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[bookmark: _Toc184571940]Introduction
This report will give insight into the WLTP, it’s uses and why it is used. Alongside this data has been calculated in order to show the parts of the test where a KER system would be applicable, recovering energy from the braking and deceleration parts of the test and plotting the areas of most energy recovery and storage requirements. 
The car used for this report will be a 1996 BMW 3 series equipped with a 1.6L 4-cylinder engine. This car has been chosen as it was produced before the WLTP and would further an insight into making older often classed as ‘retro/classic’ cars more efficient in order to keep them on the road as automotive history. 
Alongside this, the report will detail how a KER system works, assumptions made about the vehicle and the differences the driver may feel compared to it’s equivalent. This report will also specify a suitable KER system that could be applied to the chosen vehicle. 
[bookmark: _Toc184571941]Aims
· Give the reader an insight into the WLTP and it’s uses. 
· Allow the reader to get an understanding of potential KER systems and their benefits towards older vehicles.
· Analyse the data calculated from the given vehicle towards the WLTP. 
[bookmark: _Toc184571942]Objectives
Meeting the aims stated above will allow the reader to understand why the specified KERs has been chosen and allow the reader to understand the WLTP, it’s phases and the reason it superseded the NEDC test. 

[bookmark: _Toc184571943]WLTP
The WLTP (Worldwide Harmonized Light-Vehicle Test) is a procedure that can measure the fuel consumption, emissions, and energy consumption values. With the test now being mandatory for all vehicle manufacturers, the test has become a universal metric to measure a cars efficiency. The WLTP was designed to be a closer representation of the efficiency a consumer is likely to see in the real world as it caters for multiple driving ranges and vehicle speeds. (Agency, 2021)
[bookmark: _Toc184571944]Test sequences
All vehicles measured with this method have to undergo the same test cycles as this allows an easy metric for comparison between vehicles. The majority of cars will be placed under the class 3 version of the test this is due to them having a higher power to weight ratio (A P/W ration of anything over 34W/kg will be placed under the class 3 category. 
The class 3 test consists of several sections all with their own maximum speed allowed, this is to simulate the efficiency in driving on multiple different roads and different speeds, due to this, a more accurate picture of the general efficiency of a vehicle can be seen, unlike the NEDC that consists of two parts, simulating urban and extra urban driving. 
[bookmark: _Toc184571945]NEDC 
[bookmark: _Toc184564326][image: A graph of a cycle

Description automatically generated with medium confidence]The NEDC was a previously used lab test that could measure the fuel consumption and emissions of a set vehicle. The test consisted of four urban driving cycles and one extra urban driving cycle. The figures from this test are based on 6.8 miles of driving with an average of 29.1mph in a laboratory, due to this the results gathered from the test were not an accurate representation of the vehicles actual real-world efficiency. The NEDC was superseded by the WLTP in 2017 as the WLTP is performed outside of a laboratory and is assessed over multiple different driving conditions to give a more accurate insight into the car’s actual efficiency and emissions levels.[bookmark: _Toc184564489][bookmark: _Toc184564504]Figure 1 shows the NEDC test cycle.

[bookmark: _Toc184564327][image: ]As can be seen from the figure above (UNECE, 2022), the urban cycle is repeated four times and then is followed by the extra urban cycle, if this is compared to the WLTP, it is shown that the latter has several different sections rather than it being repeated in a laboratory. [bookmark: _Toc184564491][bookmark: _Toc184564506]Figure 2 shows the WLTP phases vs Time.

[bookmark: _Toc184566566][bookmark: _Toc184571946]As can be seen in figure 2 the WLTP has visually distinct phases that are all assessed differently compared to the NEDC. 



[bookmark: _Toc184571947]Kinetic Energy Recovery Systems (KERs)
Kinetic energy recovery systems are designed to capture and convert the energy that would otherwise be lost through the deceleration and braking of a vehicle. The system allows for the harnessed energy to be ran through an electric motor to re-use the power when it is required, increasing the efficiency. For an electric car, a regenerative system is used where the harnessed rotational energy is captured and used to charge the battery increasing the range. For use in an internal combustion engine vehicle a KER system can still be utilised to harness energy that would otherwise be lost. 
[bookmark: _Toc184571948]Components Required
Initial components consist of an appropriate energy storage unit, a motor/generator unit and a power control unit, the storage mechanism can include a flywheel battery that stores the required energy as rotational energy although these systems are commonly used to store excess energy created from solar farms or for power grid frequency regulation. The amount of energy stored through this method is proportional to the (wheel speed and Mass’ moment of inertia)^2 (Anurag Chauhan, 2014)  
[bookmark: _Toc184571949]Potential energy recovery
Potential energy recovery systems use the kinetic energy lost through reduction in speed and this energy can be harvested in order to recharge a battery. (Armenta-Deu & Cortes, 2023) Due to the gradual deceleration of a vehicle without the use of brake activation, the energy recovery can be prolonged ensuring the recovery is profitable. This system can primarily be applied to vehicles that travel longer journeys where there is not sudden changes to vehicle speed due to traffic and other conditions. 
[bookmark: _Toc184571950]Regenerative Braking 
Regenerative braking is used as the primary energy recovery system used on most road going vehicles; this is due to the nature of the way they can harvest energy that would otherwise be transferred into heat energy. A benefit of using regenerative braking over traditional braking systems is that due to the when the brakes are applied, a generator is rotated in reverse and the rotational and heat energies are transferred into electrical energy that can be used to charge the vehicles battery. This system can be felt by the occupants of a vehicle with the feeling of the brakes being applied while the occupant’s foot is off the throttle, while some EV’s allow the user to adjust or turn off regeneration, the system can be used and the traditional friction brake system in tandem to bring a vehicle to a stop quicker.


[bookmark: _Toc184564333][bookmark: _Toc184571951]AnalysisFigure 4 shows the recoverable energy periods over the WLTP cycle.
Figure 3 shows the energy calculated through the WLTP.

Figure 4 shows the recoverable energy periods in the WLTP.

As can be seen in the two figures above, there are several points where a KER system can be utilised in order to recover useful energy in order to maximise the vehicles efficiency over the test. As can be seen in Figure 3, the largest amount of energy lost is 5712 kW/h this is an ideal starting point to specify required components. As this is the maximum amount of energy lost over the period, a battery of this size could be assumed to be too large and would incur a significant weight issue. As seen in Figure 4, there are numerous times where energy can be recovered, this allows for a smaller energy storage option as there are more places within the test where energy can be recovered. A smaller energy storage option will also reduce weight for the specified system. 

[image: ]As can be seen in the figure above, the maximum energy that is lost through during braking and deceleration is <25kJ this means that a system that could be implemented into the car would only need a maximum of 25kJ of energy storage, this would allow the car to be more efficient over the WLTP cycle by using the energy lost during deceleration and braking to be harvested and then used either as a ‘boost’ as seen on high performance F1 cars or to alleviate load onto the engine making it more efficient when needed. From this, it can be determined that a regenerative braking system would be optimal for the vehicle as the implementation of the KER system would give the vehicle a more fuel-efficient profile over the WLTP cycle. Figure 5 shows the braking energy vs Time.

With regenerative braking, the efficiency depends on driving conditions, routes, and braking pedal use. (Valladolid, Calle, & Guiracocha, 2021) From the different efficiency values for a regenerative system, an average of 60% efficiency will be used, this allows 20% of the energy to be lost on recovery and a further 20% to be lost when the stored energy is converted into kinetic energy. 

Figure 6 shows Energy vs Time with the recoverable energy values




[bookmark: _Toc184571952]Conclusion
From the data gathered for this report, it can be assumed that the possibility of retrofitting older cars with a KER system will allow these cars to be more energy efficient within inner city driving where traffic and other driving conditions can cause sudden changes in speed. Although this system could increase the efficiency of a typical ICEV for inner city driving, it would incur more weight to the vehicle and could therefore cause the vehicle to be less efficient at motorway speeds. As the regenerative braking system is used when the driver is off throttle, it stops the vehicle being able to coast while in gear downhill. When driving for longer periods of time where braking occurs less often and used for gradual braking rather than braking to a complete stop, the system will not generate as much energy and therefore when the energy in the storage is spent, the system won’t be utilised as efficiently as it would if the vehicle was moving within the city. 
Although the use of regenerative braking will allow for less wear and tear on brake components are the rotational inertia is placed upon the electric motor/generator, the driver will still feel the car slow down when off throttle as if the brakes were applied. With regenerative braking in modern cars, the driver is able to adjust the regenerative braking of the vehicle and if needed turn the system off. While the system is off, it incurs a big energy loss as the vehicle is still carrying the weight of the system therefore using more energy for propulsion without the ability to gain some of the spent energy back. 
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