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1. [bookmark: _Toc131364343]Introduction
[image: ]With an ever-increasing global focus on sustainability and vehicle emissions, there is a need for change on both the motorsport circuit and on the road. New motorsport series have been designed around the ethos of sustainability, such as Formula E and Extreme E, attracting global manufacturer interest and publicity to sustainable energy carriers. Additionally, existing motorsport series are beginning to incorporate electric powertrain components into their regulations, providing an extra developmental testbed for more sustainable powertrains.Figure 1: Some of the British Truck Racing Championship Competitors (MSV Group, 2023)

The ever-tightening restrictions of the UK and European emission standards dictate the need for more environmentally friendly Heavy Goods Vehicles (HGVs) that can keep up with the demands of current vehicles. With the UK government set to halt new diesel rigid HGV sales in 2035 and articulated HGVs in 2040, a suitable and sustainable alternative energy carrier must be found. As technological advances brought about by motorsport have historically found their way onto road going vehicles, changing the energy carrier used in the British Racing Truck Championship (BRTC) could provide an extra opportunity for manufacturers to test alternative powertrains.



2. [bookmark: _Toc131364344]The Need for Change
2.1. [bookmark: _Toc131364345]Environmental Impact
2.1.1. [bookmark: _Toc131364346]Health Effects
[image: ]People are exposed to diesel exhaust gasses daily, either through their occupation or everyday life (IARC, 2012). Occupational examples include working in a delivery depot, where diesel goods vehicles are left idling for hours to power onboard refrigeration units. However, operation in urban environments has been proven to negatively affect public health due to harmful particulate matter emissions. This particulate matter has been shown to aggravate asthma symptoms and potentially lead to shortened life expectancies (Department of Environmental Quality, 2012). In 2012, due to mounting evidence that exposure to diesel exhaust emissions were linked to causing lung and bladder cancer, the IARC classified diesel exhaust particulate matter as carcinogenic (IARC, 2012). More recent studies have also shown that exposure to diesel emissions decreases brain network interconnectivity (Gawryluk et. Al., 2023). The effects of vehicle related air pollution have also been estimated to cause 5 million deaths globally, showing just how serious and drastic the negative health effects are. (Burnett et. Al., 2018)Figure 2: Articulated HGV emitting visible black diesel exhaust fumes (Pallet Online, 2022).


2.1.2. [bookmark: _Toc131364347]Climate Change	
[image: Chart, bar chart

Description automatically generated]The chemical compounds present in diesel exhaust emissions are classified as greenhouse gasses, which are proven to contribute to global warming (Department for Transport, 2021a). Greenhouse gasses such as Carbon Dioxide (CO2) and Nitrous Oxides (NOx) are both massive contributors to global warming, both being produced in the combustion process (Valente et. Al., 2021). In 2019, HGVs were responsible for emitting 16% of all UK road vehicle greenhouse gas emissions, despite only covering 5% of the total road vehicle miles (Department for Transport, 2021a). Figure 3 shows that HGVs output disproportionally more emissions despite covering less miles:Figure 3: Emissions and mileage for cars, vans, HGVs and buses in 2019 (Department for Transport, 2021a)

2.2. [bookmark: _Toc131364348]Legislation Changes
An increasing number of cities are introducing and expanding upon low emission zones, where heavy goods vehicles are subject to charges for entering, such as London’s LEZ and ULEZ regions (Carwow, 2022). Taking London’s low emission zone as an example, HGV’s that meet Euro emissions standards lower than Euro VI will be charged £300 per day to operate inside the region (London Assembly, 2021). Additionally, specialist vehicles are not exempt, such as cement mixers and snow ploughs (Transport for London, 2022). This can drastically affect operational cost for companies in these regions, with potential loss of business in areas. With the potential for the emissions standards in low emission zones to be tightened in coming years, a new, UK wide energy carrier must be put into place that meets or exceeds the demands of the UK road freight network.

2.3. [bookmark: _Toc131364349]Commercial Applications
HGVs are the backbone of the UK’s road freight network. It is estimated that 16.2 billion kilometres were covered by HGVs in 2020, with an estimated 1.27 billion tonnes of goods transported around the country by them (Department for Transport, 2021b). With the legislation changes mentioned in the previous section, the areas that traditional diesel HGVs will be charged to enter is only set to increase. Therefore, a much-increased demand for HGVs using more environmentally friendly energy carriers is expected in the coming years, with a need for them to be suitable and adaptable for different industries. Introducing an alternative energy carrier to this series could provide an extra test bed for more environmentally friendly HGV powertrains, potentially leading to emission standards being met years in advance. This could also entice more manufacturer interest to the series, resulting in more entries, along with increased exposure for manufacturers towards haulage companies that could lead to more vehicle sales.

2.4. [bookmark: _Toc131364350]Championship Regulations
Run by the BARC, the technical regulations for the 2023 BRTC regarding fuel state that standard forecourt pump diesel conforming to EN 590 or biodiesel conforming to either EN 14214 or EN 15940 can be used (BRTC, 2023). However, the regulations also state that, provided that one of these biodiesel grades can be sourced from an appropriate supplier at an affordable price, a switch to biodiesel as the only allowed fuel (BRTC, 2023). This shows that the BARC are already showing commitment to finding an alternative energy carrier for this series, therefore it is worth looking into other viable energy carriers.

 


3. [bookmark: _Toc131364351]Alternative Energy Carriers
3.1. [bookmark: _Toc131364352]Biodiesel
3.1.1. [bookmark: _Toc131364353]Description
[image: Diagram

Description automatically generated]EN 14214 biodiesel, more commonly referred to as B100 biodiesel, is created through the transesterification of biological fats and oils, examples being used cooking oil and waste animal fats (Crown Oil, 2019). Biodiesel is produced by combining the fats and oils with short hydrocarbon chain alcohols such as methanol, along with a catalyst to speed up the chemical reaction process (Crown Oil, 2019). This creates Fatty Acid Methyl Esters (FAMEs), the chemical compounds that make up this biodiesel grade. The chemical reaction process reduces the molecular weight of the oils and fats and is shown below in Figure 4:Figure 4: The transesterification chemical reaction that produces biodiesel (Crown Oil, 2019).


3.1.2. [bookmark: _Toc131364354]Benefits
[image: A picture containing timeline

Description automatically generated]One benefit of switching to biodiesel is that it is completely renewable and carbon neutral. This is due to it being made using waste from other industries, such as used cooking oil from fast food restaurants. In fact, 98.6% of UK produced biodiesel is made from waste fats and oils, which is much more environmentally friendly than the waste simply being disposed of (Department for Environment, Food & Rural Affairs, 2021). Figure 5 shows the volume of biodiesel produced from different oil and fat waste:Figure 5: Volume of UK sourced biofuels supplied to the UK road transport market by crop type and waste/residue, 2020 (Department for Environment, Food & Rural Affairs, 2021).

Biodiesel is also a drop in fuel, meaning that it can be run in current diesel engines with minimal modifications. This is ideal as it means only little expenditure and development time will be needed to convert the existing vehicles entered in the championship to run B100 biodiesel.
The network and infrastructure needed to produce biodiesel already exists, with commercially available pump blends already consisting of 7% biodiesel by volume. However, some haulage companies fuel their vehicles using 100% biodiesel, a prominent example being Martin-Brower, the company employed to handle the logistics for McDonalds.

3.1.3. [bookmark: _Toc131364355]Drawbacks
However, using biodiesel has its drawbacks. The methyl ester compounds are much more hygroscopic than B7 pump diesel, meaning that they absorb much more water than current pump fuel blends (He et. Al., 2007). Whilst B7 pump diesel isn’t immune to water absorption due to its 7% biodiesel content, it doesn’t absorb nearly as much. The much higher absorption of water can lead to water entering the engine, severely damaging the vehicle’s engine by clogging fuel filters and rusting internal engine components (Goto et. Al., 2010). Additionally, it poses storage challenges, as large quantities of biodiesel can be contaminated through water absorption, which could result in a race being cancelled or competitor vehicles being damaged. Water absorption can also lead to microbial growth, contaminating the fuel and making it unusable (Goto et. Al., 2010).
The large majority of biodiesel for the UK market is from waste oils and fats, however if an increased demand is experienced for higher biodiesel content fuel, more land will be needed to grow crops to meet consumer needs. With the potential for this series to increase public awareness and manufacturer interest, the demand for B100 at forecourts would be expected to increase. This means that the percentage of arable land needed to produce sufficient amounts of biodiesel will increase, with biodiversity decreasing in these areas due to increased agricultural activity (Zytynska and Meyer, 2019).
As the cold filter plugging point of biodiesel is much lower than diesel, it requires preheating for use in colder environments, adding complexity to the vehicles fuel system (Crown Oil, 2019). However, this could be a minimal drawback when compared to the environmental benefits brought by using this fuel.

3.2. [bookmark: _Toc131364356]Electric Propulsion
3.2.1. [bookmark: _Toc131364357]Description
Electric HGVs are already in production, with some manufacturers offering battery electric HGVs for local distribution deliveries around urban environments. EVs in general emit no exhaust emissions, making their operation very environmentally friendly. The electricity used to power them is generally stored in a battery, with the energy coming from one of two sources: the electricity grid, i.e., from wind farms, or by using hydrogen fuel cells to generate the electricity (Valente et. Al., 2021). However, electricity from the grid is generally used. Electric motorsport series already exist, such as Formula E and Extreme E, showing that there is already a demand for electric motorsport.

3.2.2. [bookmark: _Toc131364358]Benefits
As EVs produce no exhaust emissions, the air quality around circuits would be increased when electric powertrains are used, which could be used to forge better relationships with the residents inhabiting the area around the circuits that the championship visits. Additionally, EVs also produce much less noise pollution when compared to internal combustion engine vehicles (Swart, 2018). Research conducted by Volvo trucks concluded that electric HGVs showed a decibel reduction of 50% compared to their diesel counterparts (Parkinson, 2022). As a lot of racing circuits in the UK have set maximum allowable decibel limits on race weekends, so switching the series to run electric powertrains could allow for the series to be run at circuits with stricter noise limits.
Unlike ICEs, electric motors offer instantaneous torque, which results in comparatively faster acceleration. This could result in the average speed of the racing trucks increasing, leading to more exciting racing for spectators.
Provided that the energy used to charge the vehicle’s batteries is produced sustainably, the championship can be promoted as using 100% sustainable propulsion methods. This can be used to promote and strengthen the BARCs sustainability policies, giving them a greener image. In turn, this could attract more manufacturer interest, bringing more publicity to the sport.

3.2.3. [bookmark: _Toc131364359]Drawbacks
Arguably the biggest drawback for electric HGVs is that their milage per full charge is considerably lower than their diesel-powered counterparts. However, by switching to or incorporating electric powertrains for this championship, energy storage breakthroughs could potentially be discovered for use in HGVs. As racing circuit events demand large quantities of high acceleration demand on the vehicle, this could lead to a greatly reduced range. For comparison, Figure 6 shows the expected range per full tank/charge for both a diesel fuelled and electric DAF XF (DAF, 2022a):
[image: ]Figure 6: Graph Showing Expected Range per Full Charge/Tank for a DAF XF

Another drawback is charging time. Whereas ICE powered HGV fuel tanks can be fully filled within minutes, EV HGVs necessitate much longer charging times. As an example, the DAF XF Electric takes 45 minutes to charge to 80% capacity, and 2 hours to charge up to 100% (DAF, 2022a). This necessitates longer minimum time between sessions, potentially requiring scheduling changed to accommodate for this. However, it is worth noting that this battery is designed for a maximum range of 300 miles, therefore charging times will be significantly reduced if appropriately specified batteries are used. Additionally, infrastructure will need to be added to the majority of the tracks that the series visits to accommodate the charging facilities. The extra demand could also necessitate improvements to the electricity grid in the area surrounding the track to accommodate for the extra electricity demand (National Grid, 2020). Power could be supplied by diesel generators brought on site to meet the power demand, however that negates the benefits of switching to an electric powertrain.
In motorsport, the ability to perform maintenance and component changes is vital. However, maintenance cannot be performed whilst the vehicle is charging, again adding to the time needed between sessions to ensure ample maintenance time. Additionally, additional training will be required for marshals to be able to deal with electric vehicles in the event of a crash, such as fire extinguishing procedures.
3.2.4. [bookmark: _Toc131364360]Energy Recovery Systems
Whilst not necessarily an energy carrier in its own right, Energy Recovery Systems (ERS) could provide an environmental benefit to this series if used alongside battery energy propulsion. ERS has previously been used in motorsports with varying success, perhaps most prominently in Formula 1 (F1) between 2009 and 2011 (WBD Group, 2020). Making use of the existing Motor Generator Unit (MGU) to used to power the drive wheels, the braking force required to slow the vehicle down is distributed between the wheel brakes and the motor generators, with the vehicle’s kinetic energy being converted to heat energy and electrical energy respectively (Ehsnai et. Al., 2018). This allows for energy that would normally be wasted to instead be harvested for later use. This could bring an extra level of competition and excitement to the series, as ERS will allow the drivers to use the energy to provide an acceleration boost when desired, i.e., corner exits.
Used in tandem with an ICE, ERS will allow for less of the total vehicle drive forces to be produced by the ICE (Ehsani et. Al., 2018). This results in less fuel being consumed per lap, and thus less greenhouse gas emissions emitted. This has the benefit of decreasing the series negative environmental impact by reducing the total emissions reduced. 
However, as ERS systems are not designed to be used as the sole power source for a vehicle, they cannot be used to power a racing truck for a whole race. They are instead suited to being used as a system working in tandem with an electric powertrain by recharging its battery during braking events, allowing for longer sessions to be run.

3.3. [bookmark: _Toc131364361]Hydrogen
3.3.1. [bookmark: _Toc131364362]Description
Hydrogen can be used in two ways as an energy carrier: as a fuel cell to produce electricity or as a fuel for a combustion engine (DAF, 2022b). Combusting hydrogen does not produce any CO2, making it much more environmentally than diesel fuel. Additionally, green hydrogen produced from renewable sources is carbon neutral, making its use even more environmentally friendly (Valente et. Al., 2021). Blue and grey hydrogen are also potential sources, however neither of these are fully renewable.

3.3.2. [bookmark: _Toc131364363]Benefits
[image: ]Similar to biodiesel, hydrogen can be used in existing diesel engines with a few modifications, meaning that competitors can use engines entered into the series already, provided they are modified for use. However, the modifications that will be needed depend on the engine. to diesel, however burns at a much hotter temperature, potentially needing cooling system modifications to deal with the higher temperatures (Mirica et. Al, 2015). 
Green hydrogen is produced by electrolysis and is fully renewable. Thus, switching to green hydrogen as this championships energy source will result in carbon neutral track running, giving the sport a more environmentally friendly image. This could entice more sponsors with a focus on sustainable practices, along with manufacturers who are keen to test hydrogen engines in high demand situations, such as MAN (MAN, 2022).Figure 7: A V12 MAN marine diesel engine, converted to use hydrogen (MAN, 2022)


3.3.3. [bookmark: _Toc131364364]Drawbacks
Hydrogen storage poses a challenge for many industries as large, high-pressure tanks are needed for storage (Valente et. Al., 2021). This raises safety concerns due to the potential for improper handling by circuit staff and pit crews when refuelling. Additionally, high pressure fuel tanks are needed on the trucks themselves, posing a serious risk if they are ruptured in an accident.
Infrastructure is massively lacking for a switch to hydrogen, with only 15 fuelling stations across the UK and Northern Ireland (GLP Autogas, 2020). This poses a challenge as it is clear hydrogen is not easily accessible, meaning that vast amounts will need to be stored on site, posing a serious explosion risk. 
Whilst existing engines can operate using hydrogen, significant modifications are often required. Components that could need modifying include fuel pumps, injectors, ignition systems and internal engine components, which could prove to be very time consuming and expensive for competitors (Mirica et. Al, 2015). 
Whilst negligeable amounts of CO2 are produced in the combustion process, NOx is still created at higher combustion temperatures. This means that whilst less greenhouse gasses are being created due to hydrogen, NOx is still produced, which has been proven to lead to negative environmental effects such as acid rain.

4. [bookmark: _Toc131364365]Conclusion
This paper aims to show the benefits and drawbacks of switching the BRTC’s energy carrier to a more environmentally friendly and sustainable alternative. A balance is needed between environmental benefits and logistical/developmental challenges.
Switching the energy carrier for this series will improve the public image of the BARC in regards to sustainability, potentially drawing increased interest from companies looking for a motorsport body to oversee a new sustainable motorsport series.
At the time of writing this paper, the infrastructure network is not present for a full switch to hydrogen for use in ICEs or fuel cells. If this energy carrier was chosen, it would pose a major logistical challenge of getting the hydrogen to the circuits, and then storing it on site. Additionally, NOx is produced at higher combustion temperatures.
Battery electric energy carriers were shown to have benefits such as no exhaust emissions emitted, the demand for battery electric HGVs is only set to increase which should lead to increased manufacturer interest in the competition. However, like hydrogen, switching the whole grid to electric power poses major logistical problems, such as circuit infrastructure not being good enough to meet the demands of the energy carrier switch.
From the research conducted, this paper concludes that switching to biodiesel is the best solution, allowing for better public perception of the fuel, whilst also not necessitating major engine modifications for it to be run in the existing diesel engines. Additionally, the infrastructure is in place for this championship to switch to biodiesel, both for sourcing the fuel and at the circuits the championship visits, which cannot be said for hydrogen or battery electric at this time.
However, a hybrid approach should be considered for the coming years, with an ICE fuelled by biodiesel and a battery electric system working in tandem. This would allow for the benefits of electric HGV powertrains to be incorporated into the series, such as much faster acceleration and instantaneous torque. This will allow for parallel development of both technologies. On the road, a hybrid HGV could prove to be extremely versatile, with the ICE being used for long distance motorway driving, with the electric system being used in low emission zones in cities as to avoid hefty charges.
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