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[bookmark: _Toc35822426]Introduction
Drive cycles have been a crucial part of car manufacturing for multiple years now, with the NEDC being first introduced in 1970 for petrol vehicles driving in busy European cities with a max speed of around 50KM/H (31MPH) Drive cycles can be used to produce figures relating to fuel economy and various emissions that are produced while driving. However, it has been known that the NEDC was unable to represent what the vehicle would produce in a real-world situation. During the cycle, the vehicle is put through five repeated cycles, four urban driving cycles and one extra urban cycle. It has been proven that various manufactures were attempting to find loop holes in the cycle, fiddling with tyre pressures, modifying cars and even running a ‘defeat device’ that was a piece of software that could detect whether the car was being tested or not and adjust accordingly. 
The last update for the NEDC came in 1997, so in recent years it has been heavily criticized since hybrid/stop start technology was not prominent in vehicles like it is today in many modern cars. With this being considered, a new drive cycle has been created, the World Harmonized Light-Duty test procedure (WLTP)The aim for the WLTP is to show more realistic fuel economy and emission results and came into effect for all vehicles in Europe in September 2019. The biggest changes from the NEDC to the WLTP were higher max and average speeds, wider range of driving conditions, a longer distance, steeper acceleration and deacceleration and hot and cold engine starts that consider stop start and hybrid systems. 
This assignment does not look into the standards that are set to the manufacturers, the data that is looked into is real life data taken from a 30km drive from home to the workplace in two different cars and a motorcycle. Using data that is calculated via the OBD2 port, which is the information that the ECU receives so that the vehicle can perform correctly. Additional data was that generated from the app that runs the OBD2 data that runs on a mobile phone that traveled with the vehicle, this app was called ‘ScanXL.’ Using the information from the OBD2 and the app, a variety of other information could be calculated. 
[bookmark: _Toc35822427]Task 1/2
[bookmark: _Toc35822428]The vehicles
Data was provided for three different vehicles, a Toyota Aygo, which has a 1Litre 3-cylinder petrol engine, producing 69HP and weighing 940KG with driver. With a WLTP combined fuel economy of 57.7 MPG and a CO2 output of 93g/100KM (Toyota Aygo Running Costs, MPG, Economy, Reliability, Safety | What Car?, no date) The Toyota Aygo can be considered as one of the best city cars on the market today, relatively cheap to buy and to run, while being small enough to be comfortable to drive around a busy city.
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[bookmark: _Toc35821054]Figure 1 Toyota Aygo ((89) 2016 Toyota Aygo Review - YouTube, no date) 
 The second vehicle is the Volvo V40 D2 Cross Country, this has a 2Litre turbocharged 4-cylinder diesel engine producing 118HP and with a weight of 1508KG. With a claimed WLTP cycle combined MPG of 76 and 96g/100KM of CO2.(Volvo V40 Cross Country D2 (120 hp) 2016-2019 MPG, WLTP, Fuel consumption, no date) An interesting point of the Volvo is that it delivers its peak 280N/M of torque at 1500RPM(New Volvo V40 Cross Country 2016 review | | Auto Express, no date) When compared to the AYGO which produces 95N/M(Toyota Aygo Hatchback 1.0 VVT-i X-Pure 5d specs & dimensions | Parkers, no date). There is considerably more torque being produced from the 2litre turbo engine, which would be expected. 
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[bookmark: _Toc35821055]Figure 2 Volvo v40 D2 (New Volvo V40 Cross Country 2016 review | | Auto Express, no date)
The final vehicle was a motorcycle, a Triumph Tiger 800 XC, an 800cc 3-cylinder petrol engine producing 94BHP and a combined rider and bike weight of 315kg.(TRIUMPH TIGER 800 XC (2010-2014) Review, Specs & Prices | MCN, no date) Although there doesn’t seem to be any CO2 data readily available, it has a claimed MPG of 43MPG with a redline at 10000RPM and 79N/M of torque.(2011 Triumph Tiger 800 and 800XC | First Ride Review, no date)
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[bookmark: _Toc35821056]Figure 3 Triumph Tiger 800 XC (2011 Triumph Tiger 800 and 800XC | First Ride Review, no date)
Overall, these three various vehicles have different reasons for being used, producing a range of power between all three. Dr Williams stated that all three produce similar ‘real world’ MPG, all managing 50MPg (+/- 1) With this it can been seen that this is below what the claimed MPG for the Volvo and the Toyotas, whereas above the Triumphs. 
[bookmark: _Toc35822429]Data
The data that was provided was in two formats, one was being able to access the data via the ‘ScanXL’ app and download the data from there. Or use the CSV files that were put onto moodle, these were downloaded, and the format changed to Excel so that all the information could be saved and kept in one file. When opened, there was over 300 columns of data for each vehicle, many of these columns were irrelevant, with many having no data at all or fata that was irrelevant. There was also multiple of the same data, for example multiple speed readings, having the GPS speed and the SAE speed. Where possible, the SAE measurements were used, this is due to this information being more accurate as this is the information that the vehicles ECU uses. Rather than the GPS readings that was taken from the mobile phone GPS that was used in all three vehicles. 
The first piece of information that was generated was the longitude and latitude, this was generated by the GPS positioning from the mobile phone that was kept in the various vehicles. The data for all three vehicles was the same as can be seen in the graph below. 

[bookmark: _Toc35821057]Figure 4 Graph showing Longitude vs Latitude
Once the longitude and latitude graphs were plotted, the next graph that was created from the data was speed (SAE KPH) laid with the RPM of the vehicle at that time. These are below:

[bookmark: _Toc35821058]Figure 5 Graph Showing Speed over RPM AYGO

[bookmark: _Toc35821059]Figure 6 Graph showing Speed over RPM Volvo

[bookmark: _Toc35821060]Figure 7 Graph showing speed over RPM Triumph
These graphs show some interesting trends straight away that can be looked out, for all three vehicles the RPM and speed during the first stint of the cycles are very similar. This is due the roads that they are using, the vehicles are having to be worked harder getting up to speed and then slowing back down again for various corners. However, as the vehicles get onto the motorway (Where the highest average speed is) the Volvo has the greatest difference in RPM to speed, while sitting at around 120KPH the engine is at around 2000RPM. Whereas the Triumph at around the same speed, the engine speed is 5500RPM and the Aygo around 3250RPM. 
It is worth noting that during the three separate journeys, the average speed of the journey did differ for each vehicle, there could be many factors that could affect this, including road conditions, traffic, weather and multiple other reasons. 
	Vehicle
	Average Speed (SAE MPH)

	Toyota Aygo
	36.3

	Volvo V40 D2 Cross Country
	35.2

	Triumph Tiger 800 XC
	31.3


The next set of data that was pulled out from the excel sheet was the fuel consumption. This was done by using the instantaneous fuel consumption data that was produced, this was then plotted over time. 

[bookmark: _Toc35821061]Figure 8 Graph showing instantaneous fuel consumption
This graph can show where each vehicle used the most amount of fuel in one go, which would suggest a harsher acceleration. The greatest spikes are those of the Volvo, this would make sense, being the largest capacity, it would use more fuel when accelerating. The Triumph is not too far behind the Volvo, even though it is the smallest capacity. This could be because the bike engine must work harder and rev higher to be able to accelerate. 
Plotting the instantaneous fuel against RPM shows that the spike above is due to the stop start system in the Volvo cutting in and turning back on. This is where the heaviest acceleration would have been from a complete stop to getting back up to full speed, the other spikes in fuel consumption also coincide with other harsh accelerations that the car is put under. Where when the Volvo is at a constant speed, due to the gearing it is capable to sit at 120KPH at lower RPM’s compared to the other vehicles which rev higher at the respective speed. 

[bookmark: _Toc35821062]Figure 9 Instantaneous Fuel over RPM Volvo

Figure 10 Altitude Travelled Volvo
This graph shows the altitude travelled by the Volvo, it has a peak of 222M and drops to 5M above sea level. If the vehicle travels from 222M to 5M as one slope, the potential energy for the Volvo is calculated using:

[bookmark: _Toc35822411]Equation 1 Kinetic Energy
This was calculated as 3210KJ. 
[bookmark: _Toc35822430]Taking the data further
With the data that was provided, this could be taken further and used to calculate how much power the vehicle is using at various points throughout the journey. It is worth noting at this point that in the ScanXL software, it did have the capabilities to produce some of this data itself, to do this the data has to be inputted when the software is loaded. 
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[bookmark: _Toc35821063]Figure 11 Showing the information that can be inputted in ScanXL
When collecting this data, Dr Williams chose not to input certain data so that the software didn’t output extra information. After looking through the program, there is no clear indication of the calculations that the software is using to produce the extra information. Being unable to see these calculations, it can’t be certain that it is calculating things correctly, it could be a possibility that the software is using multipliers, assumptions or generic information. By leaving the information out and calculating it afterwards, could provide more reliable results. 
Using basic physics, more information can be calculated such as the drag and rolling resistance, vehicle acceleration and the force needed to move the vehicle, which in turn allows the power needed to reach the speeds that were provided. For these calculations, a flat road surface for the duration of the journey has been assumed, this due to calculating unreliable road slope figures while attempting it.
Using the SAE speed in MPH, the first step was to calculate the change of speed of each vehicle in m/s^2. Firstly, the SAE MPH must be changed from MPH to M/S. This was done using:

[bookmark: _Toc35822412]Equation 2 MPH to M/S
Once this was done, taking the first speed away from the second speed gives the change in speed (Acceleration.)

[bookmark: _Toc35822413]Equation 3 Change in speed
Now that the speed and acceleration in M/S is known, the next step was to calculate the masses of the vehicles, a 100kg mass was assumed on all three to account for driver and any luggage which is also used as the industry standard. (WLTP DTP Lab Processes subgroup Title Vehicle test mass, no date) The masses for all the vehicles can be found below:
	 
	Mass (KG)
	Total 
	Reference 

	Volvo 
	1408
	1508
	(Volvo V40 Cross Country D2 Summum Technical Specs, Dimensions, no date)
	Aygo
	935
	1035
	(Toyota Aygo 2 3doors 1.0 VVT-i ECO Technical Specs, Dimensions, no date)
	Triumph 
	215
	315
	(TRIUMPH TIGER 800 XC (2010-2014) Review, Specs & Prices | MCN, no date)

These masses were then used throughout the rest of the calculations. 

The next piece of information that was calculated was the force needed to move the car, having the mass and the acceleration, the formula below was used:

[bookmark: _Toc35822414]Equation 4 Force = Mass  Acceleration
As the acceleration changes throughout the cycle for each vehicle, this was completed for all columns. 
To work out the power needed for the vehicles to reach the speed that they did, more forces need to be taken into consideration, such as the rolling and drag forces. For all forces, a more simplified equation has been used, discounting inertia of the engine etc. To be able to calculate the rolling and drag force, first the coefficients must be known. 
To calculate the rolling coefficient, a tyre pressure was first presumed of 2.3Bar for the Aygo and 2.42Bar for the Volvo with these a rolling coefficient equation can be used:

[bookmark: _Toc35822415]Equation 5 Rolling Coefficient (Rolling Resistance, no date)
This was then used for the two cars for every reading to see how it changed with the increase of speed. The max coefficient for the Volvo was calculated as ‘0.009949404’ and ‘0.010138417’ for the Aygo. The slight difference here using ‘Equation 4’ will be due to speed and tyre pressure, one thing the above equation does not consider is tyre size and contact patch. If this was to be completed again, a more detailed equation would try to be used to give more accurate results. 
Following on from the cars rolling coefficient, the coefficient for the bike must be calculated, consulting Vittori Cossalter’s book, it was suggested that around 0.02 would be correct. Due to speeds not to going in excess of 165KPH, the following equation was used: (Cossalter, 2006)

[bookmark: _Toc35822416]Equation 6 Motorcycle Rolling Coefficient
Using a tyre pressure of 1.7Bar, this produce a max rolling coefficient of ‘0.019088235’ which is close to what was suggest in Motorcycle Dynamics, so these equations were used for the rest of the report. 
Once the rolling coefficients for all speeds and each vehicle was calculated, the rolling resistance could be calculated, this was done using:

[bookmark: _Toc35822417]Equation 7 Rolling Resistance
This was then used on three vehicles, giving a max rolling resistance for each:
		Max Rolling Resistance 

	Aygo
	102.9388975
	N

	Volvo
	147.1863147
	N

	Triumph
	58.98551029
	N




	
[bookmark: _Toc35821113]Table 1 Max Rolling Resistance


	

	

	
	
	

	
	
	

	
	
	


Once the rolling resistance force is known, the last force to be calculated is the drag force, both the Volvo and the Toyota drag coefficient could be found. 0.32 was used for the Volvo (Volvo V40 Cross Country D2 Summum Technical Specs, Dimensions, no date) and 0.28 for the Toyota (Toyota Aygo 2 3doors 1.0 VVT-i ECO Technical Specs, Dimensions, no date) The Triumph was a little harder to find, however using information from Vittori Cossalter’s Motorcycle Dynamics, a drag coefficient of 0.7 was used.
The next piece of information needed was the frontal area for all three vehicles, for the cars the following equation was used:

[bookmark: _Toc35822418]Equation 8 Frontal Area
For the Triumph a frontal area was used from Vittori Cossalter’s book of 0.7M^2 (Cossalter V. , 2006)
	Vehicle 
	Frontal Area

	Toyota Aygo
	1.88632

	Volvo V40 D2 Cross Country
	2.0796912


[bookmark: _Toc35821114]Table 2 Cars frontal area
Having both the frontal area and the drag coefficient for all, the following equation can be used to calculate the drag coefficient:

[bookmark: _Toc35822419]Equation 9 Drag Force
Having calculated all the force, the power required to achieve the speed for each vehicle can be calculated, the following equation was used:

[bookmark: _Toc35822420]Equation 10 Power (KW)
	Vehicle
	Peak Power (KW)
	Power (BHP)
	Max Power (BHP)
	Percentage used

	Toyota Aygo
	27.59
	36.99
	69
	53.6%

	Volvo V40 D2 Cross Country
	44.73

	59.98
	118
	50.83%

	Triumph Tiger 800 XC
	30.22

	40.52
	94
	43.12%


The table above shows the peak power required during the journey, with the Triumph using the least amount of its usable power, using only 42.12% of the power that it could potentially use. The Volvo uses 50.83% of its capable power and the Aygo slightly more at 53.6% of its potential power. Below is a graph for each vehicle showing where it uses its power, due to the calculations that were used to reach these, there was multiple negative values, these would be when the vehicle would be slowing down. To account for this, any value that would be below ‘0’ has been changed to ‘0’0 as it would not be possible for the vehicles engines to generate negative power. 

[bookmark: _Toc35821064]Figure 12 Power used by the Aygo

[bookmark: _Toc35821065]Figure 13 Power used by the Volvo

[bookmark: _Toc35821066]Figure 14 Power used by the Triumph
As it can be seen, most of the power is used to accelerate up to speed, once on the motorway (middle section of the data) the power delivery stays more constant. It could be seen that on the motorway in the Volvo, the power seems more abrupt, this could suggest that there was more traffic which resulted in slowing down and using the power to get to get back up to speed. 

[bookmark: _Toc35822431]Task 3
To complete task 3, the aim is to take one of the vehicles are try and improve the drive cycle journey that it previously went through in the last tasks. For this section, the Volvo V40 D2 cross Country was chosen, this is due to this vehicle being easier to modify if the suggestions were taken into the real world. Volvo are one of the leading innovative manufactures, with this vehicle being the only one out of the three to have a stop start system, the vehicle is also incredibly good on fuel and its CO2 output for a 2L diesel, with Volvo making use of various techniques such as a DPF, Catalyst Converter and an EGR valve. It is also worth noting that Volvo are currently working on and implementing various systems such as Kinetic Energy Recovery System (KERS) into its production vehicles, one of the first manufactures to put this technology into mass production cars rather than super/hyper cars. 
With the Volvo used as the base car and knowing that Volvo had been looking into implementing a KERS system into their vehicles, this was chosen as the basis of task 3. To be able to do this, first research was conducted into understanding what KERS is and how it works. A KERS system can occur in two different way, one by using a flywheel spinning at a high RPM (60,000RPM) or using an additional battery to store the energy that is recovered in. In the past there has been multiple issues with using a battery with F1 teams suffering a battery fire in 2012 after the Spanish Grand Prix, where fuel was sparked by static electricity from the KERS system. (Bernie Ecclestone says Kers responsible for fire in Williams garage | Sport | The Guardian, no date) and previously in 2008 while developing the system for 2009, RedBull suffered a similar failure which resulted in the fire brigade being called.(KERS failure caused Red Bull fire scare - F1 - Autosport, no date) With this information, it was decided to follow suit of using the fly wheel based KERS system in the Volvo. 
[bookmark: _Toc35822432]How does KERS work?
Following the first law of thermal dynamics, ‘Energy can not be destroyed or created, only transferred’ (The Laws of Thermodynamics | Boundless Chemistry, no date) This is seen all the time in vehicles, with a major example being the burning of fuel, as well as driving the engine, the energy is also dissipated in heat and sound. With this, when a vehicle brakes and starts to slow down, the energy that is in the car is transferred to the brakes where the energy is transferred from propelling the vehicle forward to heat and sound. 
For a prolonged period, this has just been accepted, with no way of harnessing this energy to use back in the vehicle. However, this is where KERS can help, using the kinetic energy of the vehicle to produce electricity to be put back in. A common misconception of KERS is that it uses the heat from braking for its energy, however this is untrue.
A KERS system works when the vehicle slows down, by using the kinetic energy of the vehicle, by using the rotation of the axel, a series of gears are used to change the direction of the rotating motion from the wheels. This rotational motion is transferred through a two-way CVT (Continuously Variable Transmission) and used to spin a fly wheel. This fly wheel is housed in a vacuum, where it is capable of spinning to 60,000RPM. This rotational energy when needed, can then spin an electric motor up, converting the rotational energy into electrical energy. In this case, the electrical energy can be put back through the CVT and used for a short period of time to supply power and drive the vehicle forward. 
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[bookmark: _Toc35821067]Figure 15 (Volvo Car Corporation, Flywheel KERS, system layout. - Volvo Cars Global Media Newsroom, no date)
It was chosen to follow suit of the prototype Volvo S60 KERS vehicle that uses a Flybrid KERS system fitted to the rear axel of the vehicle. Although normally a front wheel drive vehicle, when the KERS system is used, the rear wheels are also driven, making the vehicle briefly 4-wheel drive. 
The Flybrid system consists of a 5KG, 0.2m in diameter flywheel spinning in a vacuum at a max of 60,000RPM, it is able to produce 540KJ of power (around 80BHP) and dissipate this over 6 seconds to deliver the power to the rear wheels. (VOLVO CAR GROUP AND FLYBRID CONDUCT UK TESTING OF FLYWHEEL KERS TECHNOLOGY - Volvo Car UK Media Newsroom, no date) Task 3 involved implementing this system in the Volvo V40 D2 Cross Country
To see the full capability of this system, one section in the drive cycle was looked at, this is when the vehicle comes to a halt and the stop/start system is implemented. The vehicle then sets off again and reaches a speed of around 30MPH before sitting comfortably at this speed. As discussed previously, this is the point in which most instantaneous fuel is consumed during the journey, if this could be reduced, the car could be considered more economical. It is worth noting, that during this cycle the stop/start was only used once, however, if the vehicle was driven more in city conditions where stopping and starting is more frequent, a greater affect could be seen. 
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[bookmark: _Toc35821068]Figure 16 Part of the data that was focused on
The first part that was completed was to see that while the vehicle was slowing down to a stop, if it was capable to producing enough kinetic energy (KE) to charge the system. Assuming that all the KE could be transferred into the KERS system, the following equation was used. In the real world, not all the KE could be captured due to the brakes transferring some of the energy to heat etc., however for this model it has been neglected. 

[bookmark: _Toc35822421]Equation 11 Kinetic Energy Equation
This was completed for the data around the stop/start section of the data, take around 57.6 seconds and travelling 0.54KM. In this time, the KE summed to 1540KJ. Knowing this, this would generate enough KE to be able to charge the KERS system that would be implemented and be capable to pull away using this. 
Although it would be possible to use all the power that the KERS system could put out, analysing the original data it can be see that the Volvo travels to around 30MPH and is then consistent there for a period of time, this can be assumed to be the speed limit on that road. It was decided that the KERS system model would do the same, accelerate at a linear acceleration to 30MPH (13.4m/s) in 6 seconds to suggest a normal pull away procedure. The next step was to calculate what the rate of acceleration to reach this would be. Using the following equation this was calculated:

[bookmark: _Toc35822422]Equation 12 Equation to calculate acceleration
With ‘V’ being 13.4m/s and ‘U’ being 0 as it is from a standstill and taking 6 seconds to reach this speed, 2.23 M/S/S was calculated as the linear acceleration. 
This was then inputted into the data, using previous equations to calculate force, drag and friction, and then generating how much power would be used from the Flybrid system for this. 
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[bookmark: _Toc35821069]Figure 17 Excel Data used around the stop/start
The excel sheet above, shows where the speed (MPH) goes to ‘0’ this is when the vehicle has stopped. From this point, the KERS takes over up to 28.5mph, taking 5.7 seconds and travelling 39.4m. It was then assumed that at this speed the engine would then kick in and take over, taking the vehicle to a consistent speed with only small acceleration. To reach 27.5MPH that 24KW of power from the KERS system would be required, or 33BHP. This power is very much inside the range of the Flybrid system, where the system can provide up to 120BHP for over 6 seconds in a Jaguar. ((98) Flywheel Hybrid System for Premium Vehicles - YouTube, no date)
[bookmark: _Toc35822433]What benefits does this have?
Although this system could be used to boost power and acceleration time (with an additional 120BHP to the rear wheels) in this instance it is to try and increase fuel economy. To calculate this, the instantaneous L/100Km data was used, using the data that was already provide in the documents it can be calculated that over the 0.54KM, the standard Volvo uses 0.354L of fuel. This was calculated by summing the instantaneous fuel that was provided with the data (Although this is a calculated channel, so the data could be slightly inaccurate. However, as this will be a comparison between the KERS and the standard system it can be used as a comparison) 
To calculate this for the KERS system, the same instantaneous fuel was used prior to the stop, once the vehicle pulls away the KERS system takes the vehicle to 28.5MPH. At this point the engine would start back up, to account for the extra fuel needed for this start 140.8L/100Km was used, followed by 72.2L/Km to attempt to follow the same start procedure that was done by the standard vehicle. From that point due to the engine running, the consistent fuel use that the ‘standard’ Volvo was used as it was staying at the consistent speed, between 16.9L/Km and 36.3L/Km. Overall, bar the KERS system driving the car, similar fuel usage was used for both models. When the KERS system fuel usage was total, the fuel use for the 0.54KM was calculated as 0.27L, a reduction of 0.086L in comparison. Although not a huge saving in terms of size, this equates to a 25% reduction in fuel use with the KERS system, which is then supported by Volvo having the same reduction in a comparable vehicle when they tested this in 2012. (Volvo Cars tests of flywheel technology confirm fuel savings of up to 25 per cent - Volvo Cars Global Media Newsroom, no date)
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[bookmark: _Toc35821070]Figure 18 The Flybrid KERS used in the Volvo S60 that was used in this model
[bookmark: _Toc35822434]Conclusion 
Overall, on this drive cycle the KERS system would not be used for the purpose that was shown, due to the vehicle not stopping often, the savings would be minimal. However, if this model was taken further it could be used to analyse the use of this system on the motorway. It can be seen in the Volvo data that while on the motorway due to traffic the vehicle was forced to slow down multiple times, this system could be used as a ‘boost’ to get the vehicle back to a 120KPH cruising speed without having to engage the engine has hard as it is currently. 
The KERS system would be better used in city driving, where stopping and starting is a lot more frequent and could be able to fulfill the kinetic energy needed to use the KERS system. With the stop/start system being in place as well this should constantly be able to reduce the fuel consumption at these points by 20/25% and over a prolonged period make a sizeable difference to the fuel consumed on these journeys. By running the KERS system it would also qualify the vehicle as a hybrid, allowing a cheaper first year road tax, lower company car tax and possibly avoiding congestion charges in some cities. With the KERS model, it could perform better in the WLTP cycle due to the more stop start nature of the cycle.  (What is a hybrid car and should you buy one? | What Car?, no date) In conclusion, this model is supported by previous studies of similar vehicles. However, to take this model further it should be completed at more points on the cycle to see if it would be able to make a difference on the motorways and at other points when the vehicle would be travelling down hills. Throughout this model it was assumed to be on the flat, it was attempted using the equation to find out slope angle:

(Barbosa et al., 2012)
However, while doing so, the numbers produced did not seem to be correct, so to create a more reasonable model, it was assumed flat. On the other side, it was not accounted for in this model would be the added weight and packaging of the KERS system and the additional noise caused by the flywheel, which has been described as sounding like a washing machine on a run. The extra weight could cause a reduction on the ability to get to speed and adding extra parts into a vehicle could disrupt passenger/boot space. All this must be considered, along with the extra cost when mass producing a car for the general market. 
[bookmark: _Toc35822435]Task 4
The aim for task 4 is to consider the decision-making process of a car manufacture technical director for producing a vehicle in 2028. Most vehicles from concept to production take between 5-10 years to make it to the road. By 2035 the British government plan to ban all petrol/diesel/hybrid vehicles on the roads, with that in mind it is safe to assume that the life span for this particular vehicle would need to be around 7-12 years (with updates) to make back the money put into the research and development to make this cost effective vehicle and to produce a profit for the company. That in turn reduces the choices for this vehicle, with the main possibilities being electric/hydrogen/bio/synthetic fuels. There are many positives and negatives for all choices, however this task will investigate the possibility of hydrogen vehicles on the road. This was chosen due to the extensive research completed into hydrogen fuels by major manufacturers such as Honda and Toyota and with Japan aiming to have 90% of all vehicles on the road by 2050 (Japan’s hydrogen dream: game-changer or a lot of hot air? | Financial Times, no date) alongside California. There is a push and collaboration to making this a sustainable and affordable solution.
Although there are positives to the other options, for example synthetic fuels are more carbon friendly for the environment (Wilson and Styring, 2017)  However, more investment is needed into research into these fuels for them to become viable for use in vehicles. With high costs to produce, this extra cost will drive up the cost of driving, possibly putting many users off. Along with the volume of fuel that would be needed across the globe, it would require a huge investment from governments and companies to make this a viable solution.
Electric vehicles are another option that could have been considered, with this being the lowest cost of a vehicle to run. With a full charge on a vehicle with a 60KWh and a range of 200miles costing around £8.40 (Cost of Charging an Electric Car | Pod Point, no date) This is by far the cheapest way, with the average fossil fuel car achieving 50.5MPG (FAQs about road transport and the environment, no date) Roughly four galleons (18L) of fuel would be needed to get the same range, using a cost of fuel at £1.18 per liter it would cost £21.24 to cover the same distance, with electric costing around 60% less than fossil fuels. However, a fossil fuel car can be refueled and ready to go in around 5 minutes, whereas an Tesla using the supercharger will take 75 minutes to fully charge and if plugged into the house can take anywhere between 24-32 hours if a charger has not be installed at the house. (Charging at home guide - Tesla Owners UK, no date)(Chargers can be installed at home, starting from £300 to £1500) Although not a problem if city driving where it a long range is not always necessary, this seems impractical for longer journeys which may take an additional 45-60 minutes to charge on route. However, battery technology is improving so this could change in the future, but currently if the range needs to be increased, more batteries are needed. More batteries mean more weight which requires more power to move, until there are improvements in batteries, it is currently a never-ending cycle. 
[bookmark: _Toc35822436]Hydrogen
Hydrogen vehicles can be considered like electric vehicles, that is both vehicles use electricity to power motors to drive the vehicle. However, where electric vehicles are ‘charged’ and store this in batteries in the vehicle to use, hydrogen vehicles us a fuel cell to produce the electricity while on the move, any power that isn’t used is then stored in batteries for use later. 
A hydrogen fuel cell consists of anode, cathode, catalyst and electrolyte, hydrogen is pumped into the anode side (H2) and oxygen flows through the cathode side. The catalyst then aids in splitting the hydrogen into its electron and positive ions, as only positive particles can flow through the electrolyte, the positive ion passes through and combines with the O2, creating H20 and passing out the exhaust. Whereas the electron is not able to pass through the electrolyte this is transported through a wire. An electron travelling through a wire is also known as electricity, and it is this that powers the electric motor. (Hydrogen Fuel Cell Vehicles, no date)
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[bookmark: _Toc35821071]Figure 19 A schematic of a hydrogen fuel cell (Hydrogen Fuel Cell Vehicles, no date)
This technology tick’s majority of the boxes needed for real world use, Hydrogen is the most abundant gas in the universe, it is light weight and the only biproduct of this process is H20. However, there are some draw backs. For example, the catalyst is normally made of platinum, an incredibly expensive metal, with this it droves up the cost of production and the cost of the vehicle to the customer. Creation and transportation of hydrogen is expensive and not the most efficient, although the most abundant gas, getting hydrogen on its own is a complex process. Using either electrolysis (the most efficient method) or steam methane reforming which is completed on a much larger industrial scale. Currently this is the best option, however this is done on such a large scale that it is often done quite a distance away from the fueling stations. This requires the hydrogen to be transported to the location, here the efficiency drops again, with the gas being cooled to over -250 degrees Celsius (which requires energy from the grid) or pressurized. ((99) The Truth about Hydrogen - YouTube, no date) With this, a tank of hydrogen can cost around £80. 
However, although there are downsides to hydrogen, due to major manufactures and multiple countries/states helping fund and investing in this technology it is coming on leaps and bounds. With 16 hydrogen filling stations in the UK (Hydrogen cars: How the fuel cell works, where the UK’s filling stations are and how expensive they are to run | Edinburgh News, no date) however, with Shell and other fuel companies expecting to increase the amount of filling stations in the UK over the next decade this could make hydrogen vehicles more appealing to customers. 
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[bookmark: _Toc35821072]Figure 20 Hyundai Nexo (Hyundai Nexo - Wikipedia, no date)
At the moment in the UK there is only one new hydrogen car for sale, the Hyundai Nexo which costs £65,995, however the next generation hydrogen Toyota is due at the end of 202 and with Audi and BMW planning on releasing hydrogen vehicles in the next 2 years. This will increase demand on the need for more hydrogen fuel stations throughout the country. Even with the production of hydrogen currently using the grid/natural gases they are 30% more efficient than the fossil fuel vehicles that are currently on the market (CO2). In comparison to full EV vehicles, although they are more efficient, converting 77% of the power from the grid into to power at the wheels (All-Electric Vehicles, no date) compared to 40-60% from hydrogen (Program, 2006) Hydrogen is a more practical solution, with a greater range from the tank and the fill up time of 5 minutes in comparison to hour when fast charger of an EV. 
[bookmark: _Toc35822437]Conclusion of Task 4
As technical director, the aim for the vehicle would be a hydrogen powered hatchback, with no CO2 being produced from the fuel cell this would meet emission standards. As more hydrogen filling stations being planned around the country this would allow greater accessibility for people to fill up and without losing the practically of being able to fill up quickly and continue with their journeys. With all current and planned models in the future coming out, these are due to be bigger and more luxury cars, by attempting to produce the vehicle in a more mass production run to drive the cost down and make it more cost effective for consumers to purchase. If possible, a KERS system should also be implemented on the vehicle, this energy can be used to power the vehicle and increase the range of the vehicle further. Overall, although hydrogen powered vehicles are not there at this moment in time, with investment and a growing infrastructure for the fuel, this could be the future for vehicles. 
[bookmark: _Toc35822438]Conclusion 
Throughout this report, various technologies have been suggested that could/are being implemented in real-world vehicles to improve economy, performance and emissions. From analysing the data from the real-world drive cycle and implementing in a KERS system, although in this model it does seem to have positive effects on the drive cycle. If it was taken further, including the cost of implementing the system, the additional losses that would occur and the real-world affects could be seen, it would be interesting to see if over the life cycle of the vehicle if the benefits would over come the factors of putting it in. In this specific drive cycle, it could be suggested that it would not be worth the extra cost and weight that would occur with it. However, in a city environment the results could be much different.
Regarding using hydrogen or electric to power a vehicle, both have issues which result in them struggling at present on the UK roads. With the correct infrastructure and development, they would be a cleaner solution (emissions wise) over the current combustion engine. But manufacture are constantly improving engines, with new fuels being developed it could see the efficiency of the combustion engine improve and make the need for an alternative power obsolete.
It is also worth noting that in the grand scheme of things, the emissions of vehicles may not be the biggest worry. With planes contributing to 1.5% of the overall global anthropogenic greenhouse gas emissions (Planes Have to Get More Efficient. Here’s How to Do It | WIRED, no date) Maybe hydrogen planes might make more of a difference. 
[image: ]
[bookmark: _Toc35821073]Figure 21 Record day of flights in 2018	
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RPM


KPH




Litres per 100km
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L/100KM



Litres per 100km over RPM (Volvo)
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Altitude (M)
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KW 
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KW 
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