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[bookmark: _Toc35694034]Introduction
During this study, a series of data was recorded using an OBDII port in the following vehicles types; Toyota Aygo, Volvo V40 and the Triumph Tiger 800 XC. The vehicle data is accessed on a typical drive to work daily drive cycle over a 30km distance, ranging in various road-type environments. 
The aim of this study, to demonstrate comprehensive knowledge of alternative power sources in order to enable the specification according to the system, in which fulfils the vehicle’s performance and emission requirements. In addition, to demonstrate the automotive applications in SI and CI, using combustion and emission mechanisms for convectional and biofuels.


[bookmark: _Toc35694035]Background Information on application software
The raw data files provided, have been logged and exported from an application software called Scan XL professional from the organisation Palmers Performance Engineering (Palmer Performance Engineering, 2020), where the GPS and acceleration have been calculated from the built-in sensors in the mobile device of the user. The software application used on the mobile device is called ‘Dash Command’, where this is designed to integrate OBDII data monitoring and logging into the cars computing (Palmer Performance Engineering, 2020). 



[bookmark: _Toc35694036]Methodology
[bookmark: _Toc35694037]Validation
During this study, the raw data files which were compiled from the OBDII port for each vehicle, represented incompatible values which gave five data series in one column as shown in Figure 1, and insufficient data representing a value of ‘N/A’ as shown below in Figure 2. These types of data were deleted from the format as they were unusable and irrelevant to the documentation.   
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[bookmark: _Ref34314952][bookmark: _Toc35693977]Figure 1: Unusable data from the OBDII port; several values
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[bookmark: _Ref34315385][bookmark: _Toc35693978]Figure 2: Unusable data from the OBDII port; N/A


The GPS data can be validated by the real data can be exported from the OBDII port and transferred into a separate sheet, this allows the user to export the spreadsheet into a Keyhole Mark-up Language (KML) format; where this can further be imported into a KML viewer. 
The GPS data; Latitude (x), Longitude (y) and Altitude (z), are represented in a .kmz file and uploaded to (GPS Visualizer, 2002), this formats a leaflet map which is represented in Figure 3.  
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[bookmark: _Ref34396245][bookmark: _Toc35693979]Figure 3: Validating the GPS data from the OBDII port
In addition, an elevation graph can be exported from (GPS Visualizer, 2002), which validates from the map data that the distance travelled for this drive cycle is ’31.397km’ alongside with the alitutude at ‘223.1m’ which is represented in Figure 4.
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[bookmark: _Ref34397109]
[bookmark: _Toc35693980]Figure 4: Validating the GPS elevation and distance travelled
Using the real data provided from the OBDII port to validate the GPS, however, each vehicle represents different values for the distance travelled (km). The data exported to validate the GPS was taken from the Toyota Aygo, however, the distance from the data on the GPS locator and the OBDII port shows two different values which means an inaccuracy of -0.3km. Table 1 shows the distance each vehicle travelled from the OBDII data exported from the raw files and shows each of the vehicles does not represented the real distance travelled from google maps. 
	Distance travelled (km)

	Toyota Aygo
	Volvo V40
	Triumph Tiger XC

	30.9km
	30.7km
	31.2km


[bookmark: _Ref34398213][bookmark: _Toc35680381]Table 1: Distance Travelled for each vehicle recorded from the OBDII port (km)
In addition, in the raw data there were multiple constants throughout the timestamp, where these values could be represented in a constants table as shown in Figure 5. 
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[bookmark: _Ref34401276][bookmark: _Toc35693981]Figure 5: Constants table


[bookmark: _Ref35687043][bookmark: _Ref35687050][bookmark: _Ref35687057][bookmark: _Toc35694038]Results and analysis
[bookmark: _Toc35694039]Data analysis
As previously stated, the raw data files were organised for each of the vehicles, deleting the irrelevant data which was unusable and unable to be analysed. Once the MS Excel data was formatted and represented in a professional manner, multiple graphs were carried out for each of the relevant data files across the distance (km) for each vehicle. These graphs were compiled into a macro code; ‘sheets(“Sheet title”).Select’, where this enables the user to select which graph they wish to preview according to the following buttons labelled to their variable names represented in Figure 6.
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[bookmark: _Ref34394019][bookmark: _Toc35693982]Figure 6: Homepage representing the data complied into graphs
In the heading below; Appendices, represents the main graphs conducted from the raw data. This enables the user to see the trends in which vehicle data acts against the distance travelled and how each vehicle reacts differently or if not the same in terms of GPS data.
Comparing each of the vehicles; the Toyota Aygo is a three-cylinder, one litre petrol engine, where the performance will not be optimal for motorway, faster A-roads as the engine will struggle, however, is optimal for around town and short journeys. The Aygo outputs 69bhp and 95Nm of torque at 4,300rpm, however, peak power increments to 6000rpm. This vehicles reality is for city usage, because its smooth, quiet and efficient. The Aygo’s are effortless to drive, easy and light to manoeuvre around town, with controlled soft suspension where the body is more rigid. One impact for the Aygo, is the steering, where its sharp and not highly communicative (Dennison, 2019).
Moreover, the Volvo V40 Cross Country D2 is one of the most popular engine lines up with a four-cylinder 1.6litre diesel engine, which is more optimal with motorways and A-roads compared to the Toyota Aygo. The D2 engine outputs 120bhp and 280Nm of torque and emissions of CO2 are low as 95h/km. The Volvo V40 is stylish, efficient and good to drive, however, the D2 engine feels like it has a slow response around town. Although under harsh acceleration, the D2 engine settles nicely and is super smooth and refined during high speeds down the motorway. The Volvos steering isn’t super precise, but the body roll and fine chassis is kept in check, allowing enough travel in the suspension to ensure it always remained comfortable. This vehicle is known for its practicality (Ingram, 2016).
Finally, the Triumph Tiger 800 XC contains an in-line three-cylinder engine with a capacity of 800cc. This engine outputs 94bhp and 224Nm of torque at 7850rpm, however, peak power increments to 9300rpm. One thing with the Tiger 800 XC, its steering is a little bit slower but provides more angles of lean compared to the standard 800. According to (RideApart, 2013), the Triumph Tiger 800 XC is a practical, everyday motorbike, provided with a high-quality suspension, with a 21 inch wheel on the front providing as much grip as possible, on and off road, where it also provides good handling and ride quality.


[bookmark: _Toc35694040]Literature Review
Represented in Table 2 below, shows a table which compares the differences between a petrol and diesel engine, in terms of their engine load, drivability, efficiency and performance.
	S.no
	Petrol Engines
	Diesel Engines

	1
	A petrol engine pulls a combination of petrol and air through the suction stroke.
	A diesel engine pulls air only, through the suction stroke.

	2
	The carburettor is fitted in a petrol engine to mix the air and petrol in the essential percentage and source it to the engine during the suction stroke.
	The injector is fitted in a diesel engine to inject the fuel when the compression stoke has reached the end.

	3
	At the end of the compression stroke the pressure is about 10 bar.
	At the end of the compression stroke the pressure is about 35 bar.

	4
	The mixture from the petrol and air is ignited from the spark plug.
	The fuel can be injected in the procedure of a fine spray. When the pressure is about 35 bar, the compressed air temperature is about 600° C.

	5
	The compression ratio for a petrol engine ranges from 6-10.
	The compression ratio for a diesel engine ranges from 15-25.

	6
	The combustion of fuel occurs around constant volume, this can be represented as the Otto cycle.
	The combustion of fuel occurs around constant pressure, this can be represented as the Diesel cycle.

	7
	Thermal efficiency is around 26%.
	Thermal efficiency is around 40%.

	8
	Overheating can be caused because of the low thermal efficiency in petrol engines.
	From high thermal efficiency, diesel engines don’t overheat as much compared to petrol engines.

	10
	Petrol engines are lighter in weight and are cheap
	Diesel engines are heavier in weight and are more expensive

	12
	The maintenance cost is less.
	The maintenance cost is more.

	13
	Petrol engines are a high RPM engine
	Diesel engines are a low RPM engine


[bookmark: _Ref35432433][bookmark: _Toc35680382]Table 2: Comparison table between a petrol and diesel engine (ME Mechicanical, 2020)
Diesel vehicles have always been known for their efficiency compared to petrol, this is because diesel burns fuel more efficiently and used less per mile. Determining what the user needs, predominately petrol vehicles will be more efficient in the long term, over the course doing short distance journeys. Where, in addition, for long distance journeys including motorway driving, a diesel vehicle is the way forward. Diesel vehicles have a smaller power band, which means it has more torque but spread over a smaller rev range, this amplified by turbocharging diesels to improve efficiency. To compare, petrol vehicles build their power in relation to their high rpm engines, meaning more useable performance over time (Evans, 2016). 


[bookmark: _Toc35694041]Different Range of Technologies
The internal combustion engine is the most common form of energy that powers vehicles, there has been many compromises that electric vehicles will be in the newest form of energy powering vehicles in the future. Yet, there is no efficient means of storing energy that will be extracted from the internal combustion engine yet. There are many concerns growing within the sustainability and environmental aspect where society is reliant on fossil fuels. This is a concern, as oil supplies are lowering and fuel prices will continue to rise until new standards are met within the fuel economy, which leads to the new hybrid/electric vehicles being introduced. In addition, society is becoming more aware of this situation to reduce the impacts on emissions to humanity and the environment. This shows that there are many technologies capable of saving fuel, allowing cheaper running vehicles, lower emissions and lower consumption of non-renewable energy sources in general (Carlin, 2015).


[bookmark: _Toc35694042]Kinetic Energy Recovery Systems
[bookmark: _Toc35694043]Literature Review
There are many types of energy losses an internal combustion engine will experience such as: friction, parasitic, drivetrain and braking losses. Most of these energy losses can be reduced by making improvements to their components and their subsequent efficiency. One component that is reluctant to loss of efficiency is the braking system, it will always lose a large amount of energy proportional to the vehicle weight. The only way to improve the efficiency is by allowing the system to harness energy and allow the energy to be wasted through heat (Carlin, 2015).
Throughout the drive cycle, multiple data points have been taken from the sudden change in altitude, to compare and analyse the storage of available energy conserved from the potential and kinetic energy recovered.
Kinetic energy is given when the vehicle speed increases and converts the stored energy into kinetic energy through the following Equation 1.

[bookmark: _Ref35517957][bookmark: _Toc35693954]Equation 1: Kinetic Energy (J) (Carlin, 2015)
Using Equation 1, seen where the vehicle speed increases, the kinetic energy will also increase. So, this tells when vehicles on the road are travelling at higher speeds, the vehicles increase their kinetic energy. During the braking process, the brake pads are applied to the rotors creating friction allowing the vehicle to decrease in speed to a stop. This process allows the kinetic energy to be dissipated into heat energy, where it is wasted into the atmosphere and unusable (Carlin, 2015). 
One concept, such as the regenerative braking, or Kinetic Energy Recovery System (KERS) can recover that wasted energy. This concept is “a mechanism which reduces the vehicle speed by converting some of the kinetic energy into some other kind of useful form of energy” (Chibulka, , 2009).

Kinetic Energy Recovery Systems are commonly found in hybrid and electric vehicles, where hybrids are broken up into two main variations; series and parallel. Parallel systems will have this regenerative mechanism running to the original driveline setup, where in comparison, a series system design, alters the original driveline setup to implement the regenerative mechanism, this has more of an advantage over the parallel system, but is cost effective and needs alteration. Hybrid vehicles have the benefit to apply the stored power whenever required, this allows for downsized engines in the newer vehicles with the applied technology. In addition, one of the most reputable hybrid technologies remains electric, where the regenerative braking is still effective for small, low energy applications, where this allows more kinetic energy to be recovered. They are also very cost effective due to the electric motors and batteries already consist in electric hybrid designs (Carlin, 2015).
Looking at the real drive cycle data, the Gravitational Potential Energy (GPE) can be calculated, where the altitude is taken in account for the height represented in Equation 2.

[bookmark: _Ref35523968][bookmark: _Toc35693955]Equation 2: Gravitational Potential Energy (J) (Carlin, 2015)
From knowing the potential and kinetic energy, the total available energy stored can be calculated by the following Equation 3.

[bookmark: _Ref35524788][bookmark: _Toc35693956]Equation 3: Total Available Energy (J) (Carlin, 2015)
Therefore, the desired energy capacity for the system will be shown in 

[bookmark: _Toc35693957]Equation 4: Desired Energy Capacity (J) (Carlin, 2015)
Where a 90% mechanical efficiency is assumed, to gather the energy value for the design constraint. This is because assuming the energy value based on deceleration energy available, rather than energy that is required and should not exceed the gross vehicle mass, when the mass of the new system is added to the vehicle (Carlin, 2015).

[bookmark: _Toc35694044]Electric Conversion
[bookmark: _Toc35694045]Energy Consumption
The baseline requirements for an electric vehicle is to have the same or better dynamic performance compared to its original internal combustion engine version. From the current electric vehicle models, some data trends can be extracted in electric vehicle design; such as battery chemistry: Lithium-ion (Li-ion), electric motor type: PM or AC/ Induction synchronous and their range: above 200km (x-engineer, 2020), however, the electric bike consists of a range of 160km.
During this study, these calculation methods can be applied to design an electric vehicle from scratch or from a conversion from a convectional vehicle, which consist of: Toyota Aygo 1.0L VVT-I X-Pression 5dr Hatchback, Volvo V40 Cross-Country D2 and the Triumph Tiger 800 XC. Represented in MS Excel shows a specification sheet for each of the vehicles which consists of the main parameters needed to determine in the following equations shown below.
Many assumptions were considered such as the Toyota Aygo represents the same characteristics as the Peugeot e-208, following the same design process which could imply fitting the electric conversion kit straight to the Toyota Aygo, where the assumption presumed is the kerb weight of the vehicle is ‘1455kg’. This is a slightly higher value for vehicle weight than the original internal combustion model, however, this can be assumed that the amount of batterie packs for the Aygo will way more than the original three-cylinder engine. Furthermore, the following parameters for performance were valued shown in Table 3.
	Acceleration 0-62mph
	8.1seconds

	Top Speed
	93mph

	Electric Range (miles)
	185

	Total Power (kW/hp)
	100/134

	Total Torque (Nm)
	260.32


[bookmark: _Ref35010432][bookmark: _Toc35680383] Table 3: Performance Parameters for an EV Toyota Aygo (Electric Vehicle Database, 2020)


Furthermore, an assumption considered for the Volvo V40 represents similarly to the Hyundai IONIQ Electric, also following the same design process which could imply fitting the conversion. The vehicles kerb weight was assumed to ‘1420kg’, similar to the Toyota Aygo, this is because the battery packs are to be considered similar to each vehicle depending on the output. This leads to the following parameters for performance which were assumed in Table 4.
	Acceleration 0-62mph
	9.7seconds

	Top Speed
	103mph

	Electric Range (miles)
	160

	Total Power (kW/hp)
	100/134

	Total Torque (Nm)
	295.57


[bookmark: _Ref35011775][bookmark: _Toc35680384]Table 4: Performance Parameters for an EV Volvo V40 (Electric Vehicle Database, 2020)
Lastly, an assumption for converting the Triumph Tiger 800XC electric, represents according to the specifications to the LS-218 electric superbike, with a 380V 12kwh battery pack and representing a weight of 495lbs which converts to 224.528kg, which is lighter than the original. This leads to the following parameters for performance which were assumed in Table 5.
	Acceleration 0-62mph
	2.2seconds

	Top Speed
	218mph

	Electric Range (miles)
	100

	Total Power (kW/hp)
	149.14/200

	Total Torque (Nm)
	227.78


[bookmark: _Ref35012005][bookmark: _Toc35680385]Table 5: Performance Parameters for an EV Triumph Tiger XC (Lightning motorcycle, 2020)


Following these assumptions, the traction force can be assumed for these electric vehicle conversions using the input data as follows: vehicle total weight, initial speed, final speed, initial time, final time, tire radius, tire friction coefficient and gravitational acceleration. According to Newton’s second law of motion, the following calculation for the required traction force can be written as shown in Equation 5. This gives the total traction force required to achieve 0-60mph shown in each of the tables above.

[bookmark: _Ref35013198][bookmark: _Toc35693958]Equation 5: Required Traction Force (N) (x-engineer, 2020)
In order to find the total required traction torque, the value for wheel radius needs to be known. Using the following equations below, the wheel radius can be calculated; 

[bookmark: _Toc35693959]Equation 6: Tire Side Wall Height (mm) 

[bookmark: _Toc35693960]Equation 7: Wheel Diameter (mm)

[bookmark: _Toc35693961]Equation 8: Wheel Radius (mm)
In addition, the total required traction torque can now be calculated using Equation 9.

[bookmark: _Ref35013973][bookmark: _Toc35693962]Equation 9: Total Traction Torque (Nm) (x-engineer, 2020)


Furthermore, in terms of friction, the available friction force can be calculated as shown in Equation 10. 

[bookmark: _Ref35014110][bookmark: _Toc35693963]Equation 10: Friction Force (N) (x-engineer, 2020)
If the available friction force is larger than the total traction force, assume that there is no slip between the wheels and the road. However, in this instance, the Aygo represents a greater friction force, whereas the Volvo and Triumph do not. This means there is a dynamic contact acting relative to wheel slip. This means the force applied to the tire has been exceeded which means these cars will have a lot less traction compared to the Aygo if an election conversion with these assumptions were made. To counteract the traction loss, the wheel size can be increased to maximise the available grip and allow each vehicle to have more traction. 
During this study, the high voltage battery is one of the most important components of an electric vehicle as this dictates the dynamic performance, range and charging time. The following equations will allow the average energy consumption and range of the vehicle to be known, if these vehicles had an electric conversion. 
In order to determine the current energy consumption of the vehicles, an extraction of the maximum power and kerb weight can be considered to calculate the power to weight ratio of each vehicle. 

[bookmark: _Toc35693964]Equation 11: Power to Weight Ratio (x-engineer, 2020)
Using the real driving cycles already performed for each of the vehicles, the average energy consumption can be evaluated according to the distance of cycle. In addition, multiple data points were considered for the change in altitude across the cycle, where this shows the change in forces and energy consumption along the data point in which altitude incline and declines.


To calculate the energy consumption for each of the vehicles, the total road loads need to be considered across the cycle using the following equations; 

[bookmark: _Toc35693965]Equation 12: Total Road Load (N) (x-engineer, 2020)
An assumption for the total vehicle mass was considered where this entails the weight of the driver including the kerb weight of the vehicle and the vehicle acceleration was taken as an average from each of the data points from the original drive cycle data.

[bookmark: _Toc35693966]Equation 13: Inertial Force (N) (x-engineer, 2020)
Assuming the road slope angle from each of the data points according to the altitude, an average of the vehicle pitch was considered and valued in radians in order to find each of the forces. 

[bookmark: _Toc35693967]Equation 14: Road Slope Force (N) (x-engineer, 2020)

[bookmark: _Toc35693968]Equation 15: Road Load Friction Force (N) (x-engineer, 2020)
According to the property table; (Klein & Alvarado, 2020), the air density is considered to be a value of ‘1.204’ at 1atm pressure. In addition, the drag coefficient of the triumph tiger 800 XC was assumed to be 0.7, where the vehicle speed also represents an average across each of the data points along the altitude.

[bookmark: _Toc35693969]Equation 16: Vehicle Frontal Area (m2)

[bookmark: _Toc35693970]Equation 17: Aerodynamic Drag Force (N) (x-engineer, 2020)
Using the equations above will represent the value for the total road load across each of the data points. The total power can now be considered using the total road load and vehicle speed as shown in Equation 18.

[bookmark: _Ref35251261][bookmark: _Toc35693971]Equation 18: Total Power (W) (x-engineer, 2020)
Finally, by integrating the total power across the whole duration of the cycle, the average energy consumed can be considered using the following Equation 19 

[bookmark: _Ref35251686][bookmark: _Toc35693972]Equation 19: Average Energy Consumption (J) (x-engineer, 2020)
Using the assumptions considered earlier in this study, the range for each of the conversions can be entered into Equation 19, where this will allow the user to know the entire energy consumption over the range of the vehicle. 
In this case, shown below Figure 7, Figure 8 and Figure 9, represents the values for energy consumption that was considered over the distance across the cycle and the range capacity of the electric vehicle conversion.
[image: ]

[bookmark: _Ref35252080][bookmark: _Toc35693983]Figure 7: EV Toyota Aygo Conversion Average Energy Consumption (wh/km)
[image: ]	

[bookmark: _Ref35252228][bookmark: _Toc35693984]Figure 8: EV Volvo V40 Conversion Average Energy Consumption (wh/km)

[image: ]

[bookmark: _Ref35252294][bookmark: _Toc35693985]Figure 9: EV Triumph Tiger 800 XC Conversion Average Energy Consumption (wh/km)
Comparing the three vehicles represented for this study, the Volvo V40 electric conversion shows the best average energy consumption across the range capacity of the vehicle. This shows as the Toyota Aygo has a higher range capacity, the average energy consumption is lower than the Volvo V40, this is due to the forces calculated in the beginning. However, they were taken from the same data points in altitude, which does not affect the reliability of this study.
Further study shows the high voltage battery have an important influence acting on the maximum traction motor torque, regeneration brake torque, vehicle range, total weight and price. To represent the electric vehicle battery design, the four core input parameters are: chemistry, voltage, average energy consumption of the vehicle and the vehicle range. These four input parameters are critical to create an electric vehicle battery design, where the battery consists of multiple battery cells which convert into two energy sources; chemistry and electrical during charging and discharging. This defines the chemistry of the battery according to their elements and chemical reactions during charging and discharging. Battery cells consist of five main components such as; electrodes, separators, terminals, electrolytes and their casing. These battery cells are combined to form an electrical unit called a battery module; the battery module contains 4 of these battery cells. In addition, the battery modules can connect to form a battery pack, which contains 22 battery modules in an electric vehicle (x-engineer, 2020). 
During the study of designing a battery pack for each of the vehicles, lithium-ion cells will be considered in the electric battery chemistry, this is because lithium-ion batteries have a higher specific energy, in addition to a greater specific power compared to other battery types.
Moving forward, using the average energy consumption previously calculated in Equation 19, the battery pack will be designed over the new value which includes the auxiliary loads which consists of common vehicle electrical components such as; heating, cooling lights, etc. This can be averaged approximately 430W according to the data recorded in (Denton, 2004), which values the power for each electrical component. 
As previously calculated, the average energy consumption for auxiliary loads can be multiplied by the change in time according to the data points according to altitude, these values can be combined to entail the total value across the distance of the cycle, as shown in Equation 20

[bookmark: _Toc35693973][bookmark: _Ref35800684]Equation 20: Auxiliary Loads (wh/km) (x-engineer, 2020)
The unit wh/km is not really an energy, but factorised, because it is dived over distance where it can be assumed as an average energy source.
In electric vehicles the direct current is provided from the battery and converted into an alternated current from an inverter. During this conversion, the average efficiency is taken place with some losses which need to be considered, where the average efficiency can be assumed at a value of 0.9 from the battery to the wheel. Which results in the average energy to be calculated using Equation 21.

[bookmark: _Ref35259997][bookmark: _Toc35693974]Equation 21: Battery pack designed for the average energy consumption (wh/km) (x-engineer, 2020)
Finally, calculating the required battery pack total energy according to the main parameters shown in Equation 22.

[bookmark: _Ref35260946][bookmark: _Toc35693975]Equation 22: Required Battery Pack Total Energy (kWh) (x-engineer, 2020)


[bookmark: _Toc35694046]Stop and Start Integration
Stop and start system are commonly used in the automotive industry alongside KERS, these systems are designed to improve fuel economy, as the system automatically stops the internal combustion engine when the tractive effort is not required during the idle phases and restarts when required. Using this system, there will be an increase in CO2 and fuel consumption (Ozdemir & Mugan, 2013).
In this study, the Volvo V40 only used this system once when coming off the M4 motorway heading down to the traffic lights at Ynysforgan roundabout, using the latitude and longitude co-ordinates from the raw data.
Personally, the stop and start system is efficient in a way the user can save a percentage of fuel the vehicle is consuming but however, for some people it is not a system for them and turn it off. This kind of system could have been invested into something worth creating and more to users standards such as KERS, for the average person who isn’t used to driving and drives economic this system is perfect, however, many users of the vehicle could get frustrated in the stop and start system and would much prefer the engine to stay running and not automatically stop.  
According to (Pool, 2011), the future for start and stop systems are being developed to enable to switch off the engine before the vehicle has even stopped, this represented when the user is pressing down on the clutch and is braking. Further development involves start-stop coasting, this mode will allow the engine to coast with the engine switched off and the user has their foot off the accelerator. This mode would be a good development if implemented correctly, where it can with hold a cruise control function allowing the vehicle to represent the same speed throughout while having the engine switched off.
2 | Page
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[bookmark: _Toc35694048]Kinetic Energy Recovery Systems
Represented in Figure 10, Figure 12 and Figure 14, states the data points taken over the course of altitude change, where the gravitational potential energy and kinetic energy was calculated in order to find the desired energy capacity.
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[bookmark: _Ref35527491][bookmark: _Toc35693986]Figure 10: KERS in the Toyota Aygo
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[bookmark: _Toc35693987]Figure 11: Second Stage of the drive cycle; Toyota Aygo
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[bookmark: _Toc35693989]Figure 13: Second Stage of the drive cycle; Volvo V40
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[bookmark: _Ref35527778][bookmark: _Toc35693990]Figure 14: KERS in the Triumph Tiger 800 XC
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[bookmark: _Toc35693991]Figure 15: Second Stage of the drive cycle; Triumph Tiger 800 XC
These data tables represented in MS Excel, show both stages of the drive cycle, where assumptions were assumed for the second half of the journey, which are: altitude changes from positive to negative, vehicle speeds where accelerations and decelerations were assumed based off the real raw data and assumed to be a physical representation whether these altitude changes were made. This allowed the user to find the new accelerations and decelerations in the second stage of the duration. 
As seen in the graph, Figure 16, Figure 17 and Figure 18, represents the gravitational potential energy and kinetic energy stored against the change in altitude over the distance of the daily drive cycle.










[bookmark: _Ref35529759][bookmark: _Toc35693992]Figure 16: Stored energy sources (J) vs Distance (km) for the Toyota Aygo










[bookmark: _Ref35530742][bookmark: _Toc35693993]Figure 17: Stored energy sources (J) vs Distance (km) for the Volvo V40











[bookmark: _Ref35530749][bookmark: _Toc35693994]Figure 18: Stored energy sources (J) vs Distance (km) for the Triumph Tiger 800 XC
These graphs represent the same trends in the change of altitude over the distance, however, the Volvo V40 and the Triumph Tiger 800 XC are nearly identical in the representation of energy storage. This could be because these vehicles are both practical when it comes to KERS and the Aygo is not as efficient as shown between 12-18km where the user is joining the motorway from the B-roads.
Represented in Table 6 below, shows the required battery pack total energy for each of the vehicles. This shows that the Volvo V40 would require the most total energy according to its battery pack, this is because it’s the most efficient in terms of energy consumption compared to the other vehicles.
	
	Required Battery Pack Total Energy (kWh)

	Toyota Aygo
	107.645483

	Volvo V40
	125.0929392

	Triumph Tiger 800 XC
	44.38070121


[bookmark: _Ref35594435][bookmark: _Toc35680386]Table 6: Results for the required battery pack total energy (kWh)

[bookmark: _Toc35694049]Electric conversion
As seen in the graph, Figure 19, represents the total force combined over the distance of the daily drive cycle, where the forces applied from both vehicles and the bike are halved. In addition, the graph, Figure 20, represents the total power calculated over the total distance of the drive cycle, with the Volvo applying more during the faster roads.









[bookmark: _Ref35539653][bookmark: _Toc35693995]Figure 19: Total Road Load (N) vs Distance (km)









[bookmark: _Ref35539699][bookmark: _Toc35693996]Figure 20: Total Power (W) vs Distance (km)
Finally, the graph, Figure 21 represents the amount of energy consumption provided from the power and change in time over the course of the duration. This shows both vehicles to follow the same trends, however, the motorbike shows a low about of energy being consumed, this could be because of the size and weight of the vehicle and can not consume as much energy as the electric cars.









[bookmark: _Ref35540312][bookmark: _Toc35693997]Figure 21: Total Energy Consumption (J) vs Distance (km)


[bookmark: _Toc35694050]Second Stage
Furthermore, a simulation was conducted regarding the duration back, as previously stated above, assumptions were made for the second stage such as: altitude changes from positive to negative, vehicle speeds where accelerations and decelerations were assumed based off the real raw data and assumed to be a physical representation whether these altitude changes were made. 
Represented in the following graphs; Figure 22, Figure 23 and Figure 24, shows the total road loads, power and energy consumption over the course of the second stage. Compared to the first stage, the Triumph shows greater values in terms of forces, power and energy consumption, with terms of assumptions made, these values could have caused an error in the second stage, with the Toyota Aygo and Volvo V40 representing similar trends to the first stage.












[bookmark: _Ref35679698][bookmark: _Toc35693998]Figure 22: Second Stage; Total Road Load (N) vs Distance (km)










[bookmark: _Ref35679700][bookmark: _Toc35693999]Figure 23: Second Stage; Total Power (W) vs Distance (km)









[bookmark: _Ref35679702][bookmark: _Toc35694000]Figure 24: Second Stage; Total Energy Consumption (J) vs Distance (km)



[bookmark: _Toc35694051]Proposal
Technology is growing day by day, and electric vehicles have not reached their full potential, as there is room for improvement in the next few years to come. Electric vehicles have gained a lot of attention in the last few years in development, focusing on environmental issues and sustainable energy sources. Compared to the internal combustion engines, battery electric vehicles have many advantages such as energy cost and local emissions, but because of their high initial price, long charging time, limited charging stations, and driving range this causes the average person unable to afford such a vehicle. Many opportunities may arise to develop a low costing electric vehicle or conversion, with the technology the world has today, by 2028 the electric vehicles will advance in development which will allow further driving ranges and less charging time. Areas of improvement such as: battery density, allowing a larger battery to increase the vehicles driving range. Reduce range anxiety, by improving the vehicles energy efficiency, predicting the energy consumption accurately and choosing the most energy efficient route (Wang, 2016). In addition, implementing home charging stations for homeowners with electric vehicles for a certain additional charge, as there are many ways around implementing these sorts of accessions, such as: 
Roof-top solar, home battery storages, smart meters, bi-directional invertors and chargers work in harmony to capture store and optimise locally-produced energy, only drawing from the grid when necessary periods of low demand on electricity prices keeping it to a minimum (Jafari & Giltinan, 2020).

This can allow people to stop worrying about stopping at a charging station, also, with technology advancing vehicle ranges can be increased with further research and development. 
Driving cycles entail an important aspect with energy usage efficiency within electric vehicles and the exertion degree of energy efficiency in the electromotor. The electromotor requires different operating conditions when different average driving forces are involved. They contain different distribution areas in the efficiency map within the electromotor and its control system. If a cruise control system was applied to the electric vehicles, constant speeds can be achieved allowing the battery to run as smooth as possible without having a discharge. Driving ranges in electric vehicles are related within the driving cycle, which should allow the driving cycle to match real operating conditions. This will allow the vehicle to travel to high extents in more efficient areas and increase energy efficiency (Fenzhu, et al., 2009).
During this drive cycle, electric vehicles would be generally more efficient compared to the internal combustion engines used in this study, where sources like (Chang, et al., 2014), state the electric vehicles are three times more fuel effiient (MPGe) than the internal combustion engines (MPG), as this is because the electric vehicle efficiency is calculated from the battery to the wheels, whereas the internal combustion engines are calculated according to the fuel which applies the power into the wheels. The only issue at the moment seems to be the range in which the electric vehicle can travel before charging, for this drive cycle there is not an issue, where the user can drive to their destination and back without having to charge the vehicle, where previously calculated above.
Moreover, from further research in order to calculate the charging time for the desired battery size use Equation 23. 

[bookmark: _Ref35690675][bookmark: _Toc35693976]Equation 23: Charging time for the electric vehicle (hr.min.sec.ms) (Drive Electric, 2019)
This depends on the type of charger being used, such as a home charging device charging speed is approximately 7kw, whereas high powered chargers in industrial sites such as; supermarkets and shopping centers, which provide a charging speed of 22kw and are convenient if the user is stopping for a long time and can fully charge their vehicle in a shorter amount of time than if they were to be at home. In addition, rapid chargers at 50kw, which are placed on the motorways for long journeys and if you cannot stop for a long period of time and Lastly, there is the fast charger at 50kw, however, ideally the user does not want to use this type of charging device as it can damage the battery and only to be used in emergencies.
Further development in electric vehicles can include, more regenerative systems, allowing the vehicles to consume the most amount of energy and use this energy to get the best fuel consumption thorugh out the drive cycle. 
Personally, electric vehicles should not include self-driving or anything that is not in control of the user as many possibilities can make these systems go into fault. These electric vehicles will be produced without any self-automated systems and will all be in control of the driver, which will increase the companies possibilities of sales because a lot of people are cautious of these systems and prefer to be in control of the vehicle and that is what it should be like. However, if the company was to advice anything is for only public transportation to be self-automomated, why?, because with public transportation such as trains, trams, any type of vehicle which is connected to a system or track can be automated. 


[bookmark: _Toc35694052]Conclusion/Further Work
To conclude, the raw data was useable in order to find the most efficient vehicle to ‘drive to work’, which was the Volvo V40, being the most practical vehicle out of the three vehicles. Further work conducted involving KERS and Electric conversions show, the Volvo V40 being the better vehicle as expected in the beginning of this study. However, electric vehicles are becoming the new thing and as stated above they are nearly triple more efficient than the internal combustion engines and shows how technology is advanced in this day and age. 
[bookmark: _GoBack]Further work that could have been produced, such as flywheel KERS if known values for the mass and radius’ of the flywheel and a more in depth knowledge of how to do a simulation based on the journey back, representing the 60km journey instead of assumptions and based values carried out on the initial journey. 
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[bookmark: _Toc35694001]Figure 25: GPS Latitude (Â°) vs Distance (km)











[bookmark: _Toc35694002]Figure 26: GPS Longitude (Â°) vs Distance (km)











[bookmark: _Toc35694003]Figure 27: GPS Altitude (m) vs Distance (km)











[bookmark: _Toc35694004]Figure 28: GPS Vehicle Speed (kmh)
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[bookmark: _Toc35694006]Figure 30: Engine Power (hp) vs Distance (km)











[bookmark: _Toc35694007]Figure 31: Engine Torque (Nm) vs Distance (km)

Toyota Aygo; Stored energy sources (J) vs Distance (km)
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Volvo V40; Stored Energy Sources (J) vs Distance (km)
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Triumph Tiger 800 XC; Stored Energy Sources (J) vs Distance (km)
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Total Road Load (N) vs Distance (km)
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Volvo	30.6	32	32.599999999999994	35.299999999999997	35.899999999999991	37.599999999999994	40	43.8	45.399999999999991	46.79999999999999	49.899999999999991	54.899999999999991	56.29999999999999	58.29999999999999	58.599999999999987	59.199999999999989	61.199999999999989	5143.4396751178501	6148.6385963406583	5479.4553446405325	5405.632570077054	5594.6248793644118	5014.8986313781706	5721.4794837965965	5735.6941082712519	5638.6222940997013	6049.5732562382354	5107.2539909355464	6163.7756838978257	4864.4304548193113	5858.0627361694942	5210.0283135846712	6290.5386436644449	Aygo	30.9	32.4	32.9	35.599999999999994	36.299999999999997	37.799999999999997	40.5	44	45.9	47.2	50.400000000000006	56.000000000000007	56.800000000000004	58.900000000000006	59.2	59.7	61.800000000000004	4898.7484898752218	6131.977868393783	5222.0309075472114	5365.8649788637258	5237.418511313057	5084.1541595501903	5454.5894828313176	5723.519898149837	5404.1672501178891	5710.9085275070684	5466.3480553658565	6144.4782780289124	4921.1917311908064	5738.3603057714281	5206.583523824781	5977.6981150622041	Triumph	31	32.299999999999997	34.199999999999996	35.599999999999994	36.199999999999989	37.699999999999989	40.79999999999999	43.79999999999999	45.699999999999989	47.599999999999987	50.399999999999991	55.599999999999994	56.899999999999991	58.999999999999993	59.29999999999999	59.79999999999999	61.999999999999993	11056.562360476533	11576.221771438708	11777.830224651816	11482.105399166578	11583.687360029056	11304.662268848117	11857.373583595716	10837.156446103429	10362.513395610888	11530.352411153041	11206.917716414404	11155.552381167901	10748.180453623218	11142.716676665263	10635.551323557294	10902.964242463793	Distance (km)


Aygo, Volvo; Total Road loads (N)


Triumph; Total Road Loads (N)




2nd; Total Power (W) vs Distance (km)

Aygo	30.9	32.4	32.9	35.599999999999994	36.299999999999997	37.799999999999997	40.5	44	45.9	47.2	50.400000000000006	56.000000000000007	56.800000000000004	58.900000000000006	59.2	59.7	61.800000000000004	58888.829616957621	79715.712289119183	93996.556335849804	101951.43459841079	120460.62576020032	86430.620712353237	120000.96862228899	171705.5969444951	156720.85025341879	154194.53024269085	98394.264996585422	67589.261058318036	49211.917311908066	91813.76489234285	78098.752857371714	56788.132093090942	Volvo	30.6	32	32.599999999999994	35.299999999999997	35.899999999999991	37.599999999999994	40	43.8	45.399999999999991	46.79999999999999	49.899999999999991	54.899999999999991	56.29999999999999	58.29999999999999	58.599999999999987	59.199999999999989	61.199999999999989	64395.025009796613	70722.295532870441	79932.301752428553	98630.196203529587	102707.01883146403	128676.37222538146	85253.276733428895	125872.54864352512	172070.82324813755	163520.04652889134	163338.47791843236	91930.571836839837	67801.532522876078	48644.304548193111	93729.003778711907	78150.42470377007	59760.117114812223	Triumph	31	32.299999999999997	34.199999999999996	35.599999999999994	36.199999999999989	37.699999999999989	40.79999999999999	43.79999999999999	45.699999999999989	47.599999999999987	50.399999999999991	55.599999999999994	56.899999999999991	58.999999999999993	59.29999999999999	59.79999999999999	61.999999999999993	19362.238858836932	99509.061244288794	138914.6612572645	212000.94404373268	218160.00258416496	266424.80928066827	169569.93403272174	225290.0980883186	303440.380490896	279787.86168149399	242137.40063421385	201724.51889545927	145022.1809551827	107481.80453623217	178283.4668266442	175486.59683869535	65417.785454782759	Distance (km)


Total Power (W)




2nd; Total Energy Consumption (J) vs Distance (km)

Aygo	30.9	32.4	32.9	35.599999999999994	36.299999999999997	37.799999999999997	40.5	44	45.9	47.2	50.400000000000006	56.000000000000007	56.800000000000004	58.900000000000006	59.2	59.7	61.800000000000004	7479646.9161386332	2933139.6336781462	14767986.959038021	3776383.0889597512	9397133.4155531991	13309537.714116005	17519541.414011069	9278111.9308958072	6892426.273295111	18961147.189413439	31284259.767134339	7596559.8181275371	10808462.611131681	2479889.7897421769	3283037.2738653328	11459845.056385754	Volvo	30.6	32	32.599999999999994	35.299999999999997	35.899999999999991	37.599999999999994	40	43.8	45.399999999999991	46.79999999999999	49.899999999999991	54.899999999999991	56.29999999999999	58.29999999999999	58.599999999999987	59.199999999999989	61.199999999999989	8317790.6222119639	2941109.0429806146	15495987.385928925	3804370.6845362764	10038043.797301978	13128237.337457467	18376762.739211436	9297846.9342131261	7191448.1262941193	20085569.291151699	29229141.454379551	7620417.6448436091	10683797.252224203	2531620.3920630049	3285209.4032723806	12059591.63376911	Triumph	31	32.299999999999997	34.199999999999996	35.599999999999994	36.199999999999989	37.699999999999989	40.79999999999999	43.79999999999999	45.699999999999989	47.599999999999987	50.399999999999991	55.599999999999994	56.899999999999991	58.999999999999993	59.29999999999999	59.79999999999999	61.999999999999993	3239302.5610789889	16647865.946146749	18878502.464862257	16769274.673859285	7613784.090187327	18623094.168718796	38509332.018831052	26539173.554804023	20209129.340693645	17878444.361447427	34407724.63012179	61707530.330120966	14516720.313613791	22786142.561681222	5705070.9384526247	5247049.2454769965	21659828.764078569	Distance (km)


Total Energy (J)




GPS Latitude (Â°)
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