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Assessing the Carbon Impact of Electric Vehicles

1. Introduction

Motorsport has always been driven by the use and development of the internal combustion engine
for many years. However, due to the Motorsport’s image of high polluting cars, the sport
being seen as a non-essential, extravagant and only accessible to the elites of leading
economies has led to many changes recently in the sport. (Harlow, 2020) The introduction
of full electric and hybrid regulations and championships has become more prominent,
improving the image of the sport enticing manufacturers to continue support the
motorsport industry and overall improving the Green image. Sustainability is also a large
part of the industry of the sport improving to combat its Green image, this advancement of
sustainability is focusing on the carbon impact the industry has including manufacturing,
race event, fans and logistics. (Kimberley, 2020)

2. Carbon Footprint Impact of Motorsport

Motorsport has started employing many different avenues to combat climate change to
reduce the carbon footprint of the Industry. Even know the fact that a qualitative
assessment would place it towards the trivial end of carbon intensive or carbon generative
activities, however motorsport could easily become a high-profile target for negative
publicity and invective surrounding the climate debate. (Harlow, 2020)

2.1 Carbon Offset

Formula 1 has announced plans to be carbon neutral by 2030 along with all race events
becoming sustainable by 2025. This has been pushed by Formula 1’s Governing Body the
FIA, the FIA have been carbon neutral since 1997 and work closely with universities to
precisely monitor the amount of carbon produced by the sport. The aim proposed by
Formula 1 is to eradicate the carbon footprint of race tracks activity to build a greener
image to appeal to sponsors and younger fans whilst contributing to climate change.
Formula 1 knows that it is not possible to zero carbon produced however they plan on
offsetting their emissions, through a combinations of planting trees, using the sports
advanced knowledge in engineering to develop new technologies which can capture carbon
from the atmosphere. Nascar have also been developing carbon offsetting through their
‘Race to Green’ program, this involves planting of tree, creating green spaces at race circuits
and making fans aware of their own carbon footprint and how to reduce it. (Saunders, 2016)
Formula 1 are trying to reduce the carbon emissions of a race event through multiple
methods including eliminating single use plastics, making sure waste is reused, recycled or
reduced, incentives and greener was for fans to travel to events. Formula 1 have also
rearranged the calendar to reduce the air miles used whilst traveling. (Kimberley, 2020;
Collins, 2012)
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2.2 Formula 1

Formula 1’s engine development and advance meant has meant that the thermal efficiency
of a current Formula 1 engine is 50% where as the thermal efficiency of a current
production car is only 30%, Formula 1 are striving to create ‘the worlds first net-zero hybrid
inertial combustion engine’ using their engine thermal efficiency and their ever expanding
development of hybrid systems. The hybrid unit used in Formula 1 ‘is the most efficient in
the work’ this technology developed by Formula 1 teams aids development of electric
production and race cars in the future. (Kimberley, 2020)

2.3 Formula E

Formula E has been awarded the 1ISO 20121 the highest sustainability award events, this is
due to Formula E have one of the lowest Carbon Footprints in all of the worlds international
sporting events. Formula E has gained this standard through the implementation of waste
management, sourcing sustainable suppliers and projects to enhance social involvement
and economic prosperity. (Forfula E, 2019) Formula E has shown this control of their
carbon footprint through there first 3 seasons, in their first season the total carbon footprint
of the championship was 25000 t CO2-eq. (DHL, 2017) Then in their second season the
carbon footprint was half reducing to 12000 t CO2-eq (Formula E Operations Ltd, 2016),
then in their third season the total carbon footprint was 13500 t CO2-eq. The carbon
footprint as larger for season three due to a additional two rounds which were added to the
calendar which when broken down shows a reduction of the carbon footprint per event.
(Formula E Operations Ltd, 2018)

2.4 Extreme E

Extreme E is a rally raid championship being developed to be launched in 2021, the
championship consists of all electric rally raid vehicles which will complete across the globe
with sustainability being the major object to be achieve through out the championships
deployment. The championship has been based largely around the model of Formula E and
follows many of the same approaches with the principles of the championship and the
specification of the vehicle. The championship will however be taking rather different
approaches to decrease its carbon footprint, the championship has purchased a ex-Royal
Mail transport ship which they intend to use for a hub and to transport all vehicles and
equipment. This ship is said to reduce the carbon footprint of logistics operations by a third
in comparison of using flight freight, the organisers are looking at converting the ship to run
on bio-fuel and giant kites to aid with the ship propulsion to reduce its carbon footprint
further. (Pickering, 2020)
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3. Ethics

The production of Lithium lon batteries have many areas which have seen rapid expansion
and demand from industry. Lithium ion is the most popular choice of battery for the
automotive industry including Motorsport. Formula E and Extreme E being an example of
championships enlisting the lithium battery. (Pickering, 2020; Formula E Operations Ltd,
2019) The world production of Lithium ion batteries are predominantly produced in the
united states and China aren’t as green as they could be during manufacturing, ‘In
Argonne’s study almost 60 per cent of the energy was supplied by fuels which means only
40 per cent of the production is affected by the energy mix in electricity.” (Melin, 2019) This
shows how the Carbon footprint of a vehicle may not always be as seen on the surface.
However improvement could be seen if the batteries were produced in Europe CO2 impact
would likely be smaller due to the more prominent use of renewable and nuclear power, in
comparison to the United States and China due to their use of coal and nature gas for
energy production. (Melin, 2019)

Recycling has a potential to reduce the CO2 produced in battery production, this is made
possible by the use of material already extracted and the use of less new raw material.
According to Melin ‘Use of recycled materials can decrease the energy demand in materials
production with 48 per cent.” (Melin, 2019), however this statement is only true if the
recycling process does not exceed the energy gain from battery recycling. Formula E have
taken steps to make a ideal process is in place for the recycling of their batteries by teaming
up with Umicore who offer a complete recycling journey with minimal waste. Lithium ion
batteries have the benefit that they are infinitely recyclable with out losing any of their
properties, using a controlled environment making sure the batteries internals aren’t
exposed to the outside environment, the internals are then made into new recharged
batteries. (Formula E Operations Ltd, 2019)

4. Employment of Current and Planned Electric Vehicle In Motorsport

Motorsport is advancing rapidly with the introduction of fully electric and hybrid vehicles
becoming more prominent in the sport. Currently there are many championship currently
functions and many which are being introduced for fully vehicles. Include the most
recognised Formula E full electric single seater race championship, Corsa E Rally
Championship backed by Opel Motorsport to create a one make fully electric clubman rally
championship, Extreme E a pattern of Formula E to create an all-electric Rally raid
championship, Kreisel are a full electric kit to fit to current World RX rallycross cars for
introduction in 2021. Many Motorsport championships have also introduced or introducing
regulations to their classes, the prominent championship be Formula 1, WEC (World
Endurance Championship) are to launch a Hypercar class for 2020/2021 for a new age of
Hybrid race cars, WRC (World Rally Championship) have released that cars will be Hybrid for
2022, BTCC have announced hybrid systems being introduced for 2022.
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4.1 Formula 1

Formula 1 launched hybrid systems in 2007 with a unit which weight 107kg with a 39%
efficiency, followed by a large step in 2009 where the unit weighted 25.3kg and a efficiency
of 70%.The current hybrid systems weights 20kg and a 96% efficiency. This advancement of
the system show the technologies are constantly being developed to achieve a more
advanced system. (Blackstock, 2019)

4.2 Opel e-Rally Cup

Opel Motorsport have launched the 2020 ADAC Opel e-Rally Cup a one make electric
championship. The Cup will feature Opel’s all electric Corsa-e rally car with a 50KWh
battery, 134 BHP, and 260 Nm of torque. Opel will support the cup with providing charging
systems on events, technical support and parts servicing. (Allan, 2019; ADAC, 2019)

4.3 Extreme E

Extreme E is a rally raid off road series with events held across the globe, the rounds will be
based in areas whichare most at risk of issues caused by climate change. The series will be
point to point races with a combination of off road tracks and open ground, the vehicles will
be a single seater for just the driver as the short length of 10km means a navigator isn’t
necessary. These short distance allows for a high power output competition, the vehicles
will have a total power output of 400KW and four-wheel drive. (Pickering, 2020)

4.4 BTCC

The BTCC (British Touring Car Championship) is a hugely popular and competitive race
championship with racers and fans being at the pinicle of British national motorsport with
30 plus cars. TOCA have decided to introduce hybrid feature for 2022, this is to bring the car
in-line with a road going car which the BTCC have always prided themselves of keeping in
the spirit of. The hybrid system being supplied by Cosworth with delivery through new Xtrac
gearboxes. The hybrid system will provide a addiontial 40bhp which can be used trought a
boost style button which can be applied for 15 seconds when the car is under full traction.
(Hatton, Why is BTCC going hybrid?, 2019)

4.5 World RX

World RX Rallycross will be going to full electric cars during the 2021 seasons, this is to
entise manufactures backing to the sport and improve the capabilities if the current RX cars
as full electric lend itself to rallycorss well. The insintanous torque generated from a electric
motor will benefit the start format where all the cars are lined up level, the short length of
race allows for the system to provide high power instand torque throughout the race.
Rallycorss also boasts a format over a weekend of 4 heats, semi-final and final which allows
for plenty of time for recharge of batteries. The Electric RX cars will see a kit supplied from
Kreisel which will consist of two 250KW motors, 52.65KWh battery with innovative cooling
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system which will produce 680 BHP. (Ridge, 2019; Hatton, Why Electric Rallycross makes
sense, 2019)

4.6 WRC

The WRC (World Rally Championship) have had confirmation that for regulations cycle for
2020 hybrid technology will have to be introduced into the cars. The 2020 hybrid will consist
of a hybrid unit which can be used on road sections mainly in cities and for boost during
power stages. However the FIA have confirmed they plan to introduce hybrid technology
into the cars competition performance in the 2025 regulations.

4.7 WEC

The WEC (World Endurance Championship) have had hybrid cars compete previously
however they created a new class- Hypercar to replace the current LMP1, with both running
in 2020/2021 and then taken over by the Hypercar cars. The hypercar regulations have been
produced to encourage manufactures to back the championship with tightly regulated
development of their hybrid systems. However a balance of performance is planned to be
used to make sure teams don’t a large advantage against other competitors. The BOB will

consider power, weight, aero, torque curves, power delivery from the hybrid unit. (Cotton,
2019)

4.8 Formula E

Formula E have been the forefront of Electric Race series, the series have built over the past
4 seasons a sustainable championship with development of electric drivetrain and battery
technology being their main focus along with sustainability of the championship. Formula
E's Gen 2 car batteries have doubled in power, whereas when the championship started two
cars were required to complete a race as the batteries could not last a full race. Formula E
have now implemented price cap for the 2018/19 season to make the championship more
accessible for private teams to compete with the powertrains price capped. (Mitchell, 2018;
Skeete, 2019)

5. Costs

Electrification of Motorsport has advanced greatly in resent years, this has lead to the
reduction in price of vehicles and conponents however the cost of these items still remains
expensive. The price of electrical systems means that there are only few high profile series
which are using Electric power cars, however they have recently been opportunities which
showcase electric motorsport at affordable prices allowing the diversity of electric vehiles to
be spread across differtent levels of the sport.
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5.1 Formula E

Formula E is seen to be the pinicle of fully electric professional motorsport, this prestige and
profile does inccure costs hower the organising body have implemented regulation to
control the cost to benefit the championship and its future. FE are committed to protecing
smaller teams whilst manufacture teams still remain heavily involved in the championship,
the FIA have revealed revised regulations which provides break down of cost, caps to certain
aspects of the championship and the opportunity for independent teams to purchase
components from manufactures. A ready to race formula E car should not exceed 817,300
Euros and powertrains are capped at 250,000 Euros. A chassis and battery is available to be
purchase for between 200,000 and 299,600 Euros. This new prices which have been
introduced are part of a commitment to keep costs from escalating, the major change is
teams will own the individual cars instead of leasing them, meaning total cost are now lower
than before. (Mitchell, 2018)

The greatest saving for the 2018/19 season was due to teams only needing to purchase half
the the number of batteries, powertrain and chassis as only one car is needed for a race as
development has allowed for the cars to handle more power and last twice as long. There
are increase costs to the powertrain due to this development but these are off set throught
ony need to purchase one car. The total powetrian cost for 2017/18 season was 600,000
Euros in total, however for the 2018/19 season the price dropped to 500,000 Euros, due to
only half the amount of cars needed to be purchased. (Mitchell, 2018)

5.2 Opel Corsa-e Rally Car

Opel Motorsport have developed the Corsa-e rally car to form a single make rally cup which
will allow for all electric rallying to be a stepping stone in developing young talent which the
Cup is Aimed at. (ADAC, 2019) The Corsa-e rally car is based on the production Corsa-e car,
basing the rally car around a road car allows for many benefits including cost. A production
Corsa-e costs £26,490 where as the Corsa-e rally car will cost sub of £46,000. This increase
of £20,000 to purchase a factory built rally car is a well respected price, this is due to the
rally car retsining many components of the Corsa-e production car including the battery,
electric motor and numerous other components. The aim of Opel in to keep a tight control
of the cost of the car to make it apprealing to a wider audence of more clubman
motorsport. Corsa-e’s pricing for a fully electric motorsport chapionship is a fraction of that
other championships like Formula E. (ADAC, 2019; Allan, 2019)
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6. Conclusion

Electric motorsport is a ever growing part of the motorsport industry and doesn’t seem to
being making a decline in future years instead it looks to be the centre of attention for
development of new technologies. Formula E have shown how a professional level
championship can gain global presence and support, the formula has been backed by
manufactures developing the cars to evolve electric drive technology. However Formula E’s
professional level of motorsport allows for many benefits, more fans take a greater interest
in the championship and their work with electric vehicles, and driver development into
championship such as F1 is much more accessible. (Skeete, 2019) Opel Motorsport
launching their new fully electric rally cup offers a clubman level approach to electric
motorsport which is more accessible. This is due mainly by their chose of modifying a
production car with the support of a major manufacturer. This concept taken on by Opel
could make more Hybrid or Fully electric vehicles to be used in clubman lower level
motorsport. (Allan, 2019)

Manufacturers have always been involved in motorsport and still are with many teams
backed by a manufacture. Manufacturers have always left and come back to motorsport
many times, however a new era of hybrid and electric motorsport has enticed
manufacturers to back motorsport development again where they may not of been involved
with a internal combustion project. This backing from manufacturers allows for greater
development and advancement of technologies. (Mitchell, 2018) New championship also
have a better chance of being introduced if back by a manufacturer.

The carbon footprint of motorsport has already has many positive changes made in its
reduction. Formula E has received the ISO 20121 the highest sustainability award for
sporting events, this a great step in the sustainability of the motorsport and sport industries.
(Formula E , 2019) Formula 1 have introduced radicle plans which intend to reduce its total
carbon footprint and increasing its sustainability of manufacturing, events, fans and
logistics. (Mitchell, 2018) NASCAR campaign also followers a similar path with introduction
of Carbon off-setting and Green climate change education for fans. (Saunders, 2016) These
championship have the key role for setting a image of a role model for the rest of the
industry to follow in a campaign for carbon footprint reduction.
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approaches to problem-solving in particular contexts and proposes mostly appropriate
solutions.

A very good application of a range of basic methods, materials, tools and/or 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.

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 levels of application and deployment skills in particular practical contexts.
Outstanding identification of problems in particular contexts and formulation of wholly
appropriate, thoughtful solutions / different approaches.

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%
©)

UNSATISFACTORY
30-39%
©)

SATISFACTORY 40-
49%
©)

GOOD 50-59%
(0)

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.

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

Mostly ordered presentation and structure in which relevant ideas / concepts are
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.

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



VERY GOOD 60-69%
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EXCELLENT 70-79%
©)

EXCEPTIONAL 80-
100%
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weakness.

Work is accurate, coherent, fluent, well-structured and organised. Can work 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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