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1.0 INTRODUCTION

Since the 2008 Climate Change Act, various sectors have set goals to aid in the way of de-
carbonisation of the economy and by making the world cleaner.

Since the passing of the Act:

The use of coal has fallen drastically from providing 33% of all electricity generated in 2008
to just 7% in 2017;

Electricity from low carbon sources has increased from 20% when the Act became law to
51% now, with renewables representing 30%;

England’s renewable capacity grew almost tenfold from 2,618 MW in 2008 to 25,801 MW in
2017;

The power sector has cut its emissions by more than half over the last ten years which has
meant the majority of greenhouse gas (GHG) emissions reductions have come from the
power sector;

And there are now almost 400,000 low carbon job across the country - and the sector is
growing

(Energy UK, 2018)
There are two main types of emissions we see produced from our vehicles.

Direct emissions are produced through the vehicles tailpipe, through evaporation from the
fuel system and during this process. Direct emissions include smog-forming pollutants like
nitrogen oxides, and other harmless pollutants harmful to human health and also
greenhouse gases like carbon monoxide. All electric vehicles produce zero direct emission
which aids in the way of a healthier environment. (Gov.uk, 2019)

Life cycle emissions included all emissions related to fuel and vehicle production, processing
distribution and recycling and disposal services. With a normally gasoline engine vehicle
emissions are produced when the raw crude oil is extracted from the ground which is then
refined to gasoline, then distributed to all station pumps, then burnt in the combustion
chamber (Gov.uk, 2019).




The use of electric vehicles is continuously pushed at the population with promotion and
advertising on all media platforms and sources. Automotive manufactures are setting aside
huge research and development, production and marketing budgets to introduce new and
existing platforms with electric drivetrains. Whilst this is an environmental boost and
satisfies government targets, the questions are;

Are Consumers ready for the change?

Does the consumer value the environmental benefits?

Are the manufacturers and governments ready for a mass change?

Is their enough infrastructure to accommodate this change?

Are there alternatives to electric vehicles that have a similar Carbon footprint?

(afdc.energy.gov, 2018)
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1.1 WHAT ARE ELECTRIC VEHICLES

The main difference between an electric vehicle and an internal combustion engine is their
fuel source. With one being run on gasoline which is burnt in the combustion chamber to
power the vehicle. The electric vehicle is run off of electricity

Electric vehicles use an electric motor instead of an internal combustion engine. The vehicle
then uses a large traction battery to power the electric motor. This battery can be charged
by smart chargers or on a smaller charger at home. As this is 100% electric it emits no
emissions (afdc.energy.gov, 2018).

Electricity can be generated from many different sources, some include burning coal or gas,
which has a large carbon footprint or they can come from renewable sources such as solar,
wind or hydropower.

A major disadvantage of the internal combustion engine is the emissions they produce. As
the engine goes through the 4 stroke cycle and the fuel is burnt to create energy, which
pushes the pistons down, the bi product of this is major Pollutants such as nitrogen oxides,
carbon monoxides. In 2013 transportation contributed more than half of the carbon
monoxide and nitrogen oxides, and almost a quarter of the hydrocarbons emitted into our
air. (Scientists, 2018)

In a conventional vehicle the following tailpipe carbon dioxide (CO2) is created from burning
one gallon of fuel?

» CO; Emissions from a gallon of gasoline: 8,887 grams CO»/ gallon
» CO; Emissions from a gallon of diesel: 10,180 grams CO/ gallon
(United States Environmental Protection Agency, 2018)

Whereas the only emissions produced by an electric vehicle is when the car is being
manufactured:




1.1.1. IS THE COUNTRY READING-FOR ELECTRIFICATION

When looking into the target audience for the electric vehicles some facts are much more
interesting than others. It is a fact that the highest demand in electric vehicles lays in the 18-
34 bracket with nearly half questioned (47%) saying they would consider buying an electric
vehicle the next time they would be buying a car (Barlinga, 2017). When we go further up
the age categories the demand to buy an electric car declines massively, with only 30% of
people aged 35-54 saying they are likely to consider buying one and then in the age group
55+, only 14% those. (Barlinga, 2017)

(Barlinga, 2017)

How close is an
electric future?

of Brits believe that electric

' w 9% Mwears will be more popular
' than petrol/diesel cars

within the next 15 years

Relating back to these facts, seeing how only 14% of the over 55+ age bracket would only
buy an electric vehicle is astonishing. The question is why? Is it because they think that itis
too late to change the future? Are these people still stuck in their traditional ways? Do they
think that they will not get their full use out of the vehicle? These points are very interesting
as if we are to make a change to the environment we need to target every age group. The
UK houses a population of 66,771,139 (Worldometers, 4 January 2019), we need to make a
change as a population as a whole if we want to see a change. If only the younger age
groups are willing to change, it will mean a far longer time frame in achieving targets.

One of the main issues people have when buying an electric vehicle is the price, as the
specifications on electric vehicles may not be as high as their conventional counterparts:
The Volkswagen groups Golf-E which is on the market as we speak starts at £29,230, for this
money you can go a total distance on a full charge of 144 miles (Volkswagen, Volkswagen
Group , 2019). This is a very limited mileage especially if you were to be travelling a long
distance, you would have to stop and charge your vehicle. Whereas an average miles per
gallon on a petrol vehicle is combined around 37.837 MPG (Economy, 2006);




2.0 LITERATURE REVIEW

There are many different aspects to consider when looking into the impacts of electric
vehicles and in this report we will consider the use of electric vehicles in a rural and urban
environment. A SWOT analysis will be conducted to break down the different factors the
electric vehicles come into.

Table needs labelling

There are many different arguments that can be heard about electric vehicles. Everyone has
their own opinion and it actually comes down to what the person uses the vehicle for.

For an senior citizen, who drives minimum mileage a year and only potters around the
village and town, an electric vehicle would be great, less Co2 emissions and more
economical, plus after each trip all she would have to do is plug it in and forget about it.

In the UK, the government has been operating a plug-in car grant since 2011, back when
there were fewer than 1,000 registered electric cars on the roads

The current version has been in place since 2016 and will continue automatically subsidising
hybrid or full electric cars that cost less than £60,000 by 35 per cent, up to a maximum of
£2,500 for a hybrid, or £4,500 for full electric (PRIDAY, 2018)




(Fin, 2018)

Real-Life EV Ranges Summer Range Winter Range Average Range
Renault Zoe 22kW R90 106 71 89
BMW i3 90Ah 132 111 125
Renault Zoe Z.E. 40 Q90 Quick Charge 174 112 143
Renault Zoe Z.E. 40 R90 186 124 155
Nissan Leaf 40 kWh 150 180 170
TeslaS75 214 206 210
Tesla 575D 235 225 230
Tesla S 100D 347 333 340
Tesla S P100OD 306 294 300
Avg. UK Electric Car Range (excl. Tesla) 165 131 149
Avg. UK Electric Car Range (incl. Tesla) 209 182 196

The above chart shows the average miles per charge of various electric vehicles. These
values show that various different cars have different mileages that the vehicle can travel on
a battery charge. This aspect on the electric vehicle ties into the weaknesses of the SWOT
analysis as this would be a major effect on the buyer depending on what he-would use the
vehicle for.




2.1 ECONOMICAL

Electric cars still need power to be used. The term “From well to wheel” comes up a lot in

the automotive industry.
(Commisson, 2018)

“Well”

. Produce
primary fuel

Well to Tank (WTT)

Transport
primary fuel
Produce
road fuel
Distribute
road fuel
™~ Fuel
vehicle
For each WTW pathway, calculate:
= Total energy required
= Total GHG emitted

™~ Burn fuel
in vehicle

“Wheels”

Tank to Wheels (TTW)

Graphic representation of Well-to-Wheels Analysis

©EU, 2016

This diagram shows a typical cycle that
the crude oil travels from the well,
where it was drilled up until it is burnt in
our vehicles as we commute down the
road.

Most people don’t actually understand
the cycle the fuel that we get in our
local petrol stations go through, as
everyone is so used to having it on tap.
Whereas with an electric vehicle the
charging ports are not as easily available
as it would be to fuel a car. This would
be another major aspect for someone
who would want to make the change
from fuel to an electric vehicle

Manufacturing a mid-sized EV with an 84-mile range results in about 15 percent more
emissions than manufacturing an equivalent gasoline vehicle. For larger, longer-range EVs
that travel more than 250 miles per charge, the manufacturing emissions can be as much as

68 percent higher. (scientists, 2015)

Even though these vehicles have higher emissions when being produced after those being
on the road these reduce greatly. They can even make up for their manufacturing costs

from as little as 6 months up until 18 months.




2.1.1 CHARGING POINTS AND STATS

A major point when discussing electric vehicles is the availability of charging points. Not
everyone has charging points near/available to them and not all governments have
switched to the electric way. As mentioned above the travel distance of the electric caris a
main issue and if there was no means to charge it easily then how will people find a way to
make the change?

It’s not like people can drive 5 miles around a town and be near various different fuelling
station which offer petrol or diesel on tap which will take 5 minutes to fill up and get you on
the road again.

Instead people will have to plan a route to make sure that they have chargers available to
recharge the battery but not only this, what happens if they are taken up when you get
there?

- - Around the UK in February 2017 there were 11,000 public
Main barriers to 100% electric L.
car ownership chargers and this increased to 14,000 a year later. The
government has committed £400m to increasing a charger

2018 2017

- . infrastructure (Barlinga, 2017).
b 55/0, ( .-'54%’ Even if we were to make the change dramatically many

Sl charging points would have to follow, they would need to be
installed more in petrol stations, motorway services, local

Not beingableto y car parks, hotels and private houses,
travel far enol [ [

whhonnchovzz!o | 48% \ 55%

reach the next L

Sl Only 54% of people state their worries. In comparison, 40%

- think a scrappage scheme where older cars are scrapped for
e 46) SE,B down payments on electric cars would convince people, and
shems : Y 32% say better information on the overall cost of ownership
for electric cars is important (Barlingay; 2017).

~ 7 (Barlinga, 2017)
e (38%) g38%
el L -.'_'_"'363 i i._33%
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2.1.2 NUMBER OF ELECTRIC CARS IN UK

There are 182,000 electric vehicles registered in the UK alone. Even though this fact seems a
lot there are only 18,685 charging points to support them. This is around 10.26% of the
vehicles which are actually on the UK’s road are able to be charged at once.

The current speed of different charging technology in the UK®’ (based on a 100% electric car with a 40kwh battery):
Charger 33kw 22kW 43kW
Time tnd“"ge{mum) “

(Barlinga, 2017)




3.0 CASE STUDY — URBAN DRIVER

An urban driver is considered to be a person who does limited mileage and is only mobile
around town. This driver is expected to undertake a low speed, travel short distances, have
good parking available and an increasing electric infrastructure.

When looking into the electric vehicles on the market above in section 2.0 (page 7) we see a
table showing various electric vehicles and how far they can travel, please see below this
image.

From the figure above we can see the average rang of various electric vehicles which are on
the market as we speak. With the Tesla S 100D which range was the overall best at 340
Miles out of a full charge.

Real-Life EV Ranges Summer Range Winter Range Average Range
Renault Zoe 22kW R90 106 71 89
BMW i3 90Ah 132 111 125
Renault Zoe Z.E. 40 Q90 Quick Charge 174 112 143
Renault Zoe Z£.E. 40 R90 186 124 155
MNissan Leaf 40 kWh 150 180 170
TeslaS75 214 206 210
Tesla S 75D 235 225 230
Tesla S 100D 347 333 340
Tesla S P10O0OD 306 294 300
Avg. UK Electric Car Range (excl. Tesla) 165 131 149
Avg. UK Electric Car Range (incl. Tesla) 209 182 196

12




Range per Charge

(Tesla, 5 January 2019)

By using the range per charge calculator from the official Tesla website, it can be calculated
by putting in an average UK journey around a town, with the outside temperature being 10
Degrees with the heating on. We would see that the various ranges of the tesla’s electric
vehicles are getting very good mileage. This mileage does not come at a cheap price as the
100D that tesla offers starts at £92,000 before the government grant comes in. For most
people this price tag would never be able to be met. But for somebody who is living in a city
and only uses a vehicle to commute to work and the supermarket, is this range really
needed?

Looking into something more suitable for the urban driver. The Nissan leaf, As voted best
electric car 2018 By auto express.  (Nissan, 2019)

The Nissan leaf gives an impressive 168 miles of a full charge of
battery which is 37% less. This might not seem much when
compared to the Tesla, but when you think that it is over a
quarter of the price less. The Renault leaf gives a great
experience for a driver who is only needed to travel short
distances.

(Nissan, 2019)
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The Zap map above shows the charges which are in use as we speak. This charging map
does not only let you see the charges but tells you the specific charge plug type it uses. It
also tells you if there is any faults with the line and if they are in use.

The map above shows the use of charges in the Swansea community. The reason that this
area has been looked into is because the charging infrastructure was poorer than other built
up communities such as London that there actually wasn’t much charging infrastructure.

When actually looking into this there is more chargers than expected. Which, for a person
who only uses a vehicle to travel local, go short distances and then wants to charge their
vehicle up while at work or shopping, is great.
The Nissan leaf offers a great style car with good boot space and many extras to aid in the
driving experience. Nissan also offer great support by using an app to aid in anything to do
with your electric vehicle making it very user friendly.

(Nissan, 2019)

THE INDISPENSABLE NISSANCONNECT EV APP

ALL YOU NEED TO GO WITH THE FLOW
i — o)

- Create the perfect temperature before you get in.

L
x - Check your range and charging status.
—

- Set the timer to charge your New Nissan LEAF outside peak hours.

o °

- Locate the nearest charging stations.

a B . DISCOVER MORE ABOUT MISSAN INTELLIGENT MOBILITY 3
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3.1 CASE STUDY - RURAL DRIVER

For a rural driver the biggest challenge of an electric vehicle is its range. The range of the
vehicles vary depending on make and drivetrain as mentioned previously in the report. For a
driver who commutes 60 miles a day to work that's 300 miles per week. Again taking
example of the Nissan leaf which’s mile per charge range is around 144 miles (Nissan, 2019).
The main point for this is to reduce the general emissions. With infrastructure, for even a
rural driver, improving vastly is there not a way we could slowly start introducing one
electric car per family?

A rural driver is defined to need to be able to travel a certain mileage without filling up but
for someone who travels under the 144 miles a day, which is very likely, encouraging them
into taking a look into turning electric may well be possible.

On average the Nissan leaf Acenta 110 kW 40 Kwh starts at around £29,635 (Nissan, 2019),
whereas a Diesel Volkswagen golf starts at around £23,310 (Volkswagen, \, 2019).

(Nissan, 2019) _ (Volkswagen, \, 2019)

The difference in cost between the Golf and the Leaf is around £6,325. This might not seem
a lot but if the person does not have any chargers near their home, around their workplace
or even route, this would majorly put them off. However, if they did discover they had
chargers convenient too those, an electric vehicle may just be the solution.

15




3.1.1 RURAL DRIVER - COMPARISON

By using a journey calculator on ZAP-MAP.COM, various details were entered to create
difference comparisons. To start the details of each vehicle were entered. The price used
above was based around the Nissan leaf 40 KwH Acenta Auto and a VW golf 1.6 Diesel 5
Speed.

Below screen shots of the calculator was taken.

“ s Following on from this the next step was then to add

_— . inthe journey details. The price for the electric was
taken from the UK power site where an average of
LEAF "  14.0P was found (UK Power, 2019). Also the Average
diesel costs around 131.1P (The AA Fuel- Prices,
40kWh Acenta Auto -
2019).
Now select a comparison vehicle From this these values were then added to a mileage

“ vetn and frequency of driven route. 60 miles was chosen as
this is an average expect distance.
W

* (ZAP-MAP, 2019)

Golf v
Diesel = 1.6 Litre - Manual S-speed v
1.6 TDI GT 115PS BMT v

Once this values were put in the next step was to calculate the savings. Below this can be
seen.
(ZAP-MAP, 2019)

ENTER MILEAGE PLAN A ROUTE

Enter journey distance 60 mi.
Select journey frequency Daily v
Your home electricity costs (per kWh) 12.59 p
Your diesel costs (per litre) 131.1 p

16




As we can see below the Nissan leaf running cost is massively less than the VW golf. By
taking the average journey cost of the VW and deducting the Leaf running costs we can see
a difference of £1,964 which is huge amount per year. If we take the price difference of
£6,235 and divide the difference into it, the Nissan leaf would pay back this difference in
around 3 years and two months.

NISSAN LEAF VW Golf
View details View details
Vehicle powertrain

Electric Diesel

Journey fuel cost (electricity / diesel)

£2.22 £7.60

Cost per mile

3.7p 12.7p

Total annual fuel costs for your journey

£810 £2,774

Summary

Throughout the report it shows that our electric car market is constantly building. At the
moment we have a sufficient infrastructure for the vehicles that are on our road as we
speak. With leading manufactures introducing most versions of their vehicles in an electric
drive train, there is no doubt that we shouldn’t be moving towards this when looking into
new vehicles. For urban and even rural there are many different benefits for electric
vehicles and within a few years the charging infrastructure will of increased massively. At
the minute even though it might not seem like we have a large charging background but
infect it is sufficient enough for this pointin time,

17
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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
) 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

) 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
) 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

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
) 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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