages the gap between them increases exponentially. This reveals that at the high and extra high speed ranges, there is a larger amount of wasted energy in comparison to the low and medium speed ranges.
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Figure 2: Traction Energy Total for the SV650/S
As the graph above demonstrates in the beginning of the low test the tractive energy was very low. But as it progresses to the extra high test, the losses were just over 1.5 times higher at 3.5kJ of Total Lost Energy. This is very important as this has helped figure out how much energy can be repurposed for the KER system. Whilst it may not be possible for a KER system to run efficiently at the low end, from mid to extra high range, the KER system could theoretically be possible at a faster speed (Environmental and Energy Study Institute 2019). Therefore it can be considered that the Suzuki SV650/S is wasting up to 3.5kJ.
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Figure 3: Total Tractive Power


As demonstrated by the above table which looks at Total Tractive power it is clear that there has been a number of changes that can be seen. For example, in the last 400 seconds show that there has been a large increase, which therefore means that the bike is going faster, which in this case is up to 81mph. This is a result of there being a larger and higher tractive power to move the bike, due to the higher forces being applied from air resistance and aerodynamic drag. As a result of this it is clear why there is a higher loss of energy. For example, even though the motorbike is using more energy, a lot more energy is being released, most notably when applying the brakes or accelerating as this can create heat which would be lost or kinetic energy that cannot be used at the time. 
When looking at all the graphs, it is noticeable the large increase when heading to he extra high range showing that it would be possible to create storage which could hold up to 1.4kJ of energy. This can be seen especially in the total tractive losses and cumulative losses, where it could be possible to take the maximum amount of lost energy from the brakes especially.
When researching the different types of KERS, it can be considered that only a number of variants can be used for the Suzuki SV650/S. This ended up being the Flywheel system and Regenerative Braking System (Suzki, 2005). 
The first of the storage systems is the Flywheel Energy Storage  (WBD Group, 2021).  . A flywheel is a common form of KERS, the flywheel energy storage gains energy through lost kinetic energy such as braking and then stores the said energy into a flywheel which can reach up to speeds of 16000rpm and can create capacity up to 25kWh (WBD Group, 2021).  It is then possible to use electrical energy storage, which involves a similar process of using wasted kinetic energy from the brakes and transferring it and storing the lost energy into a battery which is possible to use later on. The normal battery to be used was a lithium-ion battery due to their resourcefulness and reliability (WBD Group, 2021).  . 
In comparison, whilst the lithium-ion battery runs for less cycles (1k-10k cycles) (Energy Storage Association, 2019) compared to the flywheel(20k-100k) it has a much higher energy density which runs at 200-400 (Wh/L) whilst the flywheel runs at 20-80 Wh/L  (WBD Group, 2021).  . The flywheel is also more unreliable, as the efficenty runs in between 70-95%, whereas the Lithium-ion battery runs at 85%-95%. Therefore there is a reduction in the room for error when using this battery. 
Another major difference between both KERS is the difference in weight and the possibility of storing a battery. The flywheel can also be a very heavy product as for most models tend to use steel as their main material whilst recently Volvo has created a flywheel made from Carbon Fibre which has made the Flywheel lighter (6kg) (WBD Group, 2021) which allows the product to spin faster. Therefore meaning that with the flywheel it was able to create a lot of power for its size, but due to the material used it costs a lot to manufacture and would not be convenient to produce as part of a mass production (WBD Group, 2021). The easier option would be to make the flywheel out of steel. However, this would ultimately make the motorbike too heavy, and therefore cause the motorbike to lose reliability and likely lose more power than gain from having the upgrade. 
Despite the fact that the flywheel it is possible to store a high amount of energy, it is also too large and heavy and therefore reduces the efficiency of motorbikes ((WBD Group, 2021). As a result of this, motorbikes tend to be a lot smaller (Energy Storage Association, 2019). In conjunction to this, the size of the flywheel has the ability to affect how the bike handles, therefore whilst the bike would receive extra power from the flywheel, it would also lose a high amount of power from the extra weight and the placement of the KERS system (Energy Storage Association, 2019).
In conjunction with this, whilst the flywheel has a far higher power density, it suffers due to the energy density and to have the same amount of energy as a battery, it would be required to have a far larger flywheel (Energy Storage Association, 2019).. This would take up a large space in the bike, and therefore by changing the bike to the different materials outlined earlier, it may not be possible that the new flywheel would fit into the bike. As well as this, the battery in comparison has a lower power density; the power density is not of large importance when looking into it, although its energy density is far superior. This is ultimately what is needed for the bike when it is being used for commuting. Therefore, by making the battery smaller, it is easier to store it within the bike itself. 

Regenerative braking system works is when the brake lever is pulled and the bike starts to brake and slow down, any energy that was created from the braking force would be lost, so to minimise this possibility a motor is attached to the wheels, this takes the kinetic energy that was created from the friction brakes which turns the motor from there the kinetic energy gets converted to electrical energy via a power converter which would then be stored into a battery or capacitor. This energy can then be re-used as additional energy which is converted back into kinetic energy from the motor into the rear wheel which in turn giving it extra power for a short period of time. 
When looking into the practical side of the KER system on the SV650/S, it can be taken into account that with additional components would increase the mass of the motorbike, this may cause some difference in how the bike handles, especially round corners as the extra weight could cause the bike to turn slower than before. On top of the extra weight, the positioning of the equipment will change the feel of the bike due to the possibility of the bike becoming wider and/or the seat height being raised. This could make the bike more or less comfortable for the rider depending on their height. With the additional power created from the KER system, there is a chance the bikes acceleration would increase when the KER system is used compared to a standard internal combustion engine without the KER system. 

To conclude, it is clear that the KERS system does have the ability to affect motorbikes and the overall efficiency levels of the bike. This is clear through using the case study of the Suzuki SV650/S 2005, which has demonstrated that the KERS system has the ability to affect the speed of the bike, and the forces that are acting on it. It also has the overall ability to affect outside factors from the bike, such as the mile range and the miles per gallon on the bike. By analysing, the effects of the Internal combustion engine, and its stop-start strategy it has highlighted the ways to reduce fuel consumption. This is often through changing the material of the flywheel and the kinetic energy storage – which in some retrospectives, can help to improve the overall efficiency of the bike. However, it is important to acknowledge that by changing the Suzuki SV650/S 2005 to support a KERS system, would affect other parts of the motorbike. There is also no guarantee that these materials would work, and as by outlined in the report earlier, it is important to consider the new sizing of the KERS system, and the new battery (if required) to ensure that it fits in the motorbike securely, and does not affect any other components of the bike. 
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