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As the world continues to grapple with the consequences of climate change, the transportation sector has emerged as a significant contributor to global carbon emissions. In the UK, transportation accounts for around 24% of total carbon emissions, with cars and taxis alone accounting for a large proportion of transport emissions (Department for Business, Energy & Industrial Strategy, 2022). The UK government has developed several regulations and programmes targeted at increasing the effectiveness and sustainability of vehicle energy carriers as a result of its recognition of the urgent need to address these emissions.
The UK's Clean Growth Strategy, launched in 2017, sets out the government's plan to achieve a low-carbon future, including a goal to phase out the sale of new conventional petrol and diesel cars and vans by 2040 (HM Government, 2017), which has since been altered to 2030 as of November 2020. In addition, the UK has committed to achieving net-zero carbon emissions by 2050, a target that will require a significant transition to sustainable energy carriers in the transportation sector.
The UK government has implemented several policies and efforts to assist the development and adoption of sustainable energy carriers in order to meet these lofty targets. These include the Plug-in Car Grant, which provides financial incentives for the purchase of low-emission vehicles, and the Renewable Transport Fuel Obligation, which requires transport fuel suppliers to include a certain percentage of renewable fuels in their products.
However, the transition to sustainable energy carriers presents significant challenges for the automotive industry. For instance, the development and acceptance of new technologies like electric automobiles and hydrogen fuel cell vehicles necessitate substantial research and development investment as well as modifications to the current infrastructure. In addition, there are concerns around the availability and cost of sustainable energy carriers and their impact on the wider economy.
Despite these challenges, the transition to sustainable energy carriers presents significant opportunities for the automotive industry. The shift towards electric vehicles, for example, presents an opportunity for UK-based manufacturers to become leaders in the development and production of electric vehicle technology. In addition, the transition to sustainable energy carriers presents an opportunity to produce new jobs and stimulate economic growth in the UK.
This technical report aims to provide a comprehensive analysis of the current and future UK legislation for improving the efficiency and sustainability of automotive energy carriers. This research will provide insights into the difficulties and opportunities presented by the switch to sustainable energy carriers in the automobile industry by analysing the important policies and initiatives put forth by the UK government. 
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[bookmark: _Toc131365053]2.1 Euro Regulations
Emission regulations initially made an appearance in the year 2009; before this period, dating back to 1996, the European Commission began its attempt to reduce carbon emission by putting forward their strategic plan. Automotive manufacturers followed through voluntarily, however since the agreement did not deliver the expected results for carbon dioxide reduction, the European Commission implemented mandatory regulations which were firstly published in 2009 and had been phased in by 2012 (Department for Transport, 2021a).
The first mandatory euro emissions legislation established was Euro 5 under regulation number 715/2007 (European Parliament, 2007) which consisted of limited exhaust emission outputs separately for petrol and diesel engines for carbon monoxide (CO), nitrogen oxides (NOx) and particulate matter (PM).
NOx emissions contribute to the formation of smog and can have negative health impacts, including respiratory problems and heart disease. The Euro 5 standard requires that new diesel engines emit no more than 180 milligrams of NOx per kilometre, which is a significant reduction from the previous Euro 4 expectation.
Since PM is the creation of tiny particles of soot emissions and other materials, blatantly it can cause respiratory problems and is a major contributor to air pollution in urban areas. Euro 5 requires that new diesel engines emit no more than 5 milligrams of PM per kilometre, and new petrol engines emit no more than 4.5 milligrams of PM per kilometre.
In addition to these specific limits on pollutants, Euro 5 also requires that new vehicles be equipped with on-board diagnostic (OBD) systems. These systems help to ensure that vehicles stay in compliance with the emission requirements over the course of their lifetime by monitoring emissions and warning drivers if there is an issue within the system. Euro 5 also includes requirements for evaporative emissions, which are emissions that come from fuel evaporation. These emissions, which can contribute to smog and other types of air pollution, must fulfil specific standards for new cars. Diesel vehicles must also be fitted with a particulate filter, which helps to reduce PM emissions.
Since this period there have been a few more revisions of the emission regulations; updates were made to euro 5 and then euro 6 is now on the second revision with euro 7 due to take effect in 2025. The main difference between the revisions is the amount of emissions permitted to emit the exhaust by any car leaving the factory.
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[bookmark: _Toc131365055]2.2.1 The Clean Air Act 1993
The Clean Air Act was introduced in the UK aiming to improve the ait quality. The act lays out regulations and requirements for air pollution caused by all sectors, ranging from domestic to industrial. The objective from this act was to reduce polluting emissions such as sulphur dioxide, nitrogen oxides and particulate matter, of which are known to have negative effects on the environment and human health: limits are enforced on the volume of mentioned pollutants that are permitted to be emitted, while businesses and individuals are required to take measures to reduce their emissions.
The act provided the framework to establish a network of local air quality management areas, designated by local authorities for areas containing the higher levels of air pollution. These areas are required to develop action plans to improve air quality, which may include measures such as traffic management schemes, promoting sustainable transport, and encouraging the use of cleaner fuels and technologies.
Local governments and councils across the UK also have the responsibility to monitor air quality and report on the progress toward meeting the air quality targets. Reports are to be made to the European Commission, though they are also made public, allowing individuals to understand the air quality in their local areas.
This legislation benefits the larger community across the UK as air quality is ensured to be looked after by the Government, prioritising public health, the economy and protection of natural resources such as forestry and lakes.
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The highlight of this policy is to promote energy efficiency and the development of renewable energy resources. This act contains many key measures to achieve a low-carbon economy, putting attention toward the use of energy in everyday activities and assisting civilians to minimising their energy consumption on a wider scale.
One of the measures mentioned would be the renewable energy subsidies, of which introduced the Contracts for Difference (CfD) scheme (Energy Act 2013). The financial incentives encourage companies to invest in renewable energy infrastructure to assist the UK in meeting its renewable energy goals, while providing financial support to renewable energy producers, assisting their competition against fossil fuel-based energy supply.
The Feed-in Tariff scheme (FIT) was also amended in this version of the act to provide larger financial incentive to households and businesses that generated renewable energy themselves. Initially found in part 2 of the legislation (Energy Act 2008), this scheme encourages the deployment of small-scale renewable energy generators, such as solar panel or wind turbines, to the public. Eligible generators conveniently paid for the electricity they produced, plus any surplus energy which was provided to the national grid: tariff rates were set to a reasonable level which encouraged consumers to invest by providing a reasonable return on their investment. The amendment of the financial incentive brought in from the legislation (Energy Act 2013) aims to further increase the popularity of personal scale renewable energy sources.

[bookmark: _Toc131365057]2.3 Sustainable Development Goals
A global framework adopted by the United Nations back in 2015: the goals aim to end poverty, protect the planet and ensure peace and prosperity for all (Department of Economic and Social Affairs, 2015). Derived of 17 essential goals and 169 targets, the Sustainable Development Goals (SDGs) cover numerous worldwide issues, ranging from poverty, hunger and health to affordable and clean energy, and economic growth. 
SDGs are designed to be adopted by all countries and stakeholders, including Governments, through the hierarchy to individuals alike. As the UK is a front-runner for achieving sustainability, the Government has integrated them not its policy and decision processes. 
The UK published its last Voluntary National Review (VNR) back in 2019; some highlighted areas show that despite the reduction of greenhouse gas emissions, the country is not yet on target to reach expectations set in the 2015 Paris Agreement.: it was highlighted that a more ambitious approach should be taken to tackle climate change (HM Government, 2019).
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As previously mentioned, the use of the cars and taxis are the primary cause of harmful emissions within the transportation sector. Out of the 40 million vehicles on UK roads, 35 million of those are cars (SMMT Vehicle Data, 2022) and these count toward 55% of all greenhouse gas emissions developed from the transport sector (Department for Transport, 2021b).
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Since the pandemic back in 2020, car sales evidently decreased by 29.4% for that year (Carlier, 2022), however car sales have been steadily on the rise since. In the month of February 2023, total car sales are up 26.2% against the previous month, with a total of 74,441 new car registrations (SMMT Media Centre, 2023). Of these new registrations, the most popular fuel type by a significant margin is petrol, followed by battery electric vehicles (BEV) and mild hybrid electric vehicles (MHEV). Despite petrol vehicles still dominating the new car market, hybrid electric vehicles (HEV) show a dominance in their own respect as, compared to the previous year, the demand has increased most significantly by 40%.
On the other end, diesel cars have had a reduction in demand as the year-on-year difference is -14.6%, with a market share of less than 5%. This is promising for the Government as the phase out of diesel vehicles seems to have effect on the UK already. Demand reduction could be due to numerous factors such as an increase in fuel prices, however the Department for Transport (2022) statistics show that the average annual mileage for any vehicle has been consistently declining over the past two decades, refer to figure 1, resulting in consumers not needing the few extra miles per gallon that a diesel engine can typically have over any petrol engine.

Figure 1 - Annual Mileage (Department for Transport, 2022)
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3.2.1 Ethanol Blending
The innovation of new fuels is somewhat key to the development of a cleaner and more sustainable environment. Development was established initially, back in the 1970’s when concern was raised for human health and the environmental impact the fuel at that time caused (Unted Nations Environment Programme, 2017). Common practise in this era was to add lead to the fuel to boost engine performance, however it wasn’t until the ‘70s that the detrimental impact the emissions of the fuel additive caused was recognised. Japan became the first country to begin the sale of unleaded petrol in 1972, alongside implementing a ban on leaded fuel 14 years later (Culmer, 2017). Within 1986, the UK had just begun the sale of unleaded fuel in a bid to prevent the damage emissions caused from the previous fuel type, and by 1986 it had a market share of just over 10% of all petrol filling stations. 
Initially, there were some difficulties with customers using the new unleaded fuel; since the cars of the older generation were designed to suit leaded fuel, certain manufacturers had to redesign engines in order to adapt to the change in fuel whereas other only had to alter the ignition timing on specific cars.
In more recent years, the UK Government took further action on the fuel available for vehicles by altering the alcohol content in the petrol sold, through the introduction of the Motor Fuel and Biofuel Regulations (2021). E5 had been a standard choice across the cheaper and more expensive price range at any filling station, the only comparative difference being octane numbers. 2021 saw the introduction of E10 petrol at petrol stations nationwide, while still offering the more premium E5 alternative. E5 and E10 are essentially biofuels, as they are a form of liquid petroleum which has either a limit of up to 5% or 10% ethanol content: the biofuel element being the ethanol as it is derived from the likes of sugar cane or starch. According to the news story published on the Government website (Department of Transport, 2021a), the introduction of E10 should effectively have the same result as taking 350,000 cars off the road, in terms of carbon dioxide reduction. Unfortunately, the Government has not released any reports on the effectiveness of this change yet.
Alternatively, there are other fuel options the Government have, and could equally release to the public with no real issues for compatibility. The main drawback is the price of this fuel. Aspen 4 is an alkylate petrol without any oil content. Rather than being the product of the refinery process and containing hundreds or harmful chemicals, alkylate is produced synthetically using the pure gases that are emitted from the refinement of crude oil (Aspen, 2020). The result of this is a form of petrol with far less hazard chemicals and is a much better alternative to the current E5 or E10 petrol’s. Some variables compared against standard E10 petrol consist of a third less sulphur particles per million (ppm) and up to 0.5% aromatic hydrocarbons against the more significant 35%. The volume of aromatic hydrocarbons serves the largest resolution to the reduction in carbon dioxide as there s significantly less carbon to react with oxygen in the combustion chamber to begin with.
[bookmark: _Toc131365061]4. Current & Motorsport Developments
4.1 Fuel
MotoGP is currently the most proactive championship to be working toward a more economic and sustainable environment. The FIM currently have regulations in place that dictate by 2024 fuel used in all MotoGP classes must contain a minimum of 40% of non-fossil origin resources and then in 2027 the fuel must be 100% non-fossil origin (FIM Environmental Code, 2022). 
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An incentive the government could implement to regulate the volume of emissions larger scale businesses produce could be monitored through a carbon pricing scheme. The scheme would devise a set figure per ‘x’ volume of emissions emitted and could be specified to different emission types. An example of this would be higher pricing for nitrogen oxides as these are more harmful to human health and the environment, with a lower fee for carbon dioxide emissions, by the volume/mass as this is less harmful but likely produced in a much more vast quantity.
Raising public awareness is a crucial element to any successful sustainability strategy. In this case, the UK Government could implement a form of legislation to encourage the development of sustainable finance options, such as green bonds. The teaching and understanding of green bonds and their importance could then be encouraged through the education system, awareness campaigns or collaborations with private company to spread awareness and increase the popularity of conducting business in a sustainable manner.
Circular economy is also a viable option for the government; it is a model consisting of the aim to minimise waste and maximise the efficient use of resources. In this model, resources are kept in use for as long as feasible and waste is reused in any application possible. This will therefore encourage production to use resources as efficiently as possible where products are designed to be durable, repairable and recyclable, allowing for a life-long lasting circle of seeing the same product never deteriorate. This also forces the government, businesses and consumers alike to collaborate to share expertise and resources. This is also seen through topographical optimisation.

[bookmark: _Toc131365063]6. Conclusion
It is believed that with all the developments currently being made in the UK, the Government are on track to do good with the sustainability factors that lay in the automotive sector, however action needs to be taken sooner. There are also some areas of improvement such as the fuel industry. Motorsports have proven that sustainable fuel is achievable and have better developments than the governments idea of replacing internal combustion engines with BEVs which have inherent sustainability issues, without mentioning the detrimental effects they have on the environment through production.
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