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2.0 Introduction

This paper discusses the impact electric vehicles has on the environment and whether
swapping all 37 million cars on UK roads to electric would be beneficial (Dark, 2017). The
significance of this topic relates to the ever increasing popularity of electric powered vehicles.
Electric powered vehicles have grown enormously; grown 156% in four years(Long, 2018).
The aim of this task is to analyse the global employment of electric propulsion vehicles in the
automaotive industry through urban and rural communities. This paper will be discussing the
immediate and long term implications of the large scale expansion of the electric vehicle
industry and the technologies within this industry will be critically analysed. This paper will
discuss the genuine CO; benefits and flaws of electric vehicles. Practicalities of these vehicles
in terms of charging, range and performance are issues that will be addressed in this paper.
The cost of purchasing and maintenance of these vehicles can be extortionate as well as the
manufacturing costs and everyday practicalities; these will be discussed in this paper.




3.0 Literature Review

There is an ever increasing realisation worldwide that vehicle emissions are damaging the
natural environment, but internal combustion engines have dominated the transport sector
for decades. With 26% of the UK’s emissions coming from the transport sector, rising 2% since
2016 (Gabbatiss, 2018), it's ended up with a bad name for itself. Manufacturers are trying to
reduce this percentage by downsizing their engines or making use of hybridisation or fully
electric vehicles. The electric vehicle market is continuously growing. In the UK alone, there
are almost 200,000 electric propulsion vehicles on the roads earlier this year (Lilly, 2018)
which is still extremely small compared to the 37.3 million registered vehicles on the roads as
of 2017 (Department For Transport, 2017) but it's a steppingstone towards a greener future.
The government has set a goal by 2025 for between 8% and 16% of all vehicles on the road
will be electric. They've also set a goal for 2040 for all new vehicles bought must be electric
or an alternative fuel such as hydrogen (Horner, 2018).
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Charging is a large complication when it comes to electric vehicles. The government predicts
there will be more than a million electric vehicles on UK roads by 2020. This vast number of
cars needs a vast number of charging points. There are currently 16,500 charging points
across the country according to Emu Analytics but it's predicted more than 100,000 charging
points will be required to keep the electric cars moving (Chapman, 2018). Currently, only 3%
of supermarkets across the UK have electric charging points. Statistics show that Asda has the
best electric charger coverage with charging points at 19% of their stores while Tesco is at the
bottom of the list with a measly 0.4% of the stores include chargers. A network of electric
vehicle chargers is critical for the expansion of the electric vehicle industry (Chapman, 2018).
As seen in figure 3, this is a Tesla Model S battery. Tesla have designed their battery so that it
makes use of the floor space on offer. The 85 kW/h battery found in a Tesla Model S weighs
in excess of 600 kg (Anon, 2013). Engineers are continuing their research and development
into batteries, discovering ways of reducing the weight of these batteries.
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As seen in figure 2, a few vehicle manufacturers are beginning to phase out their diesel
vehicles but a few have no plan to phase out their diesels; these manufacturers include
Mercedes, Ford and Mazda. Tesla have never produced any electric vehicles therefore they're
at the top of this list. Manufacturers such as Toyota claimed they'd phase out their diesel
vehicles by the end of last year. Toyota are phasing out their diesels because less than 5% of
Toyota purchases in the UK were diesels in January 2018 but a whopping 45% of their sales
were petrol-electric hybrid (Massey, 2018). Looking at figure 2, the manufacturers that are
planning on phasing out their diesels are in the very near future; all within the next three
years. Currently Suzuki aren’t planning on phasing out their diesel vehicles in Europe but
Suzuki are closing a diesel assembly plant in India with an attempt to clean the county’s air.
India is one of the most polluted countries in the world where CBS News has discovered that
fourteen of the top thirty most polluted countries in the world are located in India (Anon,
n.d.). As seen in figure 3, the World Health Organisation has discovered that India has huge
pollution problems with over 140 pg/m?; almost double the 73 pug/m?3 found in Beijing and the
11 pg/m? found in London or the 13 pg/m? found in Swansea (Anon, 2018). Suzuki has most
probably made the correct decision sorting the pollution issues in India before Europe due to
the severity of the pollution.

In July 2018, the UK government announced that all petrol and diesel vehicle production will
be ceased by 2040. An ambitious Volvo have decided every vehicle they produce from 2019
onwards will incorporate an electric motor. Due to this cease in production, the National Grid
believe there will be over 26 million electric vehicles in the UK alone. Critics and reporters
believe that this will be a problem for the national grid, but they think not. A concern for many
is that charging an electric vehicle draws so much electricity from the property, using a kettle
or oven will trip the main fuse in the house. The only way to combat this issue is to increase
the size of the fuse in the property concerned; but only the National Grid can complete this
meaning the size of 26 million fuses will need to be increased. To persuade customers to go
down the route of electric vehicles, manufacturers like Ford are offering a £2000 scrappage
scheme for vehicles older than 2010 (Anon, 2017).




4.0 _Carbon Impact

Many believe that electric cars are they way forward as they produce little or no harmful
gasses; but Steve Hanley has discovered that electric cars pollute the environmental just as
conventional, internal combustion engine cars do. “We found that battery electric cars
generate half the emissions of the average comparable gasoline car, even when pollution
from battery manufacturing is accounted for.” (Hanley, 2018). Both electric and conventional
vehicles begin in the same way, raw materials extracted from the ground, refined and
manufactured into various components throughout the car. Electric cars store their power in
large lithium-ion batteries, which are extremely material and energy intensive to create.
Many also believe that the manufacturing process for electric vehicles produces more
emissions; and they’re correct. Producing a mid-sized electric vehicle with an 84 mile range
results in a manufacturing emissions increase by approximately 15% over that of a
conventional vehicle. For the larger vehicles with a range of more than 250 miles, a whopping
68% more emissions are produced during the manufacturing process. These high percentages
are due to the early stage of production where the batteries and body panels are created
(Anon, 2015). ssoueons
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As seen in figure 1, after manufacturing and when the vehicles are on the road, hybrid and
electric vehicles produce a considerably smaller amount of COz per mile compared to that of
a conventional internal combustion powered vehicle. On average, an electric vehicle will
produce half as much carbon dioxide pollution as that of a conventional car the same size. On
average, an electric vehicle with ten years of useful life, a conventional vehicle will produce
approximately 30,000 kg more carbon dioxide than an average electric vehicle (Hanley, 2018).

Benefits of electric vehicles include the improvement in air quality. It’s common knowledge
that electric vehicles don’t pump out harmful gasses into the air we breathe. Electric vehicles
help keep the air we breathe clean particularly in urban areas. The transport sector equates
to 26% of the greenhouse gasses produced; this has risen 2% since 2016 (Gabbatiss, 2018).
Pure electric vehicles don’t contribute to climate change at all after production, providing a
cleaner environment. Compared to levels in 1990, the UK government is thriving to reduce
carbon emissions by 80% by 2050 (Anon, n.d.). A CO; reduction of 80% has been acquired in
New Zealand due to the renewable energy sources used to generate electricity (Anon, 2018).
Due to the rise of electric vehicles, sales are rapidly decreasing on diesel cars. Sales dropped
37% from March 2017 to March 2018 (Long, 2018).




5.0 Ethics

Electric vehicles may be clean in terms of their emission output but some manufacturer’s
ethics aren’t clean as they allow customers to believe. Research has discovered that cobalt
entering some of the world’s largest manufacturers, used in the rechargeable lithium-ion
batteries found in the vehicles have been mined by children and adults in extremely
dangerous conditions in the Democratic Republic of Congo. Since 2012, manufacturers now
have to disclose where the cobalt used in the vehicles is mined from and provide adequate
human rights privileges to the people of Congo. Mark Dummet from Time had contacted
many of these companies but none admitted they had done this (Dummet, 2017). Companies
other than vehicle manufacturers such as Apple, HP, Sony and Samsung have begun to
provide the children and adults of Congo a better way of life by mining their cobalt ethically.

Its common knowledge that an internal combustion can be recycled by either stripping and
selling each part separately, selling the whole engine or turning the metal into something
new. Not many people know that 60% of a Tesla’s batteries can be recycled also and a further
10% of the batteries components can be reused; parts such as the battery case and some
electric components. The remaining 30% of the battery will go to landfill due to the excessive
recycling costs (Forfar, 2018). Tesla, being a serious innovative company, places their recycling
scheme as a competitive advantage over other electric vehicle manufacturers. The 450 kg
battery found in Tesla’s would be far easier to recycle than end up in landfill due to complex
components found within the battery. The electronics found in the batteries are removed,
tested and reused to ensure sustainability of the company (Forfar, 2018). A report found on
the Tesla website states that they recycle 60% of the battery pack in association with a
company called Umicore. This company have a “fully closed loop recycling system” where
they can save a minimum of 70% of carbon dioxide emissions during the recovery and refining
process. This is completed by Umicore producing their own products and by-products rather
than undertaking a mechanical separation process (Kelty, 2011).

Recently, Tesla and Umicore have devised a way of turning the remaining 30% of unrecyclable
material into a new product. The remaining material can be turned into construction material.
Global man made emissions are contributed to by cement manufacturing producing 5%. Tesla
and Umicore replaces concrete with a secondary material which in turn reduces the carbon
dioxide output and reduces non-renewable resource consumption (Forfar, 2018). Due to the
increasing costs of mining and refining the cobalt found in electric car batteries, Tesla states
they have created their highest energy density battery ever for the Model 3. The batteries are
so dense in energy, only 2976 lithium-ion cells are needed (for the 50 kWh model), nicknamed
“21 70” due to each cell being 21mm in diameter and 70mm long. The bigger cells allowed
tesla to “optimize volumetric energy density” (Lambert, 2017).




6.0 Cost

6.1 Manufacturing

Tesla have recently released a statement about their new Model 3. The Model 3 will cost an
estimated $28,000 to manufacture, this includes $18,000 in parts and $10,000 in labour costs.
It's estimated that Model 3 will retail for approximately $35,000. Engineers at Tesla hope to
produce 10,000 of these cars a week (Coren, 2018). Just like an internal combustion engine,
electric powered vehicles are designed to live a long life but will eventually wear out. Most
vehicle manufacturers provide their customers with an eight year or 100,000 mile battery
warranty. As well as the eight year warranty, Nissan offer a 5 year warranty for battery
capacity loss; this means when the battery doesn’t charge fully or provide the correct power
output. California emissions warranty have required for all electric vehicles to last 10 years
coverage and zero emissions (Anon, 2018). Figure 4 below demonstrates the battery lifespan
of a Tesla Model S after set miles on the car. The blue dots demonstrate the remaining original
range after set mileage and the red line demonstrates the trend of the blue dots. From 0 —
20,000 miles, the battery range remaining drops rather suddenly; this is most likely due to the
battery ‘wearing in’. After 20,000 miles all the way up to 220,000 the battery range decreases
in a uniform way. After 220,000 miles, the battery still has 91% capacity remaining, which is
extremely acceptable due to the number of problems a petrol or diesel vehicle would have
after this mileage. On average, this is one battery percentage loss every 24,500 miles.
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As seen in figure 2, the battery manufacturing costs are beginning to drop. The blue dots on
the graph demonstrate the engineers estimated cost of batteries from 2010 up until 2017.
The yellow dots demonstrate the projected estimates by engineers of how much batteries
will cost in the upcoming years. This is due to the ever increasing technology and engineers
gaining knowledge in this sector. In 2010, it cost over $600 to manufacture a battery due this
being the start of research and development into electric powered vehicles and the first large
scale production of an electric vehicle. Today, lithium ion batteries are costing manufacturers
approximately $250 to produce. This is a significant drop in price in such a short space of time
but it's believed to drop further as technologies improve and research and development
increases.




6.2 Maintenance

The main maintenance cost with any vehicle is the servicing costs and what mechanics can
discover. Owners of electric vehicles are faced with the difficulty of choosing a mechanic with
the knowhow to service an electric car; owners will have to take their car to a specialist garage
or back to the dealership. Compared to the tens of moving parts found in an internal
combustion engine, an electric motor only has approximately half a dozen moving parts
internally (Lampton, n.d.). On average, an electric powered vehicle will cost a third of the
maintenance price than an electric powered vehicle. In 2017, Tesla patented a service
technique whereby the customer would simply drive their car to a local service centre and in
a matter of minutes the old defective battery will be replaced with a brand new battery; just
like changing a part on an internal combustion engine. This patent can be seen in the image
below.

6.3 Everyday Practicalities

Due to the research and development and manufacturing costs, high end electric vehicles
with a decent range can be very expensive. One of the lower end electric vehicles is the BMW
i3 retails at £35,000 and has a range of 190 miles on a single charge. A high end example of
an electric vehicle is the Tesla Model X which costs in excess of £80,000 with a range of up to
350 miles on a single charge. The lower-end electric vehicle has a maximum range of between
150 and 200 miles which isn’t a very long distance compared to a Tesla for example. A
Mercedes E350 AMG petrol has a fuel tank capacity of approximately 15 gallons and an
average of 50 miles/gallon (depending on driving style) which equates to 750 miles on a whole
tank of fuel costing approximately £90 (depending on petrol prices). To fully charge a Tesla
model S costs approximately £15 to travel a distance of 350 miles. In order to complete the
same distance as the Mercedes, it will cost the tesla £32.14 to travel 750 miles. The initial
purchase price of the Tesla is twice the price of the Mercedes but over time, it will work out
cheaper to own the Tesla than the Mercedes. An economic benefit of owning an electric
vehicle is that charging your car fully is the equivalent of paying 30p per litre of fuel. Electric
vehicles can convert 90% of their battery capacity into kinetic energy whereas a petrol or
diesel vehicle can only convert around 20% of the fuel into kinetic energy (Hanley, 2018).
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RUBRIC: NEW BACHELOR'S RUBRIC 0/0

LITERATURE 0/0

Engagement with literature (including reading, referencing, academic conventions and academic honesty)

FAIL 0-29% Little or no evidence of reading. Views and findings unsupported and non-
0) authoritative. Referencing conventions largely ignored.

UNSATISFACTORY  Poor engagement with essential reading. No evidence of wider reading. Reliance on
30-39% inappropriate sources, and/or indiscriminate use of sources. Heavily reliant on
) information gained through class contact. Inconsistent and weak use of referencing.

SATISFACTORY 40- Engagement with a limited range of mostly relevant and credible sources but with

49% some reliance on information gained through class contact. Some omissions and

0) minor errors. Referencing conventions evident though not always applied accurately
or consistently.

GOOD 50-59% Engagement with an appropriate range of literature, including sources retrieved
) independently. Some over-reliance on texts rather than other sources. Referencing
may show minor inaccuracies or inconsistencies.

VERY GOOD 60-69% Engagement with a wide range of literature, including sources retrieved independently.
0) Selection of relevant and credible sources. Generally sound referencing, with no/very
few inaccuracies or inconsistencies.

EXCELLENT 70-79% Engagement with an extensive range of relevant and credible literature. Consistently
0) accurate application of referencing.

EXCEPTIONAL 80-  Exceptional engagement with an extensive range of relevant and credible literature.
100% High-level referencing skills consistently applied.

©)

K&U 0/0

Knowledge and understanding (Knowledge of the basic underlying concepts and principles of a subject.)

FAIL 0-29% Major gaps in knowledge and understanding of the basic underlying concepts and
0) principles of the subject matter. Inclusion of irrelevant material. Substantial
inaccuracies.

UNSATISFACTORY  Gaps in knowledge of the basic underlying concepts and principles, with flawed or
30-39% superficial understanding. Some significant inaccuracies and/or irrelevant material.

©)

SATISFACTORY 40- Limited knowledge and understanding of the basic underlying concepts and principles

49% within the subject area. Some elements may be missing.

0)

GOOD 50-59% Knowledge of the basic underlying concepts and principles is accurate with a good
) understanding of the field of study but lacks depth and/or breadth.

VERY GOOD 60-69% Competent knowledge of the basic underlying concepts and principles. Exhibits very
0) good understanding.



EXCELLENT 70-79% Excellent knowledge and understanding of the basic underlying concepts and
(0) principles of the subject.

EXCEPTIONAL 80-  Exceptional, detailed knowledge and understanding of the basic underlying concepts

100% and principles.
0)

COGNITIVE 0/0

Cognitive and intellectual skills (Evaluate underlying concepts and principles of a subject and interpret
qualitative and quantitative data in order to develop lines of argument and make sound judgements.)

FAIL 0-29% Wholly or almost wholly descriptive work. Little or no evaluation of the underlying
0) concepts and principles. Failure to develop arguments, leading to illogical or invalid
judgements. Minimal or no use of evidence to back up views.

UNSATISFACTORY  Largely descriptive work, with superficial evaluation of the underlying concepts and

30-39% principles. Weak interpretation of data, flawed development of arguments and

0) judgements. Information accepted uncritically, uses generalised statements made with
scant evidence and unsubstantiated opinions. Ideas sometimes illogical and
contradictory.

SATISFACTORY 40- Limited attempt at evaluation of the underlying concepts and principles, tending

49% towards description. Can interpret qualitative and quantitative data but with some

) errors. Some evidence to support emerging arguments and judgements but these may
be underdeveloped or with a little inconsistency / mis-interpretation.

GOOD 50-59% Good evaluation of the underlying concepts and principles. Can interpret qualitative
0) and quantitative data, with minor errors. An emerging ability to use evidence to
support the argument. Mostly valid arguments and logical judgements.

VERY GOOD 60-69% Sound evaluation of the underlying concepts and principles. Can interpret qualitative
0) and quantitative data accurately. Ability to devise arguments using evidence to make
mostly appropriate and valid judgements.

EXCELLENT 70-79% Excellent evaluation of the underlying concepts and principles. Can interpret
) qualitative and quantitative data accurately and with some insight. Excellent ability to
devise arguments using evidence and make appropriate and valid judgements.

EXCEPTIONAL 80-  Exceptional evaluation of the underlying concepts and principles based evidence.

100% Outstanding interpretation of qualitative and quantitative data. Exceptional ability to
) devise arguments using evidence and make wholly appropriate and valid judgements.
PRACT ICAL 0/0

Practical skills (Different approaches to solving problems in particular contexts.)

FAIL 0-29% Limited or no use of taught, basic methods, materials, tools and/or techniques. Little
0) or no appreciation of the context of the application. Very weak evidence of different
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

) 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

) 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.

0) 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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