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[bookmark: _Toc35257862]Abstract
In this report data gathered from real world driving conditions of 3 vehicles is compiled, compared, and contrasted to construct a drive cycle for the specific journey taken. One vehicle is then selected to be optimised through analysis of efficiency-increasing technologies for this drive cycle and assessed as if by a company technical director for political, social, technological and economic viability.
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[bookmark: _Toc35257863]Introduction
The purpose of this assignment is to take the 3 sets of data provided to us and analyse it in order to assess the validity of any calculated data channels and compare the 3 vehicles used, these are a 2016 Toyota Aygo 1.0 VVT-i X-Pression 5 door hatchback, a 2011 Triumph Tiger 800 XC, and a 2016 Volvo V40 Cross-Country D2. Within the initial “Raw” data there is provided GPS information, this should then be used to create a drive cycle and one vehicle should be optimised to complete for the round trip from start to finish and back again. The optimised vehicle can then be assessed on its economic and political viability as if by a company technical director for production by 2028.


[bookmark: _Toc35257864]Part 1 - Data compilation and processing.
Taking the data from an initial CSV format it must first be transferred to a usable format such as excel. The data can then be carefully checked or “filtered” in order to remove any redundant or unusable channels. The first step is to remove any channels that did not provide any useful information, such as channels with constant values, these can be taken out of the data and put into a separate table. Other unusable channels such as ones with a constant value of N/A are removed entirely as they provide no information at all. The second “filtering” step is to remove any timestamp channels, repeated channels using non-SI units, and other channels that do not provide useful information such as accuracy channels which remain constant throughout the entire cycle. The final step is to split channels with multiple comma separated values into their own individual sections, then placing the most appropriate section in the place of the grouped channel. This is chosen by selecting the average value channel, the remaining sections are kept in separate tables to be referred back to at a later time if necessary. The remaining table can now be analysed, and the required information extracted.
The data used was collected using a “DashCommand” system, this system consists of a small dongle plugged into the OBD2 port of each vehicle which then sends information via Bluetooth to an application on the user’s mobile phone. The software makes attempts at calculating various different aspects that the user may find useful though the accuracy of these calculation may not be up to standard. This is because the information the application  requests when setting up each vehicle is not relevant to channels it is trying to calculate. For example, the system attempts to calculate the power, torque, and cylinder pressure produced by the engine without first asking for the bore, stroke, number of cylinders, or even the compression ratio. While it is possible that the system can gather this information from the vehicle itself, it still calls into question the validity of the results. 
In order to calculate pressure without a pressure sensor, the displacement and volume of each cylinder must be calculated first. The displacement is found using the equation;

Conrod length can be found in most vehicle handbooks, the crank radius is then found by subtracting the conrod length from the engine stroke. The displacement is then used to calculate the volume of the cylinder at any given time. The clearance volume must also be known before this can be done; clearance volume can also be found in most vehicle handbooks.

The final unknown before pressure can be calculated is the polytropic index, this is found by taking the gradients of two straight sections of the graph produced when the logs of pressure and volume are plotted against one another. A similar engine can be used to provide a good estimate of this value.

[bookmark: _Toc35257835]Graph 1 Log PV diagram
Finally, once this has been found, the pressure can be calculated.

(P.L.DHAR, 2017). 
Once the pressure for each cylinder has been calculated it is possible through a series of other calculations to find the torque and power produced by each cylinder and, by extension, the whole engine. As power is dependent on torque and RPM and torque is a measure of force over distance, it is vital to have accurate pressure calculations in order to have accurate torque and power calculations. (inc, 2011)


[bookmark: _Toc35257865]Part 2 - Data analysis
From the data provided it is possible to gather some key information from each vehicle for the trip they have undertaken. This information has been split into 3 categories, trip information, vehicle information, and vehicle economy. This is done as a method of comparing the 3 vehicles side by side for key aspects of each section. 
[bookmark: _Toc35257866]Trip information
	Trip information

	Factor
	Toyota
	Triumph
	Volvo
	Units

	Max Altitude
	222
	219
	221
	M

	Min Altitude
	5
	5
	6
	M

	Max Speed
	113
	117
	121
	KM/H

	Min Speed
	0
	0
	0
	KM/H

	Average Speed
	58.937
	50.343
	57.757
	KM/H

	Trip Distance
	30.923
	31.240
	30.687
	KM

	Trip Distance (straight)
	20.62
	20.62
	20.62
	KM

	 Total Gradient
	0.01052
	0.01038
	0.01043
	Degrees

	Trip Duration
	31:43.7
	37:08.6
	32:30.1
	m:s.ms


[bookmark: _Toc35257848]Table 1 Trip information
The GPS trip information gathered allows for both a table of values at key points, in addition to graphical representation including the route taken plotted from the GPS data of longitude and latitude, as well as the altitude of the road the vehicle is currently on, the vehicle speed can also be graphed. These 3 graphs provide a visual representation for the trip.

[bookmark: _Toc35257836]Graph 2 Route plotted with GPS co-ordinates

[bookmark: _Toc35257837]Graph 3 Altitude plotted against frame rate
When the two graphs are combined it is possible to create a 3-dimensional representation of the route taken.
[image: ]
[bookmark: _Toc35257838]Graph 4 Trace of route taken
The speed at which each vehicle has taken the journey is also plotted against the frame each reading was captured at. Frames are used as they advance in a uniform fashion. The time taken per frame varies, this makes it harder to align each data point for the vehicles.
 
[bookmark: _Toc35257839]Graph 5 Vehicle speed vs frame
From this data it is possible to see that the motorcycle has the lowest average speed which is reflected by it taking 5:24.9 M:S:ms longer than the Toyota and 4:37.6 M:S:ms longer than the Volvo to complete an almost identical journey. The journey is not identical due to the motorcycle being stored at the rear of the property at the start of the journey and needing to be manually moved to the front before setting off. Although over the course of the trip the motorcycle has the lowest average speed at 50.343 KM/h, compared to 57.757 KM/h for the Volvo and 58.937 KM/h for the Toyota. This shows that overall the Toyota was able to complete the journey at the highest average speed and therefore in the shortest time.
When the start and end points of the route are used in the haversine formula,
  
 
	d = R ⋅ c

	


Where , , and R = The radius of the earth.
the straight-line distance between the two points is calculated using the Pythagorean theory at 20.62 Km. (Veness, 2020) The gradient is then calculated using basic the trigonometric function for the tangent at 0.01 degrees.
[bookmark: _Toc35257867]Vehicle information
	Toyota Aygo

	Engine type
	1.0 litre VVT-i

	Engine displacement (cc)
	998

	Engine cylinders
	In-line 3

	valve mechanism
	Chain driven, double overhead cam, 12 valve

	Bore (mm)
	71

	stroke (mm)
	84

	Max power (Kw)
	51 at 6000 RPM

	Max torque (Nm)
	95 at 4300 RPM


[bookmark: _Toc35257849]Table 2 Toyota Aygo technical specifications 
	Triumph Tiger 800XC

	Engine type
	800cc four stroke

	Engine displacement (cc)
	799

	Engine cylinders
	Transverse 3

	valve mechanism
	Double overhead cam, 12 valve

	Bore (mm)
	74

	stroke (mm)
	61.9

	Max power (Kw)
	69.1 at 9300 RPM

	Max torque (Nm)
	79 at 7850 RPM


[bookmark: _Toc35257850]Table 3 Triumph Tiger technical specifications
	Volvo V40 Cross-country

	Engine type
	Turbo-diesel

	Engine displacement (cc)
	1969

	Engine cylinders
	In-line 4

	valve mechanism
	Double overhead cam, 16 valve

	Bore (mm)
	82

	stroke (mm)
	93.2

	Max power (Kw)
	88 at 3750 RPM

	Max torque (Nm)
	280 at 3750 RPM


[bookmark: _Toc35257851]Table 4 Volvo V40 Cross-country technical specifications

	Vehicle information

	Factor
	Toyota
	Triumph
	Volvo
	Units

	Max power usage
	21
	35
	87
	Kw

	Min power usage
	1
	0
	0
	Kw

	average power usage
	6.999
	11.177
	21.303
	Kw

	Max Torque
	65
	51
	335
	NM

	Min Torque
	7
	16
	0
	NM

	Average torque
	30.467
	36.416
	132.179
	NM

	Max Engine RPM
	3531
	6698
	2967
	RPM

	Min Engine RPM
	555
	0
	0
	RPM

	Average Engine RPM
	2044.945
	2838.418
	1471.029
	RPM

	Max calculated acceleration
	3.427
	3.183
	2.673
	m/s^2

	Max calculated deceleration
	-2.711
	-2.43
	-2.729
	m/s^2


[bookmark: _Toc35257852]Table 5 Vehicle trip information
The information used in the above table has been taken from actual readings given by its respective vehicle where possible in an effort to maintain accuracy for analysis, though this was not possible for Torque values on the Volvo. Where minimum power usage and RPM drop to 0 for the Motorcycle and the Volvo, this could be due to the motorcycle being manually moved, and the Volvo having stop-start technology implemented, though this is a speculative explanation for their lower values. This information shows that the Toyota and the motorcycle both use on average 45.914% (41.176% Toyota, 50.651% Motorcycle) of their peak power and 66.489% (68.421% Toyota, 64.557% Motorcycle) of their peak torque, while the information produced by the Volvo cannot be considered accurate as the data shows that it uses 98.865% of its peak power and 119.643% of its peak torque.

[bookmark: _Toc35257840]Graph 6 Power usage vs frame

[bookmark: _Toc35257841]Graph 7 Power usage vs frame without Volvo
As shown by the graphs above the Volvo has much higher peak power usage than either of the other two vehicles often more than the combined peak values, the same can be said for the torque values gathered.

[bookmark: _Toc35257842]Graph 8 Torque produced vs frame

[bookmark: _Toc35257843]Graph 9 Torque produced vs frame without Volvo
The graphs produced by the torque data show that the Motorcycle, while in motion, has a much lower range of torque values produced though the Volvo is still consistently higher than both other vehicles. This is likely due to the Volvo having a diesel engine, it is common for diesel engines to produce more torque than their petrol counterparts, this is evidenced by their use in heavy, towing, or off-road vehicles where high torque is needed to achieve peak performance. (Goyal, 2018)

[bookmark: _Toc35257844]Graph 10 Engine RPM vs frame
The graph showing RPM reflects the expected results, it shows that the motorcycle runs at higher RPM than the petrol Toyota and the diesel Volvo. This is due to motorcycle engines running at a higher RPM in order to produce a higher specific power from a smaller displacement, the inverse is true for the diesel Volvo where diesel engines run at very low RPM. (Breeze, 2019)
[bookmark: _Toc35257868]Vehicle trip economy
Each vehicle is considered standard and produce a real-world economy of 50 miles per gallon (4.704 l/100Km).
	Vehicle economy

	Factor
	Toyota
	Triumph
	Volvo
	Units

	Max fuel flow
	8.065
	13.184
	32.818
	l/h

	Min fuel flow
	0.359
	0
	0
	l/h

	average fuel flow
	2.665
	4.213
	8.161
	l/h

	Max instant fuel consumption
	233.4
	245.8
	612.7
	l/100Km

	Min instant fuel consumption
	0.7
	3.3
	2.1
	l/100Km

	Average instant fuel consumption
	5.373
	10.755
	20.237
	l/100Km

	Fuel consumed for trip
	1.422
	2.614
	4.44
	l

	Max trip fuel flow
	8.065
	4.638
	32.818
	l/h

	Min trip fuel flow
	3.498
	1.831
	5.359
	l/h

	Average trip fuel flow
	3.498
	3.811
	5.359
	l/h

	Max fuel economy
	99.2
	1065.8
	54.1
	l/100Km

	Min fuel economy
	0
	0
	0
	l/100Km

	Average fuel economy
	4.960
	21.594
	23.006
	l/100Km


[bookmark: _Toc35257853]Table 6 Vehicle economy
The fuel economy and consumption data channels show how economical each vehicle is. Measuring the fuel flow and consumption there is a clear pattern that shows the most efficient of the vehicles is the Toyota; it consumed 45.6% less fuel than the motorcycle and 67.97% less fuel than the Volvo. The Toyota also has the lowest maximum, minimum, and average instantaneous fuel consumption values which, on average, are 50.04% lower than the motorcycle and 73.45% lower than the Volvo. While the Toyota does have consistently lower levels of fuel consumption and flow, the fuel flow for the trip stands out as it does not follow the trend with the Toyota having the middle values as opposed to the lowest.

[bookmark: _Toc35257845]Graph 11 Fuel flow vs frame
The fuel flow graph reflects what is shown in the table of data produced by the OBD2 readings; the Toyota has lower fuel flow rates than either of the other two vehicles, while the Volvo is highest with peak values of more than double the next lowest.

[bookmark: _Toc35257846]Graph 12 Trip fuel flow vs frame
As stated above, the trip specific fuel flow does not follow the trend set by the other data channels. It is unknown why, though it could be due to external conditions unrelated to the car such as the ambient temperature, or there could be any number of different conditions inside the car such as air conditioning or heating. (Canada, 2018)

[bookmark: _Toc35257847]Graph 13 Fuel consumed vs frame
The most telling indication of which vehicle is the most efficient over the same journey is the amount of fuel consumed by each vehicle. The Toyota consumed significantly less fuel than either of the other vehicles for the same journey. This is despite it having a larger engine and having more mass than the motorcycle which would be expected to be the most efficient due to low mass, low displacement, and a smaller surface area. (press, 2011). This could be due to the difference in ages between the two, the motorcycle was registered in 2011, while the Toyota was registered in 2016, a gap of 5 years allows for improvement to the fuel efficiency of engines specifically in small commuter cars such as the Toyota Aygo. This may have contributed to their popularity as the 5th most popular car for new drivers in the UK in 2019 (Motorway, 2020).






[bookmark: _Toc35257869]Part 3 - Vehicle optimisation
For this section, one of the three vehicles used for this study must be selected, then optimised for a drive cycle created from the GPS data gathered during testing.
[bookmark: _Toc35257870]Drive cycle
A drive cycle is a profile created typically by plotting vehicle speed as a function of time, this represents real-world driving conditions as a series of smaller “trips” between points in the complete journey. (Zhen Dai, 2008)

[bookmark: _Toc35257854]Figure 1 Drive cycle
The route covers a range of different driving conditions; these range from rural unclassified roads to motorway driving and urban driving. The range of roads covered during this journey represents most if not all of the kinds of driving that may be commonly encountered while driving in Britain.
[bookmark: _Toc35257871]Vehicle selection
Owing to the size and lack of space available for use, the motorcycle would not be a good candidate for optimisation. The ideal candidate is the only vehicle designed as a commuter car from factory, this is the Toyota Aygo (UK, 2020). The Volvo would also make a good candidate, though Volvo are currently working on implementation of different technologies to improve efficiency. As a result this may put a damper on any creative solutions. So the optimisation that could potentially be the most successful is the Toyota.
[bookmark: _Toc35257872]Kinetic energy recovery systems 
A kinetic energy recovery system recovers energy that would have been lost under vehicle braking conditions. This energy is then stored by a variety of methods such as a flywheel, batteries, or, on rare occasions, compressed air. This recovered energy is then re-used by the vehicle for any purpose it is needed for, typically acceleration. (Sarkar, 2016)
While KERS are not currently widely available, several automotive companies are developing their own technology to release these systems to a wider audience.
Each different technology has a different degree of efficiency; flywheel-based systems require more energy to start and lose energy faster than electrical storage systems. This is due to the loss of energy caused by friction between the flywheel’s bearings and friction in the air. Batteries or capacitors are also able to store the energy re-captured for longer as they store the energy in either chemical or electrical form. (Shin, 2011). 
[bookmark: _Toc35257873]Flywheel energy storage
A flywheel based KERS such as the ones used in Formula 1 stores the flywheel under vacuum conditions and utilises electro-magnetic bearings in order to mitigate any losses from heat, friction, and windage. These systems are attached to the vehicle drivetrain via a CVT and a clutch which allows for the energy to be captured. The flywheel used in Formula 1 systems has a diameter of 0.24m and a mass of 5kg. This flywheel can spin at up to 65000 RPM. The limiting factor of how fast a flywheel can be spun is that of engine RPM. For the system implemented in a smaller car such as the Toyota, the same flywheel dimensions and mass will be used, however the rotating speed will be limited to 5 times engine speed, this will help maintain safe operating limits. (Sam, 2020)
Maximum and average speed and rpm values will be used for all calculations, final speed is assumed to be 0.
Toyota Aygo mass = 840kg (UK, 2020)
Maximum velocity = 113 Km/h (31.3889 m/s)
Average velocity = 58.937 Km/h (16.3714 m/s)
Maximum engine RPM = 3531 RPM (369.7654 rad/s) x5 = 1848.827 rad/s
Average engine RPM = 2044.945 RPM (214.1461 rad/s) x5 = 1070.7305 rad/s







Maximum kinetic energy lost from braking = 413.810 kJ
Average kinetic energy lost from braking = 112.57 kJ
Flywheel radius = 0.12m
Flywheel mass = 5kg

Where J = moment of inertia, and = Flywheel energy.  (Mansour, 2019)









Maximum Flywheel energy = 61.527 kJ
Average Flywheel energy = 30.6363 kJ
Maximum energy recovered = 14.868%
Average energy recovered = 27.215%
[bookmark: _Toc35257874]Inductive regenerative braking
Inductive regenerative braking uses the wheels of the car as induction generators; this re-captures energy in the same way any generator would generate energy. As most of the braking in a car is done by the front brakes this system would have to be front biased in order to recover the maximum possible energy. (Ashby, 2012). There must first be a storage system in place; the batteries in a standard hybrid car can weigh from 100-600kg and contain 5-27kWh. As the Toyota Aygo is classed as a city car, which is designed to be small and manoeuvrable in a tight urban environment and the desired battery mass is 100-200kg, giving a mid-point of 150kg. (Ching-shin (Norman) Shiau, 2009)
[image: ]
[bookmark: _Toc35257855]Figure 2 Energus Samsung battery specification sheet  
(Energus, 2020)
As the maximum battery weight is now known, it is possible to calculate the maximum number of cells available to use. Using the 2x10p blocks 100 can be used with a total mass of 103kg allowing 47kg for any additional components and wiring to make the battery pack operational. This will have a total volume of 0.05277 m^3 or 52.77 litres. The batteries are rated at 341 wh/l giving a total energy storage of 17.9946 kwh when fully charged. Each battery has a capacitance of 0.2F and a nominal voltage of 4.2v. With the cells split evenly and wired in parallel and series the total capacitance is 10F and the nominal voltage is 210v. (Energus, 2020)
Maximum velocity = 113 Km/h (31.3889 m/s) (v)
Average velocity = 58.937 Km/h (16.3714 m/s) (v)
Maximum kinetic energy lost from braking = 413.810 kJ
Average kinetic energy lost from braking = 112.57 kJ







From these calculations it is apparent that to achieve an acceptable percentage of energy recovery from braking, the addition of capacitors is needed. A combination of energy-dense batteries and supercapacitors will allow for more energy to be captured during braking due to a higher capacitance. Capacitors are added as a way of increasing the ability of the energy storage system to take in the electricity generated during braking. (Andrew Burke, 2015)





With the addition of super or ultra-capacitors it is possible to recover a larger percentage of the energy lost during braking.
[image: ]
[bookmark: _Toc35257856]Figure 3 Maxwell Ultra-capacitors specification sheet  (Technologies, 2020)
Using 2 of the ultra-capacitor modules in parallel will give the system a capacitance rating of up to 1000F, though the system will be unable to recover 100% of the energy during braking due to losses incurred from friction, heat, and noise. The system may be able to recover a maximum of 70% of the energy expended during braking. (Electrek, 2018)






[bookmark: _Toc35257875]Combined systems
If both electronic and kinetic storage systems are combined it is theoretically possible to recover up to 97.215% of the maximum energy lost during braking and up to 84.868% of the average energy lost. This energy can then be re-introduced through the same motors used as generators for the electric KERS, while the kinetic storage system can be used to accelerate the engine to an appropriate speed. This combination has the potential to mitigate much of the energy requirements and as such the fuel requirements to accelerate the vehicle from a complete stop. The electric system would also be usable to drive the car without use of the Internal combustion engine creating a hybrid vehicle. (Boretti, Kinetic energy recovery systems for racing cars, 2013)
It is also possible with the introduction of the electric motors/generators at the wheels to remove the internal combustion engine all-together leading to a completely electric vehicle.
The total increase in fuel efficiency possible by combining the two systems is up to 50%. The flywheel KERS currently in development by Volvo states that it increases fuel efficiency by up to 20% (cars, 2013) while the mechanical regenerative braking system has the capability to increase efficiency by up to 30% (Boretti, Improvements of vehicle fuel economy using mechanical regenerative braking, 2010). Assuming that the systems work at 70% efficiency it is possible to see a fuel efficiency increase of 35%, this will decrease the fuel consumption from 1.422 litres to 0.9243 litres for the trip.
[bookmark: _Toc35257876]Additional energy recovery methods
As the vehicle needs to be optimised for a specific drive cycle, there is a decrease in altitude between the start and finish points, meaning that there is a change in gravitational potential energy. The change can be expressed as “”.




While there is a large amount of energy change over the course of the journey, as shown by the altitude graph, it is over a sustained distance. This energy is likely to be recovered through the previously discussed regenerative braking systems.
An alternative to electrical and kinetic energy storage was tested by the Peugeot Citroen group making use of a hydraulic motor and compressed air to store energy and re-use it when needed. This was done through the addition of a large air reservoir under the car which would be filled and compressed under braking, then releasing the energy back into the drivetrain to aid in acceleration. This system boasted a 45% decrease in urban fuel consumption and 35% when considering other driving situations. (Groupe, 2016)
[bookmark: _Toc35257877]Hybrid Technology
Hybrid vehicles typically employ a combination of an internal combustion engine and an additional electrical drive system. 
[bookmark: _Toc35257878]Types of hybrid
There are three types of hybrid systems currently in use in the automotive industry, these are “Parallel”, “Range extended or series”, and “Plug-in”. These are divided again into two further categories determined by their range when using battery power only, these are called “mild” and “strong”. Mild hybrids have a short battery range while strong has a far longer range. The type of hybrid that is selected to be used in motorcycles must be considered carefully, this is because of a series of limiting factors that dictate the components used. Implementing a hybrid system in a car does not have many of the limiting factors present in motorcycles. There is severely limited space available to fit all of the additional parts needed in a motorcycle as opposed to the entire floor space of a car which can be filled with these parts, and more complex systems can be used. Cars can also operate at a much greater mass than motorcycles as these must be kept relatively light to maintain on-road and manual handling manoeuvrability. (Whatcar, 2019)
[bookmark: _Toc35257879]Parallel hybrid
[image: ]
[bookmark: _Toc35257857]Figure 4 Parallel hybrid drive system
A parallel hybrid drive system can be driven purely by either the internal combustion engine, the electric motor from the on-board batteries, or by using both in tandem. This system is the most widely used currently. Arguably the most famous hybrid car on the market, currently the Toyota Prius, has used this system in the past. This type of system is highly efficient in urban environments, which may explain its popularity amongst car manufacturers, with cars such as the previously mentioned Prius not engaging the internal combustion engine until 15 miles per hour. They also have a battery only range of 1.25 miles, this would classify it as a mild hybrid. These hybrids also typically have energy re-capturing technology incorporated into them, such as regenerative braking, which will store the energy wasted during braking in the batteries, ready to be used to power the electric motor. (Gupta, 2014)
[bookmark: _Toc35257880]Series hybrid
[image: ]
[bookmark: _Toc35257858]Figure 5 Series hybrid drive system (Donatelo, 2017)
A series hybrid system does not use its internal combustion engine for anything except energy generation, all of the driving force for the vehicle comes from the electric motor. This type of hybrid system is also commonly referred to as a range extender hybrid and is used in cars such as the BMW I3. The battery range of cars such as the BMW is advertised at up to 193 miles classifying it as a strong hybrid. (BMW, 2019) Much the same as the parallel hybrid, these cars also make use of energy capture through regenerative braking and other means. (Soma', 2017)
[bookmark: _Toc35257881]Plug in hybrid
A plug-in hybrid vehicle is simply either a parallel or series hybrid with additional batteries and the ability to use an external source to charge the onboard batteries. This type of hybrid is essentially a half-way point between a standard hybrid and a fully electric vehicle. They are classified as strong hybrids and have a greater battery-only range than series hybrids. Although as technology develops the gap between series and plug-in hybrids is shrinking, as illustrated by the popular example of a plug-in hybrid, the new model Toyota Prius, only having an advertised “EV” range of 25 miles. (Toyota, 2019) (Maxime Dubois, 2015)
[bookmark: _Toc35257882]Electric vehicles
Electric vehicles, much like hybrids, utilise electronic drive systems, however a fully electric vehicle does away with the internal combustion engine all-together, instead relying entirely on electricity. The most famous manufacturer of electric vehicles currently in operation is Tesla. Unlike traditional internal combustion and hybrid cars which still release emissions through the burning of fossil fuels, electric vehicles do not produce any emissions as they do not burn fossil fuel to generate the power they require. (Kia, 2020). Though electric vehicles have advanced rapidly over the last 5-10 years they have not been widely adopted due to several factors. Consumers may be put off buying a fully electric vehicle as the price for most is still prohibitively high and there is a lack of infrastructure in place to make one viable for people who live in remote areas. There are also technical issues with electric vehicles; the current electrical grid in the UK does not have the capacity to handle the increased load produced, and battery technology is not yet at the point where it can compete with the energy density of fossil fuels. Due to these restrictions electric vehicles have yet to reach the widespread popularity of their hybrid counterparts. (Zachary Omariba, 2018)
[image: ]
[bookmark: _Toc35257859]Figure 6 Energy density chart (Asel Sartbaeva, 2008)
[bookmark: _Toc35257883]Stop-start technology
Stop-start technology automatically shuts off the vehicles engine when the vehicle comes to a stop and restarts it when it sets off again, this reduces the time the engine is running under no load or idling, for example at traffic lights. This will reduce the amount of fuel being used by the engine and therefore reduce total emissions while driving. (Haynes, 2020)
Implementation of stop-start technology can have an average increase in fuel economy of 5-8% (Matsuura M, 2004)
With this increase in fuel efficiency the total fuel used for the trip will drop from 1.422 litres to 1.3297 litres. Combined with the KERS the total fuel consumption for the trip would then be 0.892 litres. Showing a total fuel efficiency increase of 37.2714%.
[bookmark: _Toc35257884]Alternative fuels
There are several forms of alternative fuels currently available; these include biodiesel and bioethanol, as well as gas fuels such as liquified petroleum gas (LPG), and hydrogen fuel cells. All these fuels except LPG can be considered renewable as the main components in their manufacture can be farmed or generated. (Raji Gunasekera, 2020)
Alternative fuels such as the alcohol blends of ethanol and methanol are currently in use in places such as Australia and California under the name E85, which is a blend of 85% bioethanol and 15% standard petroleum. E85 has become popular in recent years due to its high-octane rating and the perception of lower emissions. Numerous studies have attempted to compare the emissions from standard petrol engines to engines running the E85 blend and only a very slight or no difference was found between the two. (Uarporn Nopmongcol, 2011). Fuels like this have yet to gain mainstream use in the UK due to the inaccessibility of the fuel; there are currently few or no places where the fuel is commercially available at petrol stations, with the only source being ordering from online sources. (AA, 2019). LPG is more widely available in the UK, though it has not had the same popularity as E85 where it has been released. This is due to a low energy density with much more space being needed for fuel storage in a car which then has a very limited range. LPG is seen as a cleaner alternative to standard petroleum, giving lower emissions, though its efficiency is much lower. (Chunhua Zhang, 2005).
Hydrogen fuel cells convert chemical potential energy into electrical energy using a proton exchange membrane to combine hydrogen and oxygen into water, with the only by-products being heat and electricity. To generate electricity, pressurised hydrogen is pumped into the anode side of the cell which is then forced through a catalyst (platinum) which separates the two hydrogen atoms into single positively-charged hydrogen ions and negatively-charged electrons. The electrons are then taken away and used, while on the other side of the cell a similar process is happening with 02 gas. This is forced through the same catalyst to form two strongly negatively-charged oxygen ions, these attract the positively-charged hydrogen atoms to form water, which is then removed or recycled. (Seong Kon Lee, 2011)
[image: ]
[bookmark: _Toc35257860]Figure 7 Proton exchange membrane hydrogen fuel cell (O.K. Simya, 2018)
While hydrogen fuel cells provide a promising glimpse of what could potentially be the future of automotive fuels, the technology is not currently ready for implementation.

[bookmark: _Toc35257885]Optimisation
In order to optimise the Toyota Aygo for a 30km drive-cycle covering many types of roads the improvements made must be versatile. The addition of both the flywheel and inductive braking KERS, as well as the introduction of stop-start technology, leads to an initial decrease in fuel consumption by 37%. A good addition to this would be utilising the previously designed battery pack as a series plug in hybrid electric vehicle as this would provide the needed infrastructure for electric recovery systems while maintaining the ability to utilise mechanical recovery systems. 
With the implementation of a hybrid drivetrain and the appropriate control mechanisms, the vehicle would be able to switch between which power source is best for peak efficiency in its current situation. For example, electric acceleration from a stop, or internal combustion for maintained uniform load driving on motorways. Hybrid vehicles produce from 20-35% fewer emissions than standard internal combustion vehicles, as well as the same increase in efficiency. (Phys, 2006). If computerised drivetrain optimisation is also implemented, an additional increase of 10-15% fuel efficiency can be achieved. (Jiarong Shangguan, 2019) Using the mid-point, a final fuel efficiency increase to 50% can be made, this brings the final fuel consumed for the trip to 0.711 litres
[bookmark: _Toc35257886]Vehicle specification for 2028 production schedule
For the vehicle to be eligible for production by 2028 certain criteria have to be met; these are to achieve the Euro 6d regulations, maintain competitive performance with vehicles in the same or similar classes, maintain a battery-only life of 48.28km (30 miles) while being used in an urban environment, regenerate or capture at least 70% of energy that would be lost in stop-start traffic and when braking, and provide a noticeable increase in fuel economy across all areas.
[image: ]
[bookmark: _Toc35257861]Figure 8 Euro regulation specifications (Dieselnet, 2019)
[bookmark: _Toc35257887]Political restrictions
In the current political climate diesel engines have lost much of their popularity due to controversy over their emissions. As such, production of a new diesel vehicle would be ill-advised. (VW Emissions scandal 2015)
In February of 2020 the prime minister of the UK announced plans to ban the sale of all new petrol and hybrid cars by 2035; this has been done as stated by the prime minister “to provide a boost to electric vehicles”. As this vehicle is planned for release by 2028, close monitoring of this situation will be required, though it seems an ill-advised one; it is unlikely that the required developments to battery technology and increased capability of the national grid will be completed in time to enact this change.
[bookmark: _Toc35257888]Technological restrictions
At present battery technology is not capable of delivering the required performance or energy density to be viable in a mass production fully-electric vehicle. However, in combination with an internal combustion engine, the vehicle may be viable. The option to use alternative fuels if or when they become widely available within the UK is advised. The implementation of hydrogen fuel cells would also be highly advantageous when the technology becomes viable for use in a vehicle.
[bookmark: _Toc35257889]Economic restrictions
Due to the cost of batteries and their limited life-cycle they have become the chief economic restriction placed upon the development of hybrid and electric vehicles. As the cost to develop and manufacture these components decreases, the speed at which they are adopted will increase.
[bookmark: _Toc35257890]Design specification
· [bookmark: _GoBack]Implement both kinetic and electric storage KERS.
· Introduce the vehicle as a plug-in hybrid vehicle with dynamic computerised drive optimisation.
· Include the option for the use of alternative fuels as and when they become available.
· Highlight the 50% calculated decrease in overall fuel consumption.
· Meet all current and known future emissions restrictions.
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Trip fuel flow
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Fuel flow (l/100Km)




Fuel consumed for trip
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Fuel consumed (l)




Drive cycle
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Speed (Km/h)




Log P vs Log V

compression	
2.953742064200219	2.9537239540511586	2.9536696152618975	2.9535790228046186	2.9534521349610463	2.9532888933146006	2.9530892227394507	2.952853031386526	2.952580210666528	2.9522706352300183	2.9519241629446715	2.9515406348697741	2.9511198752280876	2.9506616913751946	2.950165873766454	2.9496321959217173	2.9490604143879575	2.9484502686999852	2.9478014813394267	2.9471137576921618	2.9463867860044246	2.9456202373377827	2.9448137655232216	2.9439670071145727	2.9430795813415358	2.9421510900625476	2.9411811177177731	2.9401692312824892	2.93911498022115	2.9380178964424286	2.9368774942555307	2.9356932703280929	2.9344647036459732	2.9331912554752555	2.9318723693267876	2.9305074709235708	2.9290959681713389	2.9276372511326372	2.9261306920047394	2.9245756451017151	2.9229714468409735	2.9213174157345914	2.9196128523857396	2.9178570394905017	2.9160492418453754	2.9141887063607421	2.9122746620805602	2.9103063202085417	2.9082828741410491	2.9062034995069239	2.9040673542144577	2.9018735785056773	2.8996212950181111	2.8973096088541661	2.8949376076582425	2.8925043617016613	2.8900089239754858	2.8874503302912697	2.8848275993897623	2.8821397330575489	2.8793857162516181	2.8765645172317948	2.8736750877009749	2.8707163629530776	2.8676872620286136	2.8645866878777606	2.8614135275308303	2.8581666522760036	2.8548449178442228	2.851447164601133	2.8479722177459892	2.8444188875174583	2.8407859694062938	2.8370722443748977	2.8332764790838376	2.8293974261254631	2.8254338242648296	2.821384398688263	2.8172478612599656	2.8130229107872444	2.8087082332950399	2.804302502310636	2.7998043791596094	2.7952125132742789	2.7905255425161712	2.7857420935142723	2.7808607820211337	2.7758802132892284	2.7707989824703101	2.7656156750409324	2.7603288672577193	2.7549371266464586	2.7494390125296206	2.7438330765974825	2.7381178635286689	2.7322919116666182	2.7263537537592364	2.7203019177698273	2.7141349277683013	2.7078513049126314	2.7014495685316322	2.6949282373212857	2.6882858306681388	2.6815208701146918	2.6746318809832288	2.6676173941762169	2.6604759481732003	2.6532060912461413	2.6458063839172845	2.6382754016860304	2.6306117380538527	2.6228140078791222	2.6148808510967587	2.6068109368409806	2.598602968013032	2.5902556863397344	2.5817678779729802	2.5731383796849348	2.5643660857187345	2.5554499553599035	2.5463890212995564	2.5371823988667366	2.5278292962139859	2.5183290255474122	2.5086810155001693	2.4988848247563182	2.4889401570405303	2.478846877597888	2.4686050312971992	2.4582148625004683	2.4476768368505777	2.4369916651383701	2.4261603294191909	2.4151841115570556	2.4040646243816988	2.392803845649274	2.3814041550008374	2.3698683741132385	2.358199810233764	2.3464023032817498	2.334480276686127	2.3224387921060257	2.3102836081502995	2.2980212431691855	2.2856590421348963	2.273205247555266	2.2606690742725313	2.2480607878851622	2.2353917863906965	2.222674684478827	2.2099233997031429	2.1971532395242042	2.1843809879439919	2.1716249901412099	2.158905233169135	2.1462434203958836	2.1336630369570346	2.121189403062834	2.1088497115714033	2.0966730458261811	2.0846903733872115	2.0729345109954833	2.0614400559378567	2.050243278973344	2.0393819741899546	2.0288952616362357	2.0188233393609343	2.0092071826367786	2.0000881896627365	1.991507774932423	1.983506913692215	1.9761256434209586	1.9694025309327656	1.9633741163828664	1.9580743479564304	1.9535340231312424	1.949780253911672	1.9468359741360293	1.9447195067080385	1.9434442073088691	1.9430181988084458	0	5.9724466002954724E-3	1.1951142610912546E-2	1.6993444724993201E-2	2.082971777982922E-2	2.5004110941077941E-2	2.8854650663627249E-2	2.9474196260220818E-2	3.0098891224021436E-2	3.0404796289623934E-2	3.4181173412527473E-2	3.6635508436791489E-2	3.6327633905083929E-2	3.6327633905083929E-2	3.601626725492791E-2	3.5091664904973653E-2	3.5091664904973653E-2	3.7575622542047556E-2	3.9105585915149468E-2	3.7587894215137863E-2	3.448200678181125E-2	3.3862393970798592E-2	3.3239127973244569E-2	3.3864885831370657E-2	3.2931635084095079E-2	3.2618792217361081E-2	3.4791606842775546E-2	3.791350273737263E-2	4.3745853404219118E-2	5.0060201066603256E-2	5.8119104772984986E-2	6.5400393197085072E-2	7.3642561909604082E-2	8.15172439137892E-2	8.8387784492551955E-2	9.40835320054908E-2	9.8352530059878665E-2	0.1012695120617198	0.10601032019500306	0.11277707290481019	0.11966008417320895	0.12594382243777461	0.13113004214808632	0.13408731399035179	0.13725752038365666	0.13895858866301616	0.13992495772841607	0.13943831710860555	0.13846549764879357	0.13846549764879357	0.13797802840859116	0.13650153957475247	0.13723880282308534	0.13649989349709554	0.13600545552731072	0.13550938588761002	0.13575797675259829	0.13700082471095792	0.14316722682624342	0.15162034332095414	0.15496950787957142	0.1604180850510562	0.15663108915292803	0.16136440238339669	0.16906018702072925	0.17390264102307465	0.18293968573439104	0.18828677442974834	0.19138520043603827	0.19182443029585369	0.19687613829057979	0.20398969020248586	0.20975429238038387	0.21728536444674321	0.22390205753691209	0.22899243909029482	0.22471163151089688	0.22757602289896708	0.24063767276510048	0.25292578240961988	0.26261940800907979	0.27172854223140619	0.27958688169996032	0.28587596604500098	0.29066287630425447	0.29713199079444702	0.30559094228709899	0.31320350281379122	0.32118629938842058	0.32773286368385424	0.33304805796729242	0.33688565546580712	0.34132110065924542	0.34666064332670127	0.35300927555549771	0.36122225360402149	0.36884825518274533	0.37605816879612758	0.38372912113377322	0.39166957631902166	0.40183245668107209	0.41124478224118166	0.42042365297233336	0.42906173836181682	0.43789848751420984	0.44740848339960654	0.45807667986789252	0.46872406435304348	0.47934165305549914	0.48823234776726376	0.49728990935556427	0.50679669079626644	0.51750919089330261	0.52834935043636932	0.53932423098851789	0.54975701046183811	0.56098709691658533	0.57269416144276286	0.58416242301989396	0.59472197861104892	0.6043402416127952	0.61400042533255306	0.62537226179823058	0.63812347781632084	0.65165055736793576	0.66394843204691489	0.67634898314808867	0.68865293739093569	0.7015412540065763	0.71548900027557572	0.72982117505550637	0.74427151388367407	0.75882241724187205	0.77364840877320784	0.78821383194437278	0.80233811185371084	0.81642128798277058	0.83126057841130163	0.84493215322100779	0.85915207064743382	0.87494746878744667	0.88987689696305128	0.9048133226222006	0.92101531380632384	0.93802032317424167	0.95453433168575463	0.97222662183455477	0.9887734811544886	1.0048496085081724	1.0224334121687466	1.0397965908642393	1.0563466060847404	1.073649272907264	1.0895178649946229	1.1054700336309093	1.1226162887036433	1.1384415663207224	1.154505419176407	1.1702481651273671	1.1861889424024459	1.2016560085640142	1.2171664432063749	1.2315692500898736	1.246735206261762	1.2606721051634786	1.2751663429805835	1.2879572861993023	1.3008506945818834	1.3130263143379537	1.3254708610168799	1.3370702241536423	1.3485248387579454	1.3594007619898476	1.3712013669688017	1.3829329217235131	1.3950010846707066	1.407347209503703	1.4208986899483753	1.4348540409606065	1.4497250323913176	1.4654456262711104	expansion	
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Modular Li-ion battery Building Blocks

Cell type — SAMSUNG 18650 25R — power optimized

Configuration [ Length [Width, mm | Capacity, |Resistance, [ Constent | Weight, kg | Gravimetric Volumetric MSRP", €

() An ma current, A energy density, | energy density,

mm Whikg Whi
adp 864 |203 100 48 80 0.2 166 295 st
5p 1047 [203 125 38 100 0.27 168 305 57
6p 1230 [203 150 32 120 0.32 169 311 63
Wp 1413 [203 15 X2 40 0.37 170 316 62
x8p 1596 [203 200 24 160 0.42 [ 320 6
9 1719 [203 25 2.1 180 0.47 172 323 75
x10p 196.2 203 250 19 200 0.52 172 325 8
2ap 864.0 [387 200 24 160 0.43 168 310 7
26p 1047 [387 250 19 200 0.583 n 320 %
26p 1230 |387 3.0 6 240 0.63 172 321 )
27p 141.3 (387 350 4 280 0.73 173 332 105
26p 1596 |387 400 12 320 0.63 174 33 1
29 1719 |387 450 11 360 0.83 174 339 "7
2x10p 1962 [387 50.0 1.0 400 1.03 174 341 123
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e, BB =

Capacitance (F) 1-150 310- 350 650 - 3,400 58-500
Voltage (v DC) 23-27 27 27-285 16 - 160
ESR__ (mohm) 14-700 22-32 028-08 21-240
Leakage current (mA) 0006 - 0500 03-045 15-18 30-170
E_, (Whike) 07-47 52-59 41-74 23-40

P, (Wikg) 2,400 - 7000 9,500 - 14,000 12000- 14,000 3,600 - 6,800
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co HC HC+NOX NOx PM

Stage Date
e /km

Positive Ignition (Gasoline)

Euro 11 1992.07 2.72(3.16) - 097(1.13) - - -
Euro2 1996.01 22 - 05 - - -

Euro 3 2000.01 230 0.20 = 0.15 = =
Euro4 2005.01 1.0 0.10 - 008 - -
Euros 2009.09° 1.0 o.10¢ = 0.06 0.005¢1 =

Euro 6 2014.09 1.0 0.109 - 0.06 0.005&f 6.0x1011 €8
Compression Ignition (Diesel)

Euro 1t 1992.07 2.72(3.16) - 097(1.13) - 0.14(0.18) -

Euro 2, IDI 1996.01 1.0 - 07 - 008 -
Euro2,DI 1996.012 1.0 - 09 - 010 -

Euro 3 2000.01 0.64 = 0.56 0.50 0.05 =
Euro4 2005.01 050 - 030 025 0025 -

Euro 5a 2009.09° 0.50 e 023 0.18 0.005" °

Euro 5b 2011.09¢ 0.50 - 0.23 018 0.005" 6.0x1011
Euro 6 2014.09 0.50 - 0417 0.08 0.005" 6.0x1011

* Atthe Euro 1..4 stages, passenger vehicles > 2,500 kg were type approved s Category N vehicles,
1 Values in brackets are conformity of production (COP) limits.

. until 1999.09.30 (after that date DI engines must meet the IDI limits)

b.2011.01 for all models

.2013.01 for all models

d. and NMHC = 0.068 g/km

. applicable only to vehicles using DI engines

1.0.0045 g/km using the PMP measurement procedure

8 6.0x1012 1/km within first three years from Euro 6 effective dates.




