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1. Introduction

The objective for this assignment is to critically analyse the electric road vehicle, in relation
to its current benefits and weaknesses to modern society. | will be discussing how an
electric road vehicle is produced and commercialised, and how a revolutionary change from
internal combustion engines to electric motors in vehicle manufacturing can impact the
environment. To provide detailed analysis on a specific vehicle, | will be choosing an
electrical vehicle produced in 2019, which will be the Jaguar I-Pace. | will be using this
vehicle to compare its practicality and functionality with its petrol/diesel variant, the Jaguar
F-Pace.

2. Literature Review

(2.1)

The ideology of the electric vehicle has been around since the 15t century, but no
significant milestones had been achieved until the 2000’s (Fuller, 2018). The first modern all-
electric production vehicle was the Tesla Roadster. Tesla began development of the
Roadster at 2004, and released the Roadster to consumers in 2008 (Wikipedia, 2018). From
its release date in 2008 until its last day of production in December 2012, Tesla sold 2,450
Roadsters in 30 different countries. The vehicle was not as popular as anticipated, but it
started an evolution that other vehicle manufacturers were eager to invest in.

In comparison to the systems found a conventional road vehicle, an all-electric vehicle is
completely different. These vehicles employ systems that, before the revolution of electric
vehicles, would be used to power such things as industrial machines. | have found an image
that clearly labels the main components of an all-electric vehicle, which are:
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e Lithium-ion Battery

Lithium-ion batteries are being applicated to all-electric vehicles because of its high energy
and power densities (Hodkinson, 2001). Although it is more expensive than other available
batteries, this particular battery was used in the 2008 Tesla Roadster (Wikipedia, 2018). It is
widely used in electric vehicle industry because of its potential.

* Electric Motor

The electric motor replaces the use of the ‘internal combustion engine’ in a standard road
vehicle. The motor, which can be found in instances such as golf buggies, consists of an
arrangement of copper coils and steel laminations (Hughes, 2013). The rotor inside is
consistently rotating, which turns the shaft to deliver mechanical power (Hughes, 2013).

* Quick Charger Plug

In the availability of a quick-charging point, this plug will need to be used. As the point will
be charging the vehicle at higher rate of electricity flow, a thicker charging plug and lead is
needed. For an example, a Jaguar |-Pace can charge using 150kW of electricity, which
completes the charging process faster (Electric Vehicle Database, 2018).

+ Regular Charger Plug

This plug is to be used for home or destination charging only. Although charging the vehicle
will take longer due to the restricted flow of electricity, you are capable of charging the
vehicle with any electric power source. Even a simple 3-pin 3kW plug can be used to charge
the vehicle, adapting the same principle as charging a mobile phone,

+« On-board Charger

The on-board battery charger is a sophisticated device that enables the conversion of
alternating current (AC) flow to direct current (DC) flow. This allows the vehicle’s battery to
safely receive the AC electricity flow from the plug, and store it as DC. Without this, the
vehicle will not be able to obtain and hold charge (Williams, 2018).

+ Inverter

An inverter is used to convert electric energy from the vehicle’s battery in order to drive the
motors in the drivetrain (STMicroelectronics, 2018). As this is a key component to the
drivability of the vehicle, the correct sized inverter needs to be installed to a vehicle, in
relation to the vehicle’s size and weight.




(2.2)

The Jaguar F-Pace is luxury SUV vehicle, which has been in production since 2015. The
vehicle was introduced to the public in September 2015, during the Frankfurt Motor show
(Wikipedia, 2018). Its luxury styled interior and impressive power output intruded
consumers, making the vehicle one of the best family SUV’s in 2019 (Autocar, 2018). Jaguar
has produced the F-Pace with a variety of different engine systems, ranging from a 3.0 litre
V6 turbo-diesel engine to a 5.0 litre supercharged V8 petrol engine (Wikipedia, 2018).
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Image 2 — 2019 Jaguar F-Pace (Jaguar Livermore, 2018)

(2.3)

The Jaguar I-Pace is an all-electrical powered variant of the F-Pace SUV, which has been in
production since the mid-2018 (Jaguar, 2018). The vehicle was first introduced as a
prototype at the Los Angeles Motor Show in 2016, and was discovered on-road in March
2017 (Wikipedia, 2018). The vehicle, alike many other all-electric, use a 90kW lithium-ion
battery to power a 290kW motor (Wikipedia, 2018). The electrical power is needed to
propel the vehicle, that weighs 2,133 kg (Wikipedia, 2018).




Image 3 — 2019 Jaguar I-Pace (CarandDriver.com, 2018)

3. Analysis
(3.1)
The emissions output comparison of the F-Pace and I-Pace is evidence that electric vehicles

are much cleaner than regular petrol vehicles. | have used the Next Greencar website, which
allows me to view the emissions output of the F-Pace.

JAGUAR F-Pace 5.0 V8 Supercharged SVR 550PS
AWD Auto

NGC co2 Euro
PM10 0 mg/km S

Image 4 - Jaguar F-Pace Emissions Output (Petrol) (Next Greencar, 2018)

JAGUAR F-Pace 2.0 Diesel Prestige 240PS AWD  §
Auto

Cco2 Euro

NOx 66 mg/km 172
PM10 1 mg/km

Image 5 - Jaguar F-Pace Emissions Output (Diesel) (Next Greencar, 2018)

As displayed above, the 5.0 litre V8 variant of the F-Pace produced the most CO2 emissions
and received the highest NGC rating. The rating is for (Next Greencar, 2018). Both vehicles
have passed Euro 6 emissions standards, but still produces a substantial amount of CO2 and
NOx. The 2.0 litre diesel variant of the F-Pace produces the most NOx emissions, amounting
to 66 mg/km (Next Greencar, 2018). For this reason, we are seeing less diesel vehicles being
produced by manufacturers.

The I-Pace emits no CO2 into the atmosphere, thus producing no NOx emissions. This is
proven on the Electric Vehicle Database website, there 0 g/mi of CO2 has been recorded.
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Image 6 — I-Pace Emissions Output (Electric Vehicle Database, 2018)

The |-Pace is so energy efficient, that its efficiency is the equivalent to 112 mpg of a petrol or
diesel vehicle (Electric Vehicle Database, 2018). This supersedes the efficiency of the petrol
and diesel variants of the F-Pace, which achieves 23.7 mpg and 51.4 mpg respectfully (Top
Gear, 2018). This proves that electrified vehicles are more than twice as efficient than a
standard road vehicle.

Throughout the comparison, the I-Pace has displayed some significant areas of
improvement in terms of its efficiency. However, the price difference between the I-Pace
and the F-Pace is another reason why most consumers are currently opting out in
purchasing an electric vehicle. According to Jaguar’s official website, the prices of a brand
new F-Pace start at £36,520 (Jaguar, 2018). However, prices for a brand new I-Pace start at
£64,495, or £60,995 with the ‘plug-in car grant’ (Jaguar, 2018). This is a substantial
difference in cost, simply because of the different build process and components. | will be
expanding this argument in the ‘Benefits & Weaknesses of Electrified Vehicles’ section of my
analysis.

(3.2.)

While vehicle manufacturers are continuously investing into vehicle electrification, there are
some weaknesses that cannot be solved simply. Inevitably, we will be seeing vehicle
manufacturers only producing all-electric vehicles in the distant future. The BBC claims that
we could be seeing this revolution as close as 2032 (BBC, 2018).

Positives
* No CO2 or NOx emissions output

As previously proven in my F-Pace & I-Pace comparison, electric vehicles are widely known
for their cleanliness while in operation. Since electric vehicles are not reliant on the
combustion of fuel and air mixture for propulsion, they produce no harmful gases such as
C0O2 and NOx. Especially in urban environments, where non-electric vehicles are consistently
running and releasing greenhouse gases, this is extremely beneficial for our efforts to

reduce our carbon footprint. Using vehicles for transportation is one of the largest
contribution to the global warming. By cutting down on the amount we emit into
atmosphere, we can lower the effects of global warming over time;




* Quieter environment

Considered as ‘noise pollution’, the use of electrical vehicles will drastically lower the level
of noise of road systems. This is especially beneficial in urban and congested environments,
such as city centres and motorways. According to The Sunday Times, road traffic noise is
one Britain’s most problematic urban health threats, increasing the risks of heart disease,
stroke and diabetes (Leake, 2018). Citizens living on motorways and regularly congested
roads are battling health risks that arise from such instances as sleep disturbances.

* Charging costs against fuel costs

Because an electrical vehicle dismisses the use of fuel for propulsion, an electric vehicle
owner will recognise a big saving in fuel costs. For example; if | was to spend £40 a week on
fuel to power my current vehicle, | will be spending a staggering £2080 on fuel over the
course of a year.

Weekly Fuel Costs = £40
Annual Fuel Costs (Weekly Costs x 52) = £2080

To discover the cost of electricity to fully charge the Jaguar I-Pace, | have used an online
electricity calculator. The Sust-it website will allow me to input the energy consumption
needed to charge the vehicle and for how long it is needed to charge. If | were to purchase a
Jaguar |-Pace and install the 7kW single-phase AC charger equipped with the vehicle, it
would cost £16.31 to fully charge (Sust-it, 2018). If | were to use an ordinary wall plug at
2.7kW of electricity, it would cost around the same amount to fully charge (£16.31) (Sust-it,
2018).

Select tariff: UE; Average - June 2018 v 0(:
Energy consumption: 74 Walls (W) = Kilowatts (kW)

Time in use: 13.52 Minutes # Hours

Cost of electricity: £16.1

“Caloulated using the UK Average rale of 16.3p/kih (june 2018 taxiff)

Image 7 — Cost of Electricity (7.4kW) (Sust-it, 2018)

Select tariff: UK: Average - june 2018 H Or:
Energy consumption: 23 Walls (W) = Kilowalls (kW)

Time in use: 435 Minules ® Hours

Cost of electricity: £16.31

“Caboulated using the UK Average rie of 16,30/ kwh (June 2018 tariff)
Image 8 — Cost of Electricity (2.3kW) (Sust-it, 2018)

As an example, if | were to fully charge a Jaguar I-Pace twice over the course of a week, |
would be spending around £32.62. To put this into an annual sum, | would expect to pay:




Weekly Charging Costs = £32.62
Annual Charging Costs (Weekly Costs x 52) = £1669.24

In this instance, | would save a total of £410.76 on annual running costs, which is
considerable amount in relation to the amount of fuel that could buy. This data is relative to
home & destination charging;

* Vehicle tax & UK government grant

Within the UK, an electric vehicle that uses an external power source to charge and “an
electric storage battery that cannot be connected to any source of power when the vehicle
is moving” is exempt from road vehicle tax (GOV.UK, 2018). The tax is exempt due to the
government’s tactics to increase the electric vehicle market in the UK. However, an electric
vehicle owner will still have to pay an extra tax for a vehicle with a list price over £40,000 if
the vehicle was registered after 31 March 2017 (GOV.UK, 2018).

To encourage the British consumers to purchase electric vehicles, the UK government has
created the ‘plug-in car grant’ (PiCG) to reduce the price of a selection of brand new electric
vehicles sold in the UK. The grant has been accessible since 2012 (GOV.UK, 2018), which
originally supported discounts for hybrid-electric and electric vehicles. However, due to
government reforms in 2018, the grant is only given through the purchase of all-electric
vehicles (Gibson, 2018). The maximum allowable grant is now set at £3,500 (Jaguar, 2018).

Negatives
e Charge time against drive time

An ongoing issue, which has put many consumers off the idea of purchasing an electric
vehicle, is the amount of driving time compared to charging time. If | were to purchase a
Jaguar |-Pace and install the 7kW single-phase AC charger equipped with the vehicle, it
would take 13 hours and 30 minutes to fully charge (Electric Vehicle Database, 2018).
However, if | were to use an ordinary wall plug at 2.3kW of electricity, it would take 43
hours and 30 minutes to charge (Electric Vehicle Database, 2018). This data is relative to
home & destination charging.
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Image 9 - Jaguar I-Pace Charging Options (Electric Vehicle Database, 2018)




If this problem were to be eliminated by the creation of widely accessible ‘fast charging’
ports, we could be seeing more of a global interest in electric vehicles. It is because of issues
such as this, that the modern electric vehicle just simply is not practical enough for the
average consumer. For example; an owner would need to charge the vehicle at 6:00pm for
it to fully charge 7:30am the morning after. The owner could easily unplug the vehicle mid-
charge and drive, but this is not advisable to ensure the maximum sustainably and lifespan
of the battery.

¢ Cost of production & maintenance

As proven in the comparison between the Jaguar F-Pace and I-Pace, an electric vehicle is
generally more expensive to purchase than a standard road vehicle. This is due to the
manufacturing costs of the vehicle and its components. For example; after researching the
cost to replace the batteries on an electric vehicle, | found a Tesla Model S battery model for
£14,999 (eBay, 2018). This does not include installation costs. Of course, the reliability of an
all-electric vehicle’s batteries is exceptional, but battery failures and faults can happen over
time due to wear and age.

* Hidden environmental impacts

The main criteria behind the production of all-electric vehicles is to reduce the level of
impact we are having on the global environment. However, producing materials for these
vehicles are uncovering new issues involving the environment. For example; nickel is a form
of steel that is used to conduct electricity through components such as batteries. The mining
and processing of Nickel can generate high levels of dust in the air, which contain high
concentrations of potentially toxic metals (Oprey, 2017). As well as this, we need to monitor
and conserve the earth’s supply of nickel for future use.

4. Conclusion

From this investigation into assessing the carbon impact of electric vehicles, | have critically
analysed the principle of modern electric vehicle systems. Through online and reading
research, | have proven that electric vehicles are beneficial to our environment and do have
a positive effect on our efforts to reduce our carbon footprint. However, it is clear that
improvements need to be undertaken to make the electric vehicle more practical and more
affordable for consumers.

| believe that electric vehicles are the solution to improving our enviropment. Particularly in
urban areas, the employment of more electric vehicles will minimise the amount of CO2 and
NOx we release into the atmosphere. As technologies improve and the electric vehicle
principle evolves, we could see faster charging times and even better vehicle efficiency in
the near future. | believe more consumers will be interested in owning an electric vehicle if
vehicle charging times are greatly reduced, and if ‘fast’ or ‘rapid’ charging is more widely
accessible.
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approaches to problem-solving in particular contexts.



UNSATISFACTORY  Rudimentary application of taught, basic methods, materials, tools and/or techniques

30-39% but without consideration and competence. Flawed appreciation of the context of the
0) application. Weak evidence of different approaches to problem-solving in particular
contexts.

SATISFACTORY 40- An adequate awareness and mostly appropriate application of basic methods,

49% materials, tools and/or techniques. Basic appreciation of the context of the

0) application. Can identify problems in particular contexts and propose basic alternative
approaches or solutions though there may be errors.

GOOD 50-59% A good and appropriate application of basic methods, materials, tools and/or

(0) techniques. Clear appreciation of the context of the application. Good evidence of
different approaches to problem-solving in particular contexts and proposes mostly
appropriate solutions.

VERY GOOD 60-69% A very good application of a range of basic methods, materials, tools and/or

0) techniques. Very good consideration of the context of the application. Very good
evidence of different approaches to problem-solving in particular contexts and
proposes appropriate solutions.

EXCELLENT 70-79% An advanced application of a range of taught, basic methods, materials, tools and/or

0) techniques. The context of the application is well considered, and insightful. Excellent
evidence of different approaches to problem-solving in particular contexts and
proposes appropriate solutions.

EXCEPTIONAL 80-  Exceptional levels of application and deployment skills in particular practical contexts.

100% Outstanding identification of problems in particular contexts and formulation of
0) wholly appropriate, thoughtful solutions / different approaches.
SKILLS PROF P 0/0

Transferable skills for life and professional practice (Communicate the results of their study/work
accurately and reliably, and with structured and coherent arguments; the qualities needed for employment
requiring the exercise of some personal responsibility within a structured and managed environment.)

FAIL 0-29% Work is poorly structured, disorganised, inaccurate and/or confusingly expressed.

) Very weak use of language and/or very inappropriate style. Failure to work effectively
individual or as part of a group. Little or no evidence of the skills for employment
requiring the exercise of some personal responsibility.

UNSATISFACTORY  Work is poorly presented in a disjointed manner. It is loosely, and at times

30-39% incoherently, structured, with information and ideas often poorly expressed. Weak

) use of language and/or inappropriate style. Flawed approach to individual or group
work, meeting only partial obligations to others. Limited evidence of the skills for
employment requiring the exercise of some personal responsibility.

SATISFACTORY 40- Mostly ordered presentation and structure in which relevant ideas / concepts are

49% reasonably expressed. Work may lack coherence and/or accuracy in places. Can work

) as part of a group, meeting most obligations to others but perhaps with limited
involvement in group activities. Demonstrates the basic skills for employment
requiring the exercise of some personal responsibility, with some areas of minor
weakness.



GOOD 50-59%
)

Mostly coherent, organised and accurate work, in a suitable structure and is for the
most part clearly expressed. Can work effectively independently and/or as part of a
team, with clear contribution to group activities. Demonstrates the skills for
employment requiring the exercise of some personal responsibility, with some areas
of strength and some of minor weakness.

VERY GOOD 60-69% Work is accurate, coherent, fluent, well-structured and organised. Can work

©)

EXCELLENT 70-79%
©)

EXCEPTIONAL 80-
100%

©)

effectively independently and/or as part of a team, with very good contribution to
group activities. Demonstrates very good skills for employment requiring the exercise
of some personal responsibility, with just occasional minor weakness.

Work is coherent, very fluent and is presented professionally. Can work effectively
independently and/or as part of a team, with an excellent contribution to group
activities. Demonstrates excellent skills for employment requiring the exercise of
some personal responsibility with an appetite for further development.

Work is accurate, exceptionally coherent, very fluent and presented well. Can work
effectively independently and/or as part of a team, with an exceptional contribution to
group activities. Demonstrates exceptional skills for employment requiring the
exercise of some personal responsibility with an appetite for further development.
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