


Table of Contents
0. Abstract	2
1. Introduction	2
2. Legislation and Regulations	2
2.1. UK Combustion Ban (2030 - 2040)	2
2.2. The Electric Vehicles (Smart Charge Points) Regulations (2021)	2
2.3. Automated and Electric Vehicles Act (2018)	2
3. Advancements	3
3.1. Retrofitting	3
3.2. General Improvements	3
4. Comparison of Alternatives	4
4.1. Existing Electric Vehicles	4
4.2. Hydrogen	4
5. Advancements in Motorsport	4
5.1. Formula E	4
5.2. Formula 1	5
6. Conclusion	5
7. References	5
















[bookmark: _Toc131942796]0. Abstract
This paper discusses the shift towards cleaner and more sustainable modes of transportation, with a focus on fleet vehicles in the UK within the Department for Transportation. The UK government has pledged to ban the sale of combustion engine vehicles by 2030, with goods vehicles 26 tonnes and under being phased out in 2035 and over 26 tonnes by 2040. Fleet operators must consider alternatives such as electric vehicles (EVs), retrofitting older buses, or using hydrogen buses. This paper compares these options and considers their viability for fleet operators and their use with a closer investigation of Transport for London in several aspects due to the importance and size. The paper also outlines relevant legislation and regulations, including the UK Combustion Ban, concluding that this is achievable and should be the way forward and will be achieved before the ban on combustion as the government should be the trendsetter in this regard, and almost certainly achieved before all combustion vehicles are phased out.

[bookmark: _Toc124717583][bookmark: _Toc131942797]1. Introduction
The transportation industry is undergoing a significant shift towards cleaner and more sustainable modes of transportation. The UK government has pledged to ban the sale of combustion engine vehicles by 2030, with goods vehicles 26 tonnes and under being phased out in 2035 and over 26 tonnes by 2040. In this context, fleet operators, such as those managing buses and vans, must consider alternative options to their combustion engine vehicles. The adoption of electric vehicles (EVs) is one option, but it comes with challenges, such as cost and range limitations. Retrofitting older buses or using hydrogen buses are other options to consider. Recent advancements in EV technology, such as increased range, faster charging, improved battery technology, and regenerative braking, have made EVs more practical for everyday use. This paper will discuss these alternatives and compare them to existing electric vehicles, considering their viability for fleet operators and their use within the Department for Transportation, as well as some closer investigation relating to Transport for London, one of the largest government owned bodies.

[bookmark: _Toc131942798]2. Legislation and Regulations
[bookmark: _Toc131942799]2.1. UK Combustion Ban (2030 - 2040)
The UK government has pledged and put forward legislation to ban the sale of combustion engine vehicles by 2030, with goods vehicles 26 tonnes and under being phased out in 2035 and over 26 tonnes by 2040 (GOV.UK, 2021). This plan contributes towards the Glasgow Breakthrough which aims to make zero emissions vehicles the standard, accessible, affordable and sustainable in all regions by 2030, with several key countries signing this agreement including the UK government (UKCOP26, 2022). 
[bookmark: _Toc131942800]2.2. The Electric Vehicles (Smart Charge Points) Regulations (2021)
Although these regulations apply to private vehicles with public charging points, this could be relevant for fleet vehicles which require a short charge such as a repair van, shipping lorry, or smaller vehicles such as postal vans if permitted to be used at public chargers. As well as this, these regulations outlie the requirements for charging points which could also be applied to charging points installed by government bodies. This legislation includes smart functionality, which could be used to track the vehicles power usage, charge rate, and other data remotely to see how vehicles are being used, and if there are any issues with the vehicles (GOV.UK, 2022). 
[bookmark: _Toc131942801]2.3. Automated and Electric Vehicles Act (2018)
The Automated and Electric Vehicles Act 2018 includes provisions to make it easier for drivers to get insurance for their automated vehicles, which will allow them to be covered both when they are driving and when the vehicle is driving itself. It also sets out the conditions under which automated vehicles may operate on public roads. The Act also establishes a system for electric vehicle charging infrastructure, including requirements for charging points at motorway service areas and other designated public places. Furthermore, the Act clarifies the liabilities in case of accidents involving automated vehicles, stating that in certain situations, the vehicle's insurer will be responsible for compensating victims rather than the vehicle's owner or driver (GOV.UK, 2018).
In the case of fleet vehicles, the owner or operator of the fleet will need to ensure that each vehicle in the fleet complies with the relevant requirements set out in the act. This may include ensuring that the vehicles are insured to operate in automated mode, and that the necessary infrastructure is in place to support the use of electric vehicles. Furthermore, the act clarifies the liability framework for accidents involving automated vehicles. In the case of fleet vehicles, the liability for accidents may rest with the fleet operator, the vehicle manufacturer, or the vehicle's insurer, depending on the circumstances of the accident.

[bookmark: _Toc131942802]3. Advancements
[bookmark: _Toc131942803]3.1. Retrofitting
An option instead of replacing the buses completely, could be to retrofit older buses, especially since companies that replace some of the buses currently in operation exist. For example, some of the buses currently under operation by Transport for London operators such as the Optare Versa (Bus Lists on the Web, 2023) have electric retrofits by the company Equipmate, however only with an operating range of 150 miles (240 kilometres) these couldn’t be used for longer routes and an original make solution might be more practical (Equipmake, 2023). This does reduce the overall cost investment of EVs if they were used as an option with the possibility of the older buses slowly coming out of service for a few months and having them on a cycle of replacement.
[bookmark: _Toc131942804]3.2. General Improvements
Electric vehicles have seen significant advancements in recent years. They now feature increased range, faster charging, improved battery technology, and regenerative braking. These advancements have made EVs more practical for everyday use, with some models now able to travel over 400 miles on a single charge and charge up to 80% in under an hour (heycar, 2023). Additionally, lithium-ion batteries have become lighter, more efficient, and longer-lasting, while regenerative braking helps to extend the vehicle's range (Toll, 2018).
Furthermore, EVs have become more affordable, with costs decreasing significantly in recent years. They also feature advanced software and connectivity, including over-the-air updates, real-time vehicle data monitoring, and smartphone integration. Lastly, many EVs now feature advanced driver assistance systems (ADAS) that offer autonomous driving features such as parking and motorway driving (Nagpal & Cohen, 2022). All these advancements improve the EV experience and make them more viable for fleet vehicles and general use within transportation. Some councils around the country use electric vans for day-to-day use, and that needs to expand sooner, and quicker as aging vehicles become more frequent. This can be costly, but with more government funding and as EV cost go down this will be closer to the normal cost of vans and vehicles, and as charging points and stations become more common.
[bookmark: _Toc131942805]4. Comparison of Alternatives
[bookmark: _Toc131942806]4.1. Existing Electric Vehicles
The current revision of the buses in effect on Transport for London services in now out of a production, and a new bus must be looked at before the ban mentioned in Section 2.1 takes place. Several counties around England and Wales are looking at Hydrogen buses, as well as full electric buses. For example, the TrawsCymru T1 bus route was recently electrified after the adoption by First Cymru, running from Carmarthen to Aberystwyth, a one-way distance of around 50 miles (FirstCymru, 2023). The specific buses used are the Pelican Yutong E12s, which have an approximate range of 230 miles (370 kilometres), which are modern buses, which with 5 years more development could have increased range and performance but could be adopted in London already with the standard they have now (Pelican Bus + Coach, 2023).
Looking at Transport for London as an example, using the last published report from March 2022, there are 8795 buses in operation with 3854 hybrid buses. Those 3854 buses include the 1000 New Routemaster buses but excludes the current 22 fuel cell buses and 785 electric buses currently in operation (Transport for London, 2022). As of 2022, only 9.18% of the fleet is classes as zero emission, however the Mayor for London currently states that the goal of 100% zero emission buses will be achieved by 2034, with the possibility for this to be achieved by 2030 with government funding (Greater London Authority, 2021).
[bookmark: _Toc131942807]4.2. Hydrogen
Hydrogen vehicles and regular combustion vehicles differ in their propulsion systems, with hydrogen vehicles using a fuel cell to convert hydrogen gas into electricity to power an electric motor, while regular combustion vehicles burn gasoline or diesel fuel to power an internal combustion engine. Hydrogen vehicles emit only water vapor and warm air, making them zero-emission vehicles, whereas regular combustion vehicles emit pollutants that contribute to air pollution. Hydrogen vehicles have higher fuel efficiency due to the fuel cell system's ability to convert hydrogen gas into electricity more efficiently than an internal combustion engine burns gasoline or diesel fuel. They also typically have a longer range and can be refuelled in minutes, unlike battery electric vehicles. Finally, hydrogen vehicles are generally more expensive to purchase compared to regular combustion vehicles, which is partly due to the cost of the fuel cell system, difficulty charging, and limited production.
These could be useful for fleet vehicles due to the base stations of the fleet vehicles like depots, allowing for hydrogen infrastructure be established however hydrogen road car vehicles are being phased out in favour of larger vehicles like trucks and lorries (Mustoe, 2022). This could be used for vehicles like buses also, due to the large size and availability of space above and below the vehicle for storage of hydrogen. However, this could be applied to electric batteries, which are more common but have a longer recharge time.

[bookmark: _Toc131942808]5. Advancements in Motorsport
[bookmark: _Toc131942809]5.1. Formula E
Formula E is a global electric car racing series that was launched in 2014 as a platform to showcase the potential of electric vehicles and promote sustainable mobility. The series features high-performance, single-seater cars powered by electric motors and batteries, racing mostly on street circuits in major cities around the world. Formula E has had a significant impact on the automotive industry, as it has helped to accelerate the development of electric vehicle technology and raise public awareness about the benefits of sustainable transportation. The series has also inspired many automakers to invest in the development of electric vehicles and to incorporate more sustainable technologies into their products (Kiek, 2022).
Formula E Gen3 introduced flash charging, allowing for the charging of the cars for approximately 30 seconds at a power rate of around 600-800kW (Smith, 2020). With this, fleet vehicles could be quick charged at a depot or even at a bus station as they load up/before they load up, allowing them to continue on the road without waiting too long. This does require more infrastructure and power grid improvements however bus stations are usually centrally located in high-capacity grid areas so it wouldn’t be too difficult to install, similar for lorry depots as they are usually around industrial estates with equally high-capacity grid areas.
[bookmark: _Toc131942810]5.2. Formula 1
Formula 1 is a premier international auto racing championship that features some of the world's most technologically advanced and high-performance racing cars. The competition involves a series of races held across different countries and continents, with drivers and teams competing for the championship title. While Formula 1 cars traditionally run on high-octane fuels, the sport has been gradually moving towards more sustainable alternatives, such as electric power. The impact of Formula 1 on the development of electric fleet vehicles lies in its ability to drive innovation and technological advancement in the automotive industry. As Formula 1 teams invest heavily in research and development to optimize the performance of their cars, these advancements often translate into improvements in electric vehicle technology, making it more efficient, cost-effective, and accessible for consumers. Several Formula 1 teams are either backed by or are manufacturers themselves, encouraging this development into road vehicles.
One of the most significant EV technologies that Formula 1 has contributed to road cars is the development of energy recovery systems. In 2009, Formula 1 introduced the Kinetic Energy Recovery System (KERS), which captures the energy generated during braking and stores it in a battery for later use (Formula 1, 2017). This technology has since been adapted for use in production electric vehicles, where it is used to extend their range and improve overall efficiency such as Mazda, FIAT and some London buses (Davies, 2014). Formula 1 has also contributed to the development of regenerative braking systems, which use the electric motor to slow down the vehicle and convert kinetic energy into electricity that can be used to recharge the battery working with the KERS.
[bookmark: _Toc131942811]6. Conclusion
In conclusion, the transportation industry is undergoing a significant shift towards cleaner and more sustainable modes of transportation, as evidenced by the UK government's pledge to ban the sale of combustion engine vehicles by 2030. Fleet operators, such as those managing buses and vans, must consider alternative options to their combustion engine vehicles. The adoption of electric vehicles (EVs) is one option, but it comes with challenges such as cost and range limitations. Retrofitting older buses or using hydrogen buses are other options to consider. Recent advancements in EV technology, such as increased range, faster charging, improved battery technology, and regenerative braking, have made EVs more practical for everyday use.

Furthermore, regulations and legislation such as the UK Combustion Ban, Electric Vehicles (Smart Charge Points) Regulations, and Automated and Electric Vehicles Act 2018 are encouraging the adoption of cleaner and more sustainable modes of transportation. Retrofitting older buses and using alternative fuels like hydrogen may be practical for some fleet operators, while advancements in electric vehicle technology are making EVs more practical for everyday use. It is essential that fleet operators consider all of these options and work with the Department for Transportation to ensure that they are making the most sustainable and practical choices for their operations.
From the research collated in this report, electric vehicles are the way forward for smaller vehicles like vans, cars and some smaller trucks, with hydrogen or electric for the larger trucks and lorries on the road. This all can be achievable based on reports found and should be the way forward and will be achieved before the ban on combustion as the government should be the trendsetter in this regard, and definitely before all combustion vehicles are phased out.
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