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With green house gases contributing significantly to the air pollution causing climate change, the transport sector is under the microscope to make positive changes to establish low-emission transport changes to face these challenges. With the implementation of legislations and policies, the UK government can raise the standards being adhered to by the automotive industry and the consumer markets. This technical report aims to evaluate the current and future legislations looking at accomplishing an advancement in the UK transport system to achieve the low-emissions infrastructure. This report will also investigate the use of hydrogen fuel to align the emissions created with future legislations aims. 
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[bookmark: _Toc131363454]current legislation, future legislation, and goals. 

The UK government have multiple legislations in place with the goal of reducing CO2 emissions and highlighting them as an issue that needs addressing. 
· Vehicle Excise Duty: As a form of road tax, the cars owners are charged based off the vehicles CO2 emissions, low CO2 emissions vehicles are charged less per year. New electric and hydrogen vehicles are completely tax exempt. 
· The Clean Air Zones: A framework has been established that highlights the areas that require improved air quality, these areas are labelled clean air zones and polluting vehicles or high CO2 vehicles are charged a higher fee for operating within clean zones. 
· Company car tax: For employees that have company cars the tax the employee pays is dictated by the car’s CO2 emissions. 
· The road to zero strategy:    With zero and low emission vehicles being encouraged, the UK government is continuing to introduce supporting infrastructure. This includes providing more charging points for electric vehicles, financial incentives towards the purchase of low or zero emission vehicles and exemption from the legislations above. 
With the UK government setting the determined target of achieving net zero emissions by 2050, the budget every year reflects how motivated the government is with achieving this goal, The industrial decarbonisation strategy published in March 2021 looked at creating a low carbon hydrogen production and distribution infrastructure, with a focus of expanding hydrogen fuel cell technology. The dedication from the UK government is supported with the commitment to invest 171 million pounds into the advancement of the infrastructure. 
Alongside the already existing clean air zones (CAZ) the government is increasing both the number of CAZ in place and the restrictions on each CAZ. Figure 1 shows the class of the zone which highlights which elements of the transport sector are currently affected. 
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Figure 2‑1 Clean Air Zone Classification, Government guidance for clean air zones (Reference 8) 
Vans, minibuses, private hire, taxis, cars are only charged within a CAZ if they do meet the current minimum emission standard, the minimum standard is also dependant on what fuel type the vehicle is, petrol vehicles must have a minimum standard of euro 4 whereas diesel must meet euro 4 standards. Euro standards were not created for the use of CAZ but instead dictate the standard of which a new production vehicle must adhere too. 
Euro emission standard were introduced in 1993 to monitor and restrict the impact vehicles have on the environment, starting with Euro 1 each iteration of euro standard has become stricter after reassessment of the current climate and the change encountered. Euro 4 standards introduced for all new cars from January 2005 or if a car was newly registered after January 2006, set emission standards for both petrol and diesel engines. Petrol emissions were bound by three emission values, The presence of Nitrogen oxides (NOx) , Carbon Monoxide (CO), total hydrogen carbons emitted (THCs) . 
· CO no more than 1.0g/km
· THCs no more than 0.1g/km
· NOx no more than 0.08g/km 
Since 2005 both Euro 5 (2009) and Euro 6 (2014) have been introduced as a standard to which manufactured cars must adhere too, so by setting the CAZ minimum as Euro 4 for petrol then petrol cars produced before January 2005 must pay the charge within the CAZ. And diesels produced before September 2014 .  Historic vehicles manufactured over forty years before the date of enforcement are exempt from CAZ alongside road tax. 
Euro 6 diesel standards
· CO no more than 0.50g/km
· THCs no more than 0.09g/km
· NOx no more than 0.08g/km 
· Particulate matter no more than 0.005g/km

Euro 6 is the most current euro standards in place so diesel cars are being held to the strictest published emissions standards, however euro 7 standards are in development with the completion date of 2025. 

Table 1 - Cities with clean air zones.
	City 
	Class A
	Class B
	Class C
	Class D

	Bath 
	
	
	x
	

	Birmingham
	
	
	
	x

	Bradford
	
	
	x
	

	Bristol 
	
	
	
	x

	Portsmouth 
	
	x
	
	

	Sheffield
	
	
	x
	

	Tyneside 
	
	
	x
	



Alongside the cities listed in table 1 Manchester is currently negotiating the infrastructure of a CAZ With increasing cities being added to the list of cities with clean air zones active further incentivises the public to purchase low emissions / CAZ compliant cars, with charges reaching up to £12.50. 
[bookmark: _Toc131363455]Impact of the legislative framework on the UK fleet and transport network
With the net zero goal in place for 2050 and vehicles tax being controlled by the emissions of the vehicles, transport companies have been incentivised by the possible tax relief. The government hope this will also allow a more natural transition to net zero transport alternatives being used by public transport companies. With a second goal from the UK government being all new buses to be zero emission by 2025 the government announced  a 5 billion pound investment towards the introduction of net zero buses and tram networks being reintroduced. 
The governments aim to reduce the emissions by the public and public transport has not just been motivated by reducing the emissions of current travel arrangements but also introducing a more supportive infrastructure for alternative means of zero emissions travel. This includes increasing the number of pedestrian areas and cycle lanes available alongside refurbishing current infrastructure. With the goal of encouraging walking and cycling replacing short journeys that would normally take place. 
A further influence on the UK fleet from the legislations being imposed is the introduction of the petrol and diesel ban in 2030, this ban will put a halt on the production of petrol and diesel cars after 2030. Cars produced before 2030 will still be able to be sold and traded both commercially and privately but without further production the number of both petrol and diesel cars on the road will reduce each year. 
In conclusion by continuing to introduce LEZ charges in city centres and support and funding going towards create a net zero public transport sector. The work commute will transition into more public transport incentives and companies also supporting their staff choosing the public transport sector. They’re causing a reduction in greenhouse gases and an improvement in air quality in the low emission zones where it has been highlighted as needing the improvement. 
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Figure 2‑2 Use of Renewable fuels from 2000 to 2021 (Reference 11)
 The results produced by DUKEs in 2022 shows the increase of the use of biofuels in the transport sector from 2000 to 2021. The drop after 2019 is due to the advancement in technology in electric vehicles and increase in supporting infrastructure for electric vehicles. 
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With the transition from Internal combustion engines (ICE) to electric vehicles (EV) being criticized for taking away from the driving experience of users operating the vehicles, the response from the automotive industry has been a leap into the technological field. By integrating advanced sensors and modern software systems, the automotive sector has set out to achieve smarter, more reliable, and efficient. This enables the user of the vehicle to enjoy the experience of driving away from the traditional driving experience which was dominated by the noises being created from the vehicle and the raw response to the drivers interaction. 
Previous advancements  in automotive technology have had an impact on the drivers response to a crash situation such as implementing antilock braking systems (ABS). although this development catalysed the impact of the drivers response autonomous vehicle bring to light a new element of safety through intercommunication between different systems within a vehicle. this transitions from the driver response queuing the ABS response to other systems detecting issues faster than human reflexes and communicating with preventative systems like ABS. If a sensor can communicate with cameras and deem the situation present as dangerous, then a message can be relayed to the responding systems to create a response to avoid the danger presented. Whether this be to flinch to avoid or brake to avoid. All of this can take place without a human input. Not just in emergency situations but if a vehicle can be aware of its surroundings and communicate with the navigation systems to create an autonomous driving experience where the driver needs to be observant when piloting but not have to have an input on the transport experience. This however offers up its own boundaries of morality leading to slower advancements in the technology than originally considered, this is due to not ever accident or pending incident having a response that can avoid injury or harm to the users of the road. 
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With electric vehicle being under the spotlight as the future of the automotive sector and removing internal combustion engines from production, car manufacturers are exploring the possibility of replacing the harmful petrol and diesel combustion with a combustive process that can create a compliant emission response from the combustion. This progress looks at renewable fuel both replacing previous combustive fuels combined with replacing the primary fuel associated with the development and manufacturing of the engine. This transition focuses on replacing current diesel with biodiesels, and the current petrol and ethanol mix with a hydrogen combustion. 
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Hydrogen fuel has a high auto ignition point however requires low ignition energy. The ignition energy needed to ignite hydrogen is around 1 order of magnitude lower than a petrol ICE, lean hydrogen mixtures can be ignited during a lean fuel state and ignites efficiently. 
Hydrogen has a high autoignition temperature, this affects how the hydrogen - air mix is compressed during the combustion process. The temperature rises during compression so the equation to calculate this rise is shown below. 

Where:
Compression ratio , The initial temperature , absolute final temperature,  Ratio of specific heats. 
If the temperature within the cylinder exceeds the auto combustion value, then premature combustion occurs but due to the high auto combustion value hydrogen fuel mixes can be compressed to a larger compression ratio then a petrol or diesel engine. 
Although hydrogen can combust closer to the thermodynamically ideal engine due to its high flame point at stoichiometric combustion, the low density of hydrogen is a big negative. Because of the low density it requires a large amount of mass to be stored to achieve an adequate driving range, secondly the low density creates a low energy from combustion therefor reducing the power output. 
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Hydrogen fuel contributes multiple positives to the uk transport sector. This includes. 
· High efficiency : Hydrogen fuel when combusted can convert up to 60% of the energy stored within the hydrogen into electricity. When compared to the 28% of petrol engines and 30-36% of diesel engines. Being able to harvest 60% in a large increase. 
· Fast refuelling : due to the low density of hydrogen the fuelling process to refill a storage cell is reduced, this is important for the long distance applications of hydrogen combustion engines because companies can reduce the time the driver is not on the road, therefore improving the business’s efficiency. 
· Noise Reduction: when operating hydrogen fuel cells are silent, although this is a negative to some car enthusiasts this is an advantage because it reduces the noise pollution within domestic areas. 
· Zero emissions : Petrol and diesel engines are scrutinised by the standards of which the emissions exiting the tailpipe must remain under boundaries set by the euro emissions standards. Hydrogen fuel engines are exempt from this scrutiny due to producing zero carbon dioxide, nitrogen oxides, or any form of harmful particulates. This also makes hydrogen combustion compliant with all future legislations currently imposed to help achieve a net zero emission in the UK.
· Increased fuel safety: due to hydrogens low density and high dispersity if a leak was to occur within the fuel system, the hydrogen would escape quickly, due to its low energy required for combustion and its flammable properties this makes a leak very dangerous. With this considered hydrogen fuel companies have done vigorous crash testing for safety and can withstand high pressure and temperature situations. This makes the hydrogen fuel storage and delivery system very safe in both operating conditions and in event of a crash. 
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With 24 hours of Le Mans being the worlds oldest active endurance race it attracts fans from all over the world to camp out and spectate the race. The 24 hour race reaches speeds of up to 227 miles per hour as the sports cars race continually for 24 hours. Alpine CEO Laurent Rossi has used this race as a platform to develop and race a hydrogen fuel cell powered endurance car. This global stage showcases the ability for the vehicle to operate under strenuous operating conditions alongside the vehicles ability to compete for 24 hours without mechanical failure. 
With le mans competitors including goliaths such as Porsche and Ferrari, if a hydrogen fuel celled vehicles was able to compete side by side with such established companies it would draw attention to the limits able to be achieved through alternative fuels whilst showcasing the possible future of some motorsports. 
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Figure 4‑1 Hydrogen system arrangement including Recirculation loop (Reference 10)
Hydrogen systems are arranged to recoup as much unused hydrogen as possible with water being removed from excess hydrogen that is then returned into the fuel cell. 
With motorsports contributing to the negative ongoing climate change if spectators were able to accept the application of alternative propulsions through seeing the results and the entertainment factor maintained, this will help keep motorsports out of the microscope of environmental scientists. With F1 racing being the most popular motorsport each season produces 256000 tonnes of carbon dioxide whereas formula E the alternative fuel motorsport is reported to be net zero, this is due to any amount of carbon being produced having an equal carbon reduction in place. With formula E using electrical vehicle to compete the introduction of further electrical motorsport within the local communities instead of the global platforms is much more complicated. Circuits are not equipped currently to deal with casual electric vehicle racing due to the complications with crash safety and the training and tools needed to handle a crash. 
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With hydrogen vehicle only creating water vapour and warm air out of the tailpipe of the vehicles, it offers a promising future in maintaining sustainability and reducing global emissions. Within the uk hydrogen fuel stations are not common and the current infrastructure does not support refilling within a commercial context. 
On the other hand with hydrogen being able to be extracted from water through electrolysis splitting water from hydrogen and oxygen to just hydrogen then hydrogen generation can happen within a domestic context. Although water is not a fully sustainable material with 72% of the planet being made up of water then it is possible to create an infrastructure where water is split into hydrogen using electrolysis from energy created from hydrogen combustion. This is dependent on the purity of the water electrolysed however Ultraviolet filtering can occur to purify the water, the ultraviolet can also be powered from energy created from hydrogen combustion. This would create a self-sustaining power grid that uses water as fuel. 
Even if the infrastructure of domestic hydrogen refuelling wasn’t implemented and instead the UK took the same approach as Europe having hydrogen available at refilling stations. By introducing net zero vehicles into the public transport sector will reduce the current emissions emitted by public transport, in 2020 281 kilotons of co2 were emitted by public transport, 33% of which nitrogen oxides.  
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Types of clean air zones

There are 4 types of clean air zones, Class Ato D.

Class Vehicle type

A

B

Buses, coaches, taxis, private hire vehicles
Buses, coaches, taxis, private hire vehicles, heavy goods vehicles

Buses, coaches, taxis, private hire vehicles, heavy goods vehicles,
vans, minibuses

Buses, coaches, taxis, private hire vehicles, heavy goods vehicles,
vans, minibuses, cars, the local authority has the option to include
motorcycles
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Chart 6.6 Other renewable fuel uses; heat, transport, and grid injected biogas (Table 6.4)
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