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[bookmark: _Toc131264922]Introduction
The world is currently facing significant challenges related to energy, including the depletion of fossil fuels, environmental pollution, and climate change. To address these challenges, many countries have adopted policies and legislation to promote the use of cleaner and more sustainable energy sources, including renewable energy and alternative energy carriers. In recent years, there has been a growing interest in the use of energy carriers, such as hydrogen, biofuels, and synthetic fuels, as a means of decarbonizing the transportation sector. However, there are still many practical challenges associated with the widespread adoption of these energy carriers, including infrastructure development, cost, and energy efficiency. This paper will explore the use of energy carriers in the context of current legislation and practicality concerns, examining the potential benefits and challenges of these technologies, and discussing strategies for promoting their adoption on a larger scale.
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The Welsh Government has made several improvements to the nation's transportation infrastructure. One such programme that was started in 2021 is the Southwest Wales Transport Consortium (SWWTC). In the Southwest Wales region, the SWWTC seeks to enhance transportation options and build a more integrated, sustainable transportation network (Welsh Government, 2021a).
The Southwest Wales Corporate Joint Committee Rules 2021 have also been introduced, allowing the SWWTC ideas to be put into practise. The regulations outline the powers of local authorities in connection to the Joint Committee as well as the creation of the Joint Committee and its roles. The Joint Committee will be crucial in carrying out the transportation recommendations made by the SWWTC (Welsh Government, 2021b).
A variety of initiatives and programmes to lower carbon emissions in the transportation industry have also been released by the UK government. The government's aim for a better, safer, and more dependable transportation system is laid forth in the Future of Mobility strategy. The plan aims to lessen carbon emissions, enhance air quality, and promote the growth of new technology (UK Government, 2019).
Similar to this, the policy paper Decarbonising Transport: A Better, Greener Britain outlines the government's goals for lowering UK transportation emissions. The plan outlines initiatives including funding more environmentally friendly public transportation, encouraging bicycling and walking, and aiding the development of low-emission automobiles (UK Government, 2021a).
These rules and tactics have a considerable impact on the UK fleet and transportation system. According to the Transport Statistics Great Britain 2021 report, the rise in electric and hybrid vehicles has contributed significantly to a 4% decline in greenhouse gas emissions from road transportation since 2019. (UK Government, 2021b). A zero-emission vehicle (ZEV) requirement has also been proposed by the government, which would require that by 2030, a specific proportion of new car and van sales be zero-emission cars. The adoption of electric and other low-emission vehicles would be aided by this (UK Government, 2022a).
In Wales, the government's long-term goal for the nation's transportation system is outlined in the Transport for Wales (TfW) corporate strategy. The policy emphasises enhancing connectivity, fostering economic expansion, and encouraging environmentally friendly transportation solutions. The development of active travel infrastructure, the electrification of the rail network, and the introduction of new trains and buses are important steps (Transport for Wales, 2022).
These activities and policies have an effect beyond just the transportation industry. The Road Freight Statistics report demonstrates the importance of the freight industry to the economy by revealing a 2% increase in the number of domestic road freight movements between October 2021 and September 2022. (UK Government, 2022b). By reducing the number of cars on the roads and increasing space for walking and cycling, Transport for London's Streetspace financing project seeks to improve city life (Transport for London, n.d.).
In conclusion, the Welsh government has made substantial advancements in the nation's transportation infrastructure. Important projects that will contribute to the development of a more integrated and sustainable transportation system in the Southwest Wales region include the SWWTC and the South West Wales Corporate Joint Committee Rules 2021. The UK fleet and transportation network will be significantly impacted by the UK government's policies and plans to reduce carbon emissions in the transportation sector, supporting the use of low-emission vehicles and promoting sustainable transportation options. Another illustration of the government's dedication to enhancing connectivity and supporting sustainable transportation options in the UK is the Streetspace funding programme and the corporate plan for Transport for Wales.
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To meet sustainability and environmental goals, the automotive sector is always studying and creating new technology. One business that prioritises sustainability is BMW, which wants to have a carbon-neutral production network in place by 2021. (BMW Group, n.d.). The business uses cutting-edge manufacturing techniques to lessen its impact on the environment, such as waterless painting technology that uses up to 90% less water than traditional paint shops (BMW Group, n.d.).
Using recycled materials is another area of innovation for the automotive industry. Ford, for instance, recycles more than 1.2 billion plastic bottles annually to make auto parts, such as wheel liners and underbody shields for their F-Series trucks (CNBC, 2019). By doing so, they can produce less plastic waste and increase the sustainability of their production methods.
Another key area of the automotive industry's sustainability initiatives is the development of electric cars (EVs). According to the Global EV Outlook 2021 report from the International Energy Agency, 145 million EVs are anticipated to be in use worldwide by 2030. (IEA, 2021). This switch to electric vehicles will lessen greenhouse gas emissions and enhance air quality.
The car industry is investigating the possibility of autonomous driving technologies in addition to EVs. According to a McKinsey & Company analysis, autonomous driving could increase fuel economy by up to 20% while cutting CO2 emissions by up to 60%. (McKinsey & Company, 2018). Also, this technology might contribute to lessening traffic congestion and enhancing road safety.
In conclusion, the automobile sector is always investigating and creating cutting-edge technology in order to meet sustainability and environmental goals. The auto industry is making attempts to be more sustainable, as seen by BMW's waterless painting technique, Ford's use of recycled materials, the growing uptake of EVs, and the promise of autonomous driving technology.
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One of the main sources of greenhouse gas emissions, which cause climate change and global warming, is the transportation sector. It is necessary to switch to cleaner and more sustainable energy sources for transportation in order to lessen this issue. Due to its ability to lower emissions and increase energy efficiency, electric powertrain is one of the choices that has become more well-liked. The operating and efficiency levels, emissions, performance, and energy outputs that are possible for electric powertrain will all be critically examined in this article as an alternative energy carrier.
An electric motor, a battery, and a power management system make up the electric powertrain. The electric motor propels the car by converting electrical energy from the battery to mechanical energy. The electric motor's battery stores its electrical energy. The electric motor's energy supply is controlled by the power control unit. The efficiency of an electric powertrain can reach up to 90%, compared to 20–25% for conventional internal combustion engines (ICEs), according to a report on EVs from the International Energy Agency (IEA) (IEA, 2021). The higher efficiency of electric powertrains is since they convert a larger portion of the energy stored in the battery into mechanical energy that propels the vehicle forward. This means that EVs can travel longer distances on the same amount of energy as ICE vehicles.
Electric powertrains can produce their full power right away because they have immediate torque. High performance and rapid acceleration are the results. An improved driving experience may result from improved vehicle acceleration, handling, and braking provided by electric powertrains, claims a McKinsey & Company analysis (McKinsey & Company, 2023). However, the efficiency of electric powertrains is influenced by the battery's level of charge, the outside temperature, and other elements that can change the output of the electric motor. The energy density of the batteries also contributes to the short range of EVs in comparison to ICE vehicles.
The absence of tailpipe emissions from electric powertrains versus internal combustion engines (ICE) is a key advantage. On the other hand, the type of electricity utilised to charge the battery in EVs affects their emissions. The emissions are almost non-existent if the electricity is generated by renewable energy sources like solar or wind. The emissions are still lower than ICE vehicles even if the electricity is generated using fossil fuels like coal or natural gas; nonetheless, they are not zero. The US Environmental Protection Agency (EPA) estimates that EV emissions are approximately 4 times lower than ICE car emissions when powered by grid electricity (EPA, n.d.). This demonstrates how the use of electric powertrains might drastically cut down on transportation-related pollution.
Electric powertrains' energy output is determined by the battery's kilowatt-hour (kWh) capacity (kWh). The more energy a battery can hold, the further an electric vehicle can travel. The average battery capacity of EVs sold in 2020, according to the IEA research on EVs, was 55 kWh, which is adequate for everyday driving requirements (IEA, 2021). Electric powertrains still produce less energy than ICE vehicles, which can cover greater distances on a single tank of petrol. This is due to the fact that batteries have a substantially lower energy density than gasoline or diesel. Nonetheless, improvements in battery technology and charging infrastructure have led to an increase in the energy output and range of EVs over time.
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Due to their potential to provide low-emission powertrains with significant energy outputs, hydrogen fuel cells have recently come to be recognised as a promising alternative energy carrier to gasoline and diesel. Hydrogen fuel cells are extremely effective, with a theoretical efficiency of 83% and a practical efficiency of up to 60%, according to the International Energy Agency's assessment (IEA, 2021). The quality of the fuel cell, the kind of fuel used, and the operating circumstances are only a few of the variables that affect how efficient hydrogen fuel cells are.
The fact that hydrogen fuel cells only emit water and heat as hazardous emissions is one of their key benefits (BMW Group, n.d.). This makes them a desirable alternative for lowering air pollution and greenhouse gas emissions, which are significant environmental problems. Contrarily, vehicles powered by gasoline or diesel release a variety of pollutants, including carbon dioxide, nitrogen oxides, and particulates, which are harmful to both the environment and human health (EPA, n.d.).
The potential for high-performance powertrains with rapid torque and smooth acceleration offered by hydrogen fuel cells is huge (Business Insider, 2019). This is because they can produce electricity without burning fuel using a chemical interaction between hydrogen and oxygen. In addition, hydrogen fuel cells can produce significant power outputs, making them appropriate for a variety of uses, including heavy-duty vehicles like trucks and buses (Green Car Congress, 2021).
The energy outputs that hydrogen fuel cells can produce depend on several variables, including the fuel capacity, operating conditions, and the size and type of the fuel cell. In comparison to traditional batteries, hydrogen fuel cells can provide energy densities of up to 1.6 kWh/l, according to the BMW Group's sustainability report (BMW Group, n.d.). This qualifies hydrogen fuel cells for long-distance purposes like buses and commercial trucks.
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The utilisation of alternative energy sources like biofuels has been hailed as a way to cut down on greenhouse gas emissions from the transportation industry (IEA, 2021). Biofuels can be used in place of fossil fuels to power cars because they are made from renewable biomass sources like plants, algae, and trash (McKinsey & Company, 2021).
The fact that biofuels may be produced from a variety of feedstocks, making them a flexible energy source, is one of their key advantages (BMW Group, n.d.). Moreover, biofuels are a flexible fuel choice that can be utilised in several vehicles because they may be blended with fossil fuels or used in their pure form (Prakash, 1998).
However, there are certain difficulties related to biofuels as well. Depending on the type of feedstock used and the manufacturing technique, the efficiency of biofuels can change (BMW Group, n.d.). Moreover, the feedstock and manufacturing process might affect the emissions linked to biofuels (Prakash, 1998).
Despite various obstacles, biofuels have the potential to significantly reduce the amount of greenhouse gases emitted by the transportation industry. It is expected that biofuels will become a more significant alternative energy source in the years to come as research and development are carried out.
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The development of new technologies and racing series in the motorsport industry can have a significant impact on consumer engagement. One example of this is the growth of electric racing series such as Formula E, which has helped to raise awareness of electric vehicles and promote sustainable mobility (Car and Driver, 2022). By showcasing the performance and capabilities of electric vehicles in a racing context, Formula E has helped to break down some of the stereotypes and misconceptions around electric vehicles and encourage consumers to consider them as a viable option.
In addition to racing series, the motorsport industry is also a hotbed of technological innovation. Many of the technologies developed for motorsports have the potential to be applied to consumer vehicles, such as improved aerodynamics, lighter materials, and more efficient powertrains (Autonews Europe, 2023). By highlighting the benefits of these technologies in a racing context, manufacturers can build excitement and interest around their consumer vehicles and encourage consumers to consider them as a more exciting and technologically advanced option.
Furthermore, the use of motorsport as a testing ground for new technologies and materials can also lead to innovations that benefit society more broadly. For example, advances in safety technology developed for racing cars can be applied to road cars, making them safer for all drivers and passengers (Green Car Congress, 2021). 
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In conclusion, the motorsports sector is a hive of technical innovation with the potential to positively impact society in several ways, as well as a source of enjoyment for millions of fans worldwide. The motorsport business has a lot to offer, from increasing safety technology for all drivers to creating more environmentally friendly and effective vehicles.
The UK governing body is particularly interested in building the infrastructure for electric racing. The popularity of electric racing series like Formula E has aided in spreading knowledge about electric cars and sustainable transportation. Formula E has contributed to dispelling several myths and prejudices about electric vehicles and influencing consumers to view them as an option by displaying their performance and capabilities in a racing situation. Additionally, the usage of electric vehicles in racing can spur scientific advancement in the creation of more effective and potent batteries as well as charging infrastructure, both of which may have significant positive effects on society.
The UK's governing body should strive to assist the development of technologies and materials that can benefit both the motorsports sector and society at large in addition to electric racing. These could include improvements in aerodynamics, lighter materials, and safety systems that can be applied to consumer automobiles to make them safer, more technologically advanced, and more efficient.
In conclusion, the UK regulating body may encourage innovation and enhance the sustainability, safety, and performance of vehicles both on and off the track by investing in the growth of electric racing and fostering the development of new technologies and materials. This might be advantageous for society at large as well as the motorsports sector, making it an investment that will pay out in the long run.
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