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1) [bookmark: _Toc35844029]Introduction

This report will describe the methods undertaken to interpret data supplied from three vehicles that undertook a 30km drive cycle. 
The data was analysed for integrity and validity, while making assumptions and comparisons against the three vehicles; a Triumph Tiger, a Toyota Aygo and a Volvo V40.
Graphs were produced from the extracted data to confirm its reliability, other calculations will be made to determine other crucial information about each vehicle and the resistive forces they are subjected to.
A single vehicle would be selected, and its performance analysed to determine what technologies could be implemented into the vehicle to improve its efficiency.
Impersonating a Technical Director, the author would discuss the vehicle that is best suited to a 60km daily commute, contemplating results seen within the technologies explored when analysing the singular vehicle.





2) [bookmark: _Toc35844030]Methodology

2.1. [bookmark: _Toc35844031]Task 1

Data was supplied for the three vehicles taking the same 30km route, recorded by an OBD2 data logger in its raw format. The data supplied featured over 300 columns, most of which is useless, including those in imperial units opposed to SI units.
There were columns for constants as well as wrong or incorrect data, columns containing variable averages with more than six numbers in each cell, from which data proved hard to extract. There was also a timestamp column which proved pointless and was not consistent with other timestamp column values, these were all deleted to leave only useful or easy to interpret data. This was repeated for the other two vehicles.
Within the data, errors had been noticed within both the calculated data, and the vehicle specification inputs/parameters through the “Dash Command mobile phone application (Palmer Performance, 2020). 
Upon examining the mobile phone application ‘Dash Command’, it had been noticed that several inputs were required to be entered for the calculated data to be more effective. Some of this data had been produced into the excel spreadsheet output file, other had not. The app required the following information about each vehicle;
1. Fuel Tank Capacity – Required to calculate fuel level, distance and time until empty.
2. Brake Specific Fuel Consumption – Fuel consumed to make one horsepower per hour.
3. Volumetric Efficiency – To tune the accuracy of the fuel consumption calculations.
4. MAF PID – Input should non factory installed MAF sensor be used.
5. MAP PID – Input should non factory installed MAP sensor be used.
6. Lambda PID – Input should non factory installed Lambda sensor be used.
7. Tyre Size – Used for gear calculations in the format width/aspect ratio/diameter.
8. Gear Ratios – Required by the gear and shift related calculations.
9. Kerb weight – Weight of the vehicle without driver, passengers or luggage.
10. Additional weight – Weight of the driver, passenger or luggage.
11. Drag Coefficients – Required to determine the aerodynamic effect of the vehicle.
12. Frontal Area – Required to determine the aerodynamic effect of the vehicle.
13. Maximum Engine Speed – Used within gear calculations, engines redline
14. Minimum Engine Speed – Used within gear calculations, allowed speed while in gear
15. Shift Point – Used within gear calculations, most economical shift RPM
16. Speed correction – Correction Factor, should the speedometer not be accurate
It is hard to determine whether all of this information was entered, but if it can be assumed that it had not, then none of the calculated data can be trusted. Because you cannot see how it is calculating the data as no equations are displayed, therefore the data cannot be altered to incorporate missing information. Some of the data required by the application, can only be entered as a single value, where within real-life operation, they are subjected to cyclic variation and fluctuations, this could cause issues even if a number was entered and cause inaccurate data. 
The data was recorded within the following sequence; Triumph Tiger, Volvo V40, then the Toyota Aygo. When the application was recording data from the Triumph, the phone was kept in an upright position, as opposed to lying flat on the ground. If the phone was calibrated by the application as flat on the ground, being upright in a motorcycle jacket pocket will provide inaccurate pitch and roll angle values of the vehicle, which could be accounted for, but the data would not be useful in its raw form.
Certain inputs for each vehicle had been entered incorrectly. This included the Volvo being logged as a Petrol, where in fact it has a diesel engine, so the fuel density was incorrect. As well as the Aygo having a set engine displacement of 0.8 litres, instead of a 1 litre engine causing the power, torque and fuel calculations by the application to be incorrect. Because of these two input errors brought the rest of the calculated data into question (Figure 1).[bookmark: _Ref35843602][bookmark: _Toc35843992]Figure 1 – Engine Displacement Wrongly Set To '0.8'

While examining the data, it was hard to find a value that was consistent enough to plot the data against. The only consistent data throughout each vehicle was the frame number, unfortunately this meant that the vehicles were offset from one another and required to be normalised to provide an exact and accurate comparison.
The Aygo was the only vehicle to include a channel with the percentage of absolute load the vehicle is subjected to, this is monitored through an SAE (sensor) on the vehicle. This variable hits a maximum value of 95.3% for a short period of time, but during this, the vehicle only accelerates by 1km/h, which is no different to the data before and after this maximum load value being within 60% & 70% load. Although this is recorded data, it may prove troublesome when using it to calculate other variables and crucial information about the vehicle during its journey.
When analysing the altitude of the Aygo, it was noticed that although at this maximum load value there was not a great deal of change in height above sea level, slightly afterwards there was, this may be the driver demanding more power from the engine to overcome the increase in road gradient, and therefore, the increase in resistive forces. 
Velocity was recorded by the data in three forms; Global Positionings System (GPS), Vehicle Speed Sensor (VSS) and calculated. We have already determined that the calculated data could not be sufficient to use, so to conclude on the best one to pick, they were overlaid together and plotted against frame number to displaying which was the least erratic and more realistic to believe (Figure 2 – Left). [bookmark: _Ref35843629][bookmark: _Toc35843993]Figure 2 – Comparison Of Toyota Aygo's GPS and Wheel Speed Sensor Velocities (Left), Zoomed Section (Right)

As seen within (Figure 2 – Right), the GPS speed seems to lag behind the VSS at several points, including having more fluctuations in value implying the driver did have a twitchy foot. Whereas, the VSS data appeared more consistent, so this was believed to be more trusted.[bookmark: _Ref35843962][bookmark: _Toc35843994]Figure 3 – Volvo Torque Over The Drive Cycle (Left), Zoomed Into Stop-Start Operation (Right)

Within the Volvo data, it was observed that the torque calculated by the data logger underwent a significant drop as the stop-start function of the vehicle came into effect (Figure 3 – Right), this validates that the inclusion of a stop-start feature throughout this drive cycle would not be beneficial to either reduce the CO2 or improve the fuel economy of the vehicle (Figure 3 – Left).



2.2. [bookmark: _Toc35844032]Task 2

Every piece of useful information extracted from the original data was plotted against the frame number to gather the data logger’s interpretation of the vehicle’s behaviour throughout the 30km journey. Information about the three vehicles could be obtained by the supplied data sheets, with kerb weights, basic engine specs and vehicle dimensions which could all be used for further calculations (Figure 4).[bookmark: _Ref35843670][bookmark: _Toc35843995]Figure 4 – Technical Specification Data Sheets Supplied For The Toyota Aygo (Left), & The Volvo V40 (Right)

The change in distance travelled per frame of the journey could be calculated by taking the Delta Time Frame column (the time between each frame in milliseconds), dividing it by 1000 to turn it into seconds, then multiplying it by the velocity per frame measured by the vehicle speed sensor. 

2‑1
This change in distance variable was now totalled to find the distance each vehicle had travelled. This enabled the ability to plot graphs against a variable that was consistent through every vehicle and help normalise the data.
Acceleration could be calculated by finding the change between each velocity value from the wheel speed sensor. This would better help to depict the scenario that the vehicle is undertaking and used later on.

GPS data was collected from the phone for longitude, latitude and altitude, along with velocity, roll and pitch angle dictated by the phone and its orientation. In order to validate the global positioning data, the latitude and longitude were plotted against each other for all three vehicles, this helped to correlate and confirm that the GPS data could be trusted (Figure 5).[bookmark: _Ref35843685][bookmark: _Toc35843996]Figure 5 – Latitude And Longitude Coordinates For All Three Vehicles

It can be seen from Figure 6 that the altitude graph provides a nice visual representation of the height of the vehicle at every point along the journey, it can also be used to collect information about the potential and kinetic energy that would be generated throughout the change in altitude above sea level.[bookmark: _Ref35843704][bookmark: _Toc35843997]Figure 6 – Altitude Plotted For All Three Vehicles


To calculate several variables, it was necessary to determine the gradient of the road at any given point along the journey. The pitch and roll angle of the vehicle was determined by the phone, which was susceptible to erratic readings, should the phone be jolted during the drive, causing noise. Using basic trigonometry, the angle of the road could be determined by using the change in altitude per frame as the opposite length, and the distance travelled per frame as the hypotenuse length. This led to the equation below:

2‑2
Unfortunately, this provided imaginary numbers and no method was found to correct any issue, the equation was checked and rechecked to ensure it was written correctly, but to no avail. (Figure 7).[bookmark: _Ref35843717][bookmark: _Toc35843998]Figure 7 – Imaginary Numbers Experienced When Calculating Road Gradient Using Basic Trigonometry



An equation was provided by the ‘Open Agriculture Journal’ (Barbosa, et al., 2012) for how to determine the gradient of the road, by using the pitch and roll angles of the vehicle. 

2‑3
This equation provided more accurate results, although slightly higher than expected, but because of the phones orientation and erraticism, it was hard to determine whether this was correct. This method worked perfectly for the Aygo and the Volvo, taking into consideration that as the vehicles traverse the uphill gradient of the road, the rear of the vehicle generally squats down, causing the front of the vehicle to rise, polluting the vehicle’s pitch measurements.
Unfortunately for the Triumph, because of the lean angle of the motorcycle during normal operation, it interfered with the roll angle recorded by the phone, displaying values of +180⁰ to -180⁰, which is not correct. To counteract this, the road slope (gradient) of the Aygo and Volvo, were averaged and used for the Triumph to provide more accurate values (Figure 8).[bookmark: _Ref35843735][bookmark: _Toc35843999]Figure 8 – Road Slope Plotted For All Three Vehicles

Resistive forces that impede the vehicle along its daily commute could now be calculated:
Using the specification sheets provided for each vehicle, it was possible to attain the drag coefficient (CD), the tyre dimensions, the height and width of the vehicle. The frontal area (A) can be calculated by multiplying the height and width of the vehicle, then by 0.85 to provide a more accurate representation of the frontal area taking empty space around the vehicle inside those dimensions into account. 

2‑4
Assuming the standard air density () at sea level to be 1.225 kg/m3, it was now possible to calculate the resistive drag force exerted onto the vehicle at any given point, given its velocity () in metres/second (m/s).

2‑5
An equation was provided by Engineering Toolbox (The Engineering Toolbox, 2020) that enabled the calculation of the rolling resistance coefficient (CRR) when knowing the tyre pressure in bar, and velocity in Kmh. 

2‑6
The rolling resistance (RR) can now be found along every point of the vehicles journey.

2‑7
The inertial force of the vehicle in motion can be determined.

2‑8
The total resistive force can be determined by the addition of every resistive force at every given point in time.

2‑9
Once the tyre dimensions were discovered, the rolling radius of the wheel could be calculated, the width of the tyre (mm), the aspect ratio (%) and the diameter of the wheel (inch), once converted to the appropriate units (mm), then converted into metres ( by 1000), aided with this equation.

2‑10
The torque applied through the wheel to overcome resistive losses can be calculated by multiplying the resistive forces by the rolling radius.

2‑11
Two powers to overcome the resistive losses can be formulated in both angular and linear forms. Both equations use velocity in m/s and output values in Watts (W), when divided by 1000, the SI units of kilowatts (kW) can be attained. These values should be identical and validate each other, if not, then an error has occurred elsewhere and would need to be corrected. These power values can be compared to the other vehicle to see how much power is required 

2‑12

2‑13
To understand the basic environmental pollution created by each vehicle, the CO2 emissions can be equated. The fuel tank capacity of each vehicle, the density of each fuel, along with the molecular weight and contents of each fuel was sought out for these equations. 

2‑14

2‑15

2‑16

2‑17
The greenhouse emissions produced per 1kg of fuel can now be compared for each vehicle to determine which is the least polluting method of transport.

There is a significant number of graphs available for viewing within supplied MATLAB code for further viewing.

2.3. [bookmark: _Toc35844033]Task 3

The Volvo V40 was chosen as the vehicle best suited for this venture over a 60km daily commute, mainly due to the weight to mpg value achieved, since all three vehicles attained a 50mpg fuel economy figure, improved efficiencies over petrol engines where diesels are now becoming more cleaner in emissions, and it is imperative to make diesels as clean as possible as during the crude oil separation process, diesel will always be present and extracted.

2.3.1. [bookmark: _Toc35844034]Alternative Fuels

Since the internal combustion engines’ conception in the 19th century, crude oil has been in high demand, it helped to revolutionise the world and enhance global trade. The engineering industry has always looked elsewhere for alternative fuel sources to achieve either a cheaper, more efficient or a less polluting power source, but it is hard to implement one without compromises. [bookmark: _Toc35844000]Figure 9 – Carbon Dioxide Produced By Various Means Of Energy Production  (ViaSpace, 2020)

Renewable energy has been thoroughly explored, but without further technological breakthroughs, the infrastructure to support these methods are either incredibly expensive, have a low energy density, or they are susceptible to the weather, e.g. building a multi-million-pound solar farm in north Wales isn’t the best of ideas (Sands, 2017). 
There are other hydrocarbon-based fuels that standard ICE’s can run on if blended correctly, such as;  Biodiesel, Ethanol or Methanol. Each fuel pros and cons. 
A small study was conducted on the CO2 emissions created, should an alternative fuel be used. A list of 21 different substances, such as; pure Hydrogen, Hydrocarbon and Alcoholic based fuels were sourced having used them in a previous assignment, and their individual CO2 emissions were calculated based on 1kg of fuel (Figure 10). [bookmark: _Ref35843787][bookmark: _Toc35844001]Figure 10 – Alternative Fuels; CO2 Produced Per 1kg Of Fuel (Left), LHV Per 1kg Of Fuel (Right)

Since each chemical has a different molecular composition, and therefore density, it was necessary to provide a fair comparison. It could be assumed that if they were adjusted to produce the same amount of energy released compared to the Lower Heating Value (LHV) of iso-Decane (Diesel) to sufficiently power the vehicle, without suffering a loss in drivability or performance. The difference between each chemicals’ LHV and that of iso-Decane was sought as a ratio.

2‑18
This was then multiplied by each chemicals’ LHV, so they equalled that of iso-Decane. This determined the new mass of the chemical required to match the LHV, effectively increasing the energy density of the substance, which in turn, calculated the amount of CO2 produced in relation to the iso-Decane.

Aside from Hydrogen, the CO2 produced is fairly similar per 1kg of fuel combusted, especially amongst hydrocarbon-based fuels, after balancing their LHV to accommodate for the different fuel and energy densities. The pattern observed resembles the CO2 produced when burning 1kg of the fuel, although some differences have been amplified (Figure 11).[bookmark: _Ref35843801][bookmark: _Toc35844002]Figure 11 – Alternative Fuels; CO2 Produced After Balancing LHV (Left), LHV Values Of Fuels When Balanced (Right)

Another study was conducted into the effects of CO2 emissions produced from combusting a blended fuel mixture. The same 21 chemicals could be combined into any number of blends, then compared against standard iso-Octane (Petrol) and iso-Decane (Diesel).
A previous assignment used a fuel blend of 50% iso-Octane and 50% Methanol, this was the first mixture to be calculated, since the CO2 emissions were already known and could validate the results for any following mixtures (Figure 12).[bookmark: _Ref35843812][bookmark: _Toc35844003]Figure 12 – Alternative Fuel Blend; CO2 Produced Per 1kg Of Fuel (Left), LHV Per 1kg Of Fuel (Right)


Using the same LHV ratio as before, the blended fuel mass was altered, and the CO2 emissions re-evaluated against those of iso-Octane and iso-Decane (Figure 13). [bookmark: _Ref35843822][bookmark: _Toc35844004]Figure 13 – Alternative Fuel Blend; CO2 Produced After Balancing LHV (Left), LHV Values Of Fuels When Balanced (Right)

After balancing the LHV of the fuel mixture, it can be seen that CO2 produced is only slightly less than the pure iso-Octane fuel. Because of the reduction in mass, the net enthalpy of the reaction is divided by a smaller number, which mathematically, increases the CO2 production. The original LHV is only slightly less than that of iso-Octane, showing an almost identical difference in emissions.
Another fuel commonly used to reduce harmful emissions is E10, a fuel that comprises of 10% Ethanol and 90% iso-Octane, the same comparison was applied as done previously. [bookmark: _Ref35843839][bookmark: _Toc35844005]Figure 14 – Iso-Octane Methanol Fuel Blend – CO2 Produced; Per 1kg Of Fuel (Left), After LHV Balanced (Right) 

As a standard blend, it produces 1/3 less CO2 than pump fuel per 1kg of fuel, but once the LHV’s were balanced, the blend switched and produced more CO2 than comparative fuels. This implies that even with 10% Ethanol in the mixture, the fuel density is less than pure iso-Octane, so the less fuel mass being combusted to match, the more pollutants are emitted (Figure 14).


2.3.2. [bookmark: _Toc35844035]KERS Implementation

An investigation into the integration of a Kinetic Energy Recovery System (KERS) was undertaken. Because the Volvo had been selected for this drive cycle, it was felt appropriate to also investigate the possibility of implementing Volvo’s own KERS device that was discontinued after 2015, into the vehicle conducting this drive cycle (Volvo, 2011).[bookmark: _Ref35843862][bookmark: _Toc35844006]Figure 15 – Volvo Flybrid KERS Components (Howard, 2013)

Information was ascertained about the Volvo Flybrid KERS to be inputted into basic equations to determine the possibility of this system. The carbon flywheel used has a mass of 6kg, an outer diameter of 200mm and a maximum angular speed of 60,000 RPM, converted into radians/second (rad/s). With this information, it was possible to determine the moment of inertia and the maximum kinetic energy that could be stored within the flywheel. The only missing information was the inner diameter of the flywheel for the moment of inertia, when examining a picture of this flywheel, it was assumed as 160mm (Figure 15).


2‑19

2‑20
According to (Pipitone, et al., 2019), most KERS applications can recover up to 70% of the recoverable energy it is subjected to. To estimate the maximum energy that could be recovered, all energy equations were multiplied by ‘0.7’. The Volvo KERS device, with help from the ICE, can accelerate the vehicle from standstill to 100kmh in 5.5 seconds, during this time the flywheel dissipates the entirety of its energy and speed.

2‑21
Using the basic math shown above, the maximum kinetic energy that the flywheel can store is 213,183.46 Joules or 213 kJ, based on the vehicle and driver having a mass of 1508 kg, not accounting for loss of fuel. Throughout the entire 60km journey, the vehicle has a gross and net kinetic energy, the gross being the total throughout the trip and the net energy being the sum of the energy minus losses (Figure 16 – Left).[bookmark: _Ref35843877][bookmark: _Toc35844007]Figure 16 – Kinetic Energy Of The KERS Flywheel Depending On RPM (Left), Altitude Points Taken To Distinguish Ascent / Decent Along Journey (Right)

By using the altitude graph vs frame number graph (Figure 16 – Right), it was possible to attain the peaks at which the vehicle ascended and descended several gradients throughout the route. The frame number was selected as the x-axis as it directly corresponded to the row number, allowing for easier extraction of the values required.


Using equation 2‑21 it was possible to calculate the kinetic energy generated according to the velocity within these sections. Because this commute is a two-way venture, it can be assumed that the kinetic energy gained from downhill in one way, was then lost uphill going back the other way, therefore, it can also be assumed that the net energy is zero on the two-way trip. The following information was equated:
The Gross Energy = 11.566.806.814.81 J or 11.6 GJ 
The Net Energy = Zero
The gross energy can be equated by totalling the up and downhill energy from both trips. It was hoped that there would be a channel within the data exported for either the braking force applied or an indication that the brakes were being applied, it is therefore hard to exactly determine within the acceleration channel if deceleration is down to the driver removing their foot from the throttle, so engine braking is occurring, or whether the driver is applying the brakes. 
When examining the acceleration data, it was noticed that there was a consistent decrease of ‘-0.2278’ throughout the commute, this would be used as a base for separating engine braking from actual braking, if this number was exceeded, it would be assumed that the driver was using the brakes of the vehicle to slow down.
This led to the total kinetic energy recoverable while braking as 34,308,861.73J or 34.3 MJ one way, this means that the KERS flywheel has the capability to charge a total of 160.94 times and then be adequately discharged over the whole 60km journey to and from work, provided a sufficient electric motor was used to overcome resistive forces. The Volvo exhibited a maximum power produced by resistive forces of 19.19 kW, since it can be assumed you would need at least twice this amount to propel the vehicle, a 50 kW electric motor would be implemented to deliver the power to the wheels. Unfortunately, this math doesn’t consider other efficiencies within the vehicle and the environment the vehicle is subjected to in real life within the equations, but this could be investigated further for proof of concept.
Should KERS be implemented onto a vehicle, the strain exerted onto a standard Internal Combustion Engine (ICE) during stop-start procedures, eliminating the ‘idle’ phase of an engine’s cycle where the engine is least efficient.
Health and safety would need to be considered in this product. Not many of the public like the idea of a disc shaped object spinning ten times faster than an angle grinder, escaping its confines and entering the cabin. At 60,000 RPM, a carbon flywheel could be contained correctly, should anything go wrong, depending on the shape of the flywheel itself. The method of containment could be to shatter or lodge the flywheel upon contact, due to the shape or material of the casing. This would prevent any bad publicity and a new “Final Destination” saga.

2.4. [bookmark: _Toc35844036]Task 4

There is much debate about what is an economically viable vehicle. It varies from person to person, depending on the journey most commonly undertaken by the driver, if the vehicle drives mostly within city traffic, stop-start functionality may prove more beneficial than when being driven on the motorway, purely due to the time spent stationary. 
Internal combustion engines (ICE) are currently only 30% efficient at harnessing the potential energy of the fuel into useable power, due to losses such as friction and heat (Randerson, 2008). Technologies such as; laser ignition, pre-ignition chambers or inducing tumble flow within the air/fuel mixture, have been implemented to increase this efficiency, but due to the physical limitation of dispersing the heat within the cylinder to ensure the metal internals of the engine do not melt from the excessive temperatures (Rowe, 2020), or the excessive cost of the research & development, these systems are usually limited to high-end motorsport applications (Scarborough, 2018). Applying these systems to road fairing vehicles would drastically improve performance of the ICE, but the costs and limitations by the laws of thermodynamics, may outweigh the benefits.
Should a vehicle be designed specifically for the 60km daily commute, the best specification would be for an engine capable of using a E85 fuel blend to reduce CO2 and hopefully NOx emissions. If the engine can run cool enough to prevent molecular disassociation of both the fuel and the air molecules, although an EGR can be integrated to prevent NOX formation. As discovered previously, it can be beneficial to utilise a blended fuel mixture to reduce greenhouse gasses emitted from an ICE, the downside is that not every usable fuel is either sustainable, renewable or provides the same ‘bang for your buck’ that gasoline or diesel already provide. 
The Lower Heating Value (LHV) was previously matched for different chemical substances showed pure Methane, Methanol and Hydrogen were the least CO2 emitting fuels. Hydrogen would be the obvious choice to use as it contains three times as much energy then Petrol (Office Of Energy Efficiency & Renewable Energy, 2020), many companies are doing so, but the infrastructure to collect, transport and supply Hydrogen as easily as Petrol is currently, has not been made widely available. Containing Hydrogen in either a compressed gas or cryogenic liquid form below its boiling point of -252.8°C can be costly and difficult, currently this process requires more energy than it provides, so it can be debatable how worthwhile the process is (Amos, 1998). Ethanol is generally mixed with Petrol in the real world, due to a higher-octane rating than that of Petrol, alcoholic based fuels help to lower the flame temperature within the cylinders, produce less emissions and increase volumetric efficiency due to a cooler intake. (Club Technical, 2019)
The method of alternative power source can be scrutinised in many ways; cost, emissions, energy content or method of containment (US Department Of Energy, 2020). Emissions are a huge factor within current automotive regulations, thanks to the NEDC and WLTP (European Commision, 2010), and to consumers as CO2 emissions dictate how much road tax they are charged each year (RAC, 2018). Although renewable energies can be found too expensive to be integrated into road fairing vehicles, they could be instrumental in creating a cleaner environment and reduce humanity’s dependency on fossil fuels.
The ideal vehicle would have a KERS system implemented to enhance the fuel economy, reduce the strain and therefore, emissions from the engine, after recovering enough energy while braking. The ability to propel a vehicle from stationary, combined with stop-start technology, would reduce the idle phase of the engine, where it is least efficient (Go Green Wilmette, 2006), starting the engine again while being propelled forward by the KERS flywheel. 
A hybrid vehicle could be designed to incorporate both an electric motor and an internal combustion engine. Although potentially costly to apply into every model, if used in tandem with a KERS application, it could convert the kinetic energy recovered into electricity to charge the batteries, prolonging the charge available and the distance the vehicle is able to travel until the batteries had depleted. 
It has been previously calculated that the Volvo Flybrid KERS system has the potential to charge and discharge 160 times over the 60km drive cycle analysed within this report. Should this all of this energy be recovered, it would be sufficient to ensure maximum efficiency, reducing both the amount of times an external power source is required to charge the batteries (Un-Noor, et al., 2017) and the strain endured by the infrastructure of the national electric grid, should a large quantity of hybrids/electric vehicle be recharging at the same time, potentially overnight (Hadley, 2006). 
To conclude, if a Technical Director had the ability to design and create the perfect vehicle for this 60km drive cycle, it would be a hybrid vehicle with a mid-sized engine capable of combusting a fuel blend to produce as little harmful emissions as possible to meet worldwide regulations. The vehicle would take advantage of KERS to harness otherwise wasted heat energy through the braking components and, should a viable method of converting that kinetic energy from the flywheel or hydraulic system into electrical energy, the batteries could be charged while the vehicle is decelerating. If the vehicle was intended for city use, stop-start functionality would be highly beneficial and increase the fuel economy for the vehicle, by enabling acceleration from stationary without the ICE being operational until an appropriate velocity or energy left within the flywheel had occurred.
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