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Abbreviation | Meaning

GHG Greenhouse Gases

CcO2 Carbon Dioxide

CO2e Carbon Dioxide equivalent (equivalent CO2 of a EV)
EV Electric Vehicle

ICE Internal Combustion Engine

ICV Internal Combustion Vehicle

BEV Battery Electric Vehicle

PHEV Plug-in Hybrid Electric Vehicle

02 Oxygen

MtCO2e Metric Tons of Carbon Dioxide equivalent
PEV Plug-in Electric Vehicle

HEV Hybrid Electric Vehicle

Table 1: Abbreviations




2. Introduction

This reports consists of the critical analysis of an EV compared to an ICV over the course of its
lifecycle in the automotive sector. The reasoning for this increased usage of EVs in society is
discussed with relevance to the report as effect analysis in rural and urban areas now and in the future.
The vehicle lifecycle analysis covers every aspect from manufacturing, collection and refining of raw
materials to the disposal and recycling at the end life. The areas discussed during the lifecycle include
the environmental impacts, ethical impacts, infrastructure and economic impacts compared in general.

The Analysis gives further discussions to points raised during the research and gives brief
comparators and overviews to ICV counterpart and how this would change in the future. A conclusion
of all the factors are considered in the report to come to a verdict of whether EVs are an effective
alternative to ICVs.




3. Research

Why EVs are bei t omotive sector?

EVs are becoming ever more prevalent in the world due to the reduction in transportation emissions
over traditional ICVs that produce GHG and hence causing global warming. The legislation targeted
to reduce global warming linked to emissions in the transport sector can be linked to the Paris
Agreement 2015 (UNFCCC, 2020) among others. However the deployment of EVs has an impact on
various areas both positively and negatively. This is not just during owning and driving but also
during manufacturing and disposal. The following information investigates the lifecycle of EVs
compared to ICV counterparts.

3.1 Environmental Impacts (CO2 Benefits)

As previously mentioned the Paris Agreement 2015 aims to reduce global warming by “Pursuing
efforts to limit the temperature increase to 1.5°C above pre-industrial levels, recognizing that this
would significantly reduce the risks and impacts of climate change” (UN, 2015). As part of this
agreement “All Parties should strive to formulate and communicate long-term low greenhouse gas
emission development strategies” (UN,2015). The UK being a Party in this agreement has a couple
reports and strategies on reducing CO2 in the transport sector such as “Reducing UK Emissions,
2018'"™ and “The Road to Zero, 2018/

An extract from “Reducing UK Emission™ (CCC, 2018) states “Domestic transport greenhouse gas
emissions are provisionally estimated to be 126 MtCO2e in 2017. Transport continues to be the
largest-emitting sector in the UK, accounting for 28% of total GHG emissions”. A breakdown of the
2016 transport GHG emissions made up 27% of UK of which cars provided 15% as seen below
(Figure 1).
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Figure 1, Breakdown of transport emissions, sourced from CCC, 2018 (figure 5.1)

[1] (CCC.2018)
[2] (DFT.2018)




Hence from the information seen in figure 1 it can be said to meet the targets outlined the UK would
predominantly focus on reducing GHG from cars. EVs don’t produce tailpipe emissions therefore are
the desired choice to reduce CO2 emission in the transport sector.

However in reality EVs run on electricity and the source of the electricity and the process of its
production can come from fossil fuels (Coal, Oil, Gas and imported) hence creating GHG. Locality
has a bearing on the type of process used to generate electricity and hence the GHG. For example the
figure below (figure 2) shows PEV’s gCOseq mi™' (Equivalent CO2 in grams per mile) compared to
ICVs in America.
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Figure 2. Estimated difference in life cycle GHG emissions (00 ,eq mi ') of selected plug-in electric vehicles (2013 Nissan Leaf BEV,
2013 Chevrolet Volt PHEV, and 2013 Prius PHEV) relative to selected gasoline vehicles (2010 Prius HEV and 2014 Mazda 3). In each

case blue indicates that the PEV has lower GHG emissions than the gasoline vehicle and red indicates that the PEV has higher GHG
emissions than the gasoline vehicle.

Figure 2, PEVs CO2e compared to ICVs in America, sourced Yuksel T. et al, 2016.

As seen in figure 2 a common trend is that PEVs charged in central northemn areas are higher emitting
CO2 per mile travelled compared to an ICV. Therefore an EV can produce more CO2e compared to
ICVs, however it depends of the area in which it’s charged. In the Case of the UK electrical
production to the grid is made of a collection of resources as seen in figure 3.
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Fig. 8. Monthly average share of generation from conventional and renewable sources.

Figure 3, sources of UK grid electricity and breakdown of renewables over time, sourced Staffell, 2017

Figure 3 shows that over the last few years the UK has increased the output from renewables to 20%
in 2016 compared to 5 9% in 2009. This doesn’t account the Nuclear power which in the report
(Staffell, 2017) is outlined as “Zero-carbon™ however this can be debatable (EIA, 2020). In addition to
the reduced energy supply from non-renewables is a recent report expressing that the UK is now
*55% renewable” and heading to “fossil fuel free by 2025 (Staffell, 2019). As well as Britain
achieving two weeks without coal power (BBC, 2019). However the benefits from renewables
described will only benefit EVs being charged in UK.

Manufacturing the batteries takes place predominantly in China, South Korea and Japan where the
main source of electrical power to create the batteries is coal. “Electricity generation remains
dependent on coal and other polluting sources of power. This means that, while electric vehicles are
essential for shifting away from fossil fuels and reducing greenhouse gas emissions, more needs to be
done to reduce the carbon footprint within the manufacturing phase.” (Amnesty International, 2019)

This means during the battery production there is more pollutant energy used to create the batteries,
however this is normally offset in the first year of running an EV according to Nealer , et al. (2015),
“For a midsize 84-mile-range BEV, on average, the extra manufacturing emissions are offset within
4,900 miles, or in less than six months. "

In addition the recycling of batteries has changed over the years not only becoming more eco-friendly
by using renewable energy such as the Tesla Gigafactory (Tesla, 2020) but also less wasteful with
Audi and Umicore announcing 90% of recyclable cobalt and nickel (Umicore, 2019).

3.2 Ethical Impacts

The areas in which the raw materials are mined for the use in battery technology used in EVs are
facing humanitarian abuse, scaring of landscape and destruction of biodiversity. As seen in extracts
below.

“Cobalt, used in the most common battery chemistries for EVs and stationary electricity storage, is
mined in the Democratic Republic of Congo (DRC), a country struggling to recover from years of
armed conflict. There, women and sometimes children often work in or around mines for less pay or
status than their male and adult counterparts, without basic safety equipment. Owing to a lack of
preventative strategies and measures such as drilling with water and proper exhaust ventilation,
many cobalt miners have extremely high levels of toxic metals in their body and are at risk of
developing respiratory illness, heart disease, or cancer” (Sovacool, et al., 2020)




“...Dust containing cobalt can result in a potentially fatal lung disease,
Respiratory sensitization, asthma, shortness of breath, and decreased pulmonary function and
dermatitis” (Amnesty International , 2016)

These miners are in conditions unfit to work, however conditions are being improved by
organisations such as the Cobalt Institute (CI, 2020) which is working with companies and workers to
provide mandatory economic, health, safety, welfare and social benefits to workers in DRC. Also
Blockchain project works with companies to track the supplies of raw materials to build connections
to prevent the abuse of workers and violating human rights. (Lewis, 2019)

The land rich with Lithium is treated by chemicals and pumped with water which makes processing
the raw material for batteries easier however reduces water supplies in surrounding areas for crop
growth for farming which is required as the areas in which the raw materials are mined are third world
countries. “Mining for lithium, used in batteries, has been criticized in Chile for depleting local
groundwater resources across the Atacama Desert, destroying fragile ecosystems, and converting
meadows and lagoons into salt flats.” (Sovacool, et al., 2020)

As seen in E and T (2019) these ethical issues with lithium mining in Chile are getting worst.

Biodiversity is being threatened as expressed by Amnesty International (2019) “rising demand for
minerals like cobalt, manganese and lithium has led to a surge in interest in deep-sea mining, which
studies predict will have serious and irreversible impacts on biodiversity”. However as previously
mentioned battery recycling with Tesla and Audi with Umicore the near to extract more raw material
will soon drop as batteries become more recyclable.

3.3 Infrastructure

ICE vehicle infrastructure is well established. The EV infrastructure in terms of access to electricity
has developed loads since its genesis. Dedicated EV stations and including fast and rapid stations can
be founds all around the UK as seen on ZAP-MAP (2020). However these chargers can impose
threats to pedestrians as trip hazards from trailing cables. The article by the Guardian (2020) goes on
to review issues consisting owning an EV in an urban area such as parking in the near vicinity of a
charger (as parking in general is difficult in urban areas), leading to the use of large cables causing
trip hazards. The article also outlines the fines that can be given to EVs for these issues and the
resistance from residents losing a parking spot to a EV charging bay. In other cases are very much
widespread rural areas with limited to no access to chargers such as Wales and Scotland (as seen on
ZAP-MAP). In both rural and urban areas EVs have been criticized for lack of sound. This is due to
the audible warming that an ICE generates gives pedestrians awareness of the vehicle, unlike the EVs.
The article (previously mentioned) discusses the implementation of “Sound Generators™ on to all
EVs.

3.4 Economic Impacts
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Figure 4, Sales of EVs in Europe monthly from 2017 to 2019, Irle 2019




Sales of EV cars have grown year on year and current predictions shows “Potential global market size
of between £1.0Tn and £2.0Tn per year in 2030 and £3.6Tn and £7.6Tn per year in 2050 " (Haydock
H. et al, 2016). This shows that the potential

EVs along with ICE vehicles have to be manufactured and this process is different for manufactures
when it comes to batteries. The production emissions of the cars are largely affected by the battery
and propulsion system (EV- motors, ICE vehicle- engine). Mining for raw materials used in batteries
is highly pollutant process creating GHG and uninhabitable land from harsh chemicals. Tesla has
shifted production to using a predominantly cobalt battery hence therefore




4. Conclusion

In terms of environmental impacts of EVs the emissions produced indirectly are general getting better
as the running usage of electricity is becoming greening in the future and manufacturing emissions is
normally offset within the first year of ownership of an EV compared to an ICV. In comparison the
general CO2 saved by not using fossil fuels is very beneficial as well as the recycling of the raw
material becoming more greener and less wasteful reducing the need to mine more material, further
reducing GHG.

Ethically the situation of battery manufactures are not ethically stable as recent articles have shown.
With poor working conditions and pay for miners however the Cobalt institute and Blockchain among
others are coming together to improve the likes of social connections between workers and
manufacturers and working conditions. The landscape of Lithium mining in Chile is not

The Infrastructure has slowly improved since the boom of popularity of EVs since the launch of the
reasonably prices Tesla Model 3. Charging stations are developing not only in to homes and
lampposts but also in to wireless technology mitigating the lack of EV parking and use for cables
some consider trip hazards.

The Cost overall seems to show that the technological advancement costs are outweighed by the
potential gain from a industry predicted to be worth in excess of £3.6Tn by 2030. The UK can gain
Financial from this with more EV companies starting up.

Overall EVs have shown that in all environmental, Infrastructure and cost the strengths outweigh the
weaknesses. However the ethical side of the manufacturing of the EVs battery require a large
improvement for the future of EV creation and an effective alternative to ICVs. The future for EV
sees a great Source of development and gain in terms of financial business and technological
advancements.
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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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