[bookmark: _Hlk131338218]University of Wales Trinity Saint David
School of Engineering

Use of Energy Carriers; Legislation and Practicality
Automotive Materials and Sustainability ACHA6012

Aiden Scriven
1803502
25th March 2023


Table of Contents
1	Introduction	1
1.1	Aims	1
1.2	Objectives	1
2	EU Legislation regarding Tailpipe emissions	2
3	Existing Alternative Energy Carriers in Motorsport	3
3.1	Formula 1 Hybrid Technology	3
3.2	Formula 1 Shipping Containers	3
3.3	Formula E	4
3.4	Hybrid technology in World Rally	5
3.5	Le Mans Mission H24	6
3.6	TotalEnergies Sustainable Fuel	7
4	The future of the BTCC	8
4.1	Current Sustainability of BTCC	8
4.2	Possibilities of future advancements	8
4.2.1	Electric Powertrain options	9
4.2.2	Sustainable Fuels	9
4.2.3	Engineering Transport Containers	9
5	Conclusions	10
5.1	Powertrain options for BTCC	10
5.2	Sustainability of Infrastructure	10
6	References	11

Figure 1: F1 Tech Centre on site at Circuit of the Americas (Gitlin, J. (2015))	4
Figure 2: H24 Car run by H24Racing (FuelCellWorks(2020))	6
Figure 3: Excellium Racing 100 production graphic (TotalEnergies, (2023))	7






1

[bookmark: _Toc131342079]Introduction

[bookmark: _Toc131342080]Aims 
The British Touring Car Championship (BTCC) is one of the largest motorsport events in the United Kingdom, attracting millions of fans every year. As the automotive and motorsport industry begins to shift to a more sustainable approach towards powertrain and transport solutions, there is an ever-growing pressure to showcase this advancement in the world of motorsport. The use of alternative energy carriers within the BTCC has the potential to transform the future of the sport into a more eco-friendly series.
This report aims to investigate the feasibility and potential impact of the introduction of alternative energy carriers into the BTCC. The report will explore the current state of sustainability in the series, the different options with regards to alternative energy carriers, and the potential advantages and challenges associated with making such a large change to a long-established motorsport championship. Additionally, the overall impact upon the performance of the cars and the experiences of both the drivers and spectators.

[bookmark: _Toc131342081]Objectives
Throughout this report, there will be a comprehensive overview of the use of alternative energy carriers in the BTCC and the potential challenges and advantages of changing such an influential part of the well-loved series. Ultimately, the report will provide insights and recommendations to the BTCC and other organisations for transitioning to more sustainable and eco-friendly motorsport.






[bookmark: _Toc131342082]EU Legislation regarding Tailpipe emissions
In 2021, EU parliament published the latest proposal regarding the ban of CO2 emitting vehicle sales come 2035. This legislation sparked controversy through the automotive industry but has ultimately been accepted by the EU members as the latest step in the mission to become climate neutral by 2050. This legislation detailed the ban on the sale of new vehicles that emit CO2 emissions from the tailpipe from 2035, creating a sense of urgency in the automotive sector to develop an alternative to internal combustion engine (ICE) vehicles. (Von Der Burchard, Von Der Burchard and Rinaldi and Posaner, 2023)
This legislation has been the driving force behind the vast development and advancement of electric vehicles (EV) and other possible alternative powertrain solutions in recent years. These developments have primarily been taken from the motorsport industry and many of the technologies from previous years have now been adapted for use on the roads with ever more sophisticated vehicles being developed with zero tailpipe emissions. However, Germany has now thrown a spanner in the works by opposing the final approval of the legislation by requesting that there be a clause allowing sustainable fuels to be used in existing ICE technology. This has stalled the approval of these rules that have been proposed and given the automotive industry another potential option moving forward. 
The introduction of fully sustainable fuel could be a considerable advantage in the future to be able to keep existing vehicles on the road. The inevitable need to replace all current ICE powered vehicles on the road has been a hot topic of discussion with many vehicles set to be of no use in the coming years, but the option of a fully sustainable fuel that can still be used in existing vehicles may be able to solve the issue of a large number of vehicles being removed from the road and replaced due to the lack of fuel available. 

[bookmark: _Toc131342083]Existing Alternative Energy Carriers in Motorsport

When investigating alternative energy carriers withing the motorsport world, there is a range of alternatively powered motorsport divisions and vehicles that are already in existence. These existing vehicles and series’ can be analysed to understand the positive and negative impacts of the implementation of each method of alternative carriers that can be applied to the BTCC. 

[bookmark: _Toc131342084]Formula 1 Hybrid Technology
In 2009, Formula 1 (F1) introduced a mild hybrid system known as the kinetic energy recovery system (KERS). The KERS system was developed to recover heat energy produced from braking friction and store it in batteries for use at a later point. This battery may be discharged at the push of a button. The energy is stored using both a Motor Generator Unit – Kinetic (MGU-K) and a Motor Generation Unit – Heat (MGU-H) that convert the friction energy from braking and heat energy from the exhaust into electrical energy. The Federation Internationale de l’Automobile (FIA) specifies that the maximum capacity of the battery used to store the electrical energy recovered must be no more than 2MJ. Originally, when introduced, the maximum output for the KERS system was limited to 60kW (80bhp). Although, when the 2.4 litre V8 engine was swapped for the 1.6 litre V6 in 2014, the maximum output of the KERS was increased to 120kW (160bhp). (Abidi, Y. (2022))

[bookmark: _Toc131342085]Formula 1 Shipping Containers
With F1 leading the way with research into sustainability regarding the racing calendar as a whole, they have engineered many of the shipping containers used to transport equipment to the various events to allow them to be used for not  only the transport but also to house the equipment as a temporary structure when the events are set up. An example of this would be the broadcasting centre for the media teams. This container is used to house the equipment required for broadcasting when in transit and can be transformed into the shell for the broadcasting centre when on site. These containers have been in development for 13 years and are currently manufactured from a composite polypropylene honeycomb which delivers both a 60% reduction in the mass of the structure as well as significantly reducing the costs of both manufacturing and transport of the containers. These containers are currently being developed further to allow the sport to transport equipment using a Boeing 777 instead of a 747 in order to further reduce the carbon footprint of the series even further. (Formula 1, (2020))
The introduction of dual-purpose shipping containers has drastically reduced both the volume and mass of the containers required to transport equipment across the globe between events. This allows the sport to continue to work towards reducing the carbon footprint of motorsport.
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[bookmark: _Toc131342076]Figure 1: F1 Tech Centre on site at Circuit of the Americas (Gitlin, J. (2015))
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Formula E was one of the driving forces behind much of the electric powertrain development that has been seen to date. From its conception in 2011, there was a short 3 years until 2014 when the first season took place in the first generation (Gen 1) of the car. These fully electric single seat race cars had a maximum power output of 200kW (268bhp) with a top speed of 225km/h (140mph) these Gen 1 cars had a maximum regeneration capacity of 100kW. The latest generation (Gen 3) of the Formula E cars, currently competing in the 2022/23 season, produce a maximum power output of 350kW (470bhp) and have a top speed of 322km/h (200mph). These Gen 3 cars also have a maximum regeneration capacity of 600kW, a massive increase when compared to the technology that started the series 8 years ago. The advancement of modern electric vehicle (EV) can be largely boiled down to the success and popularity of the introduction of EV racing. (ABB, (2022))

[bookmark: _Toc131342087]Hybrid technology in World Rally
For the 2022 World Rally Championship (WRC), the FIA introduced plug-in hybrid powered cars (Rally1) with a 100kW electric motor assisting the 1.6 litre turbocharged petrol engine that has been used in the sport since 2011. This powertrain package raises the peak power output to over 500bhp whilst paving the way to the sport becoming more eco-friendly in the future. These Rally1 cars are also running 100% sustainable fuels for the season contributing further to the increased sustainability of the racing calendar. (FIA, (2022))


















[bookmark: _Toc131342088]Le Mans Mission H24
With the advancement of alternative powertrains in both motorsport and automotive industries, prototype racing has begun to make changes to the way that it is run. For example, the Automobile Club de l’Ouest (ACO), the organisers of the Le Mans 24 series, have launched the Mission H24 class for Hydrogen fuel cell powered vehicles. With the recent advance in the hydrogen fuel cell technology, it is forecasted that by the 2024 season, the H24 cars will be fighting for overall wins. This technology has been improving exponentially in the past years allowing prototypes to go from coasting around circuits to now being capable of setting consistent and competitive lap times. However, the hydrogen powered prototypes still have their challenges, mainly that of range. For these cars to be competitive, they must be able to rival the petrol powered LMP and GT cars that currently run in the series, this requires the fuel cells to be able to last as long as a fuel tank can and must be reliable enough to maintain race pace for the duration of the event. (Kilbey, S. (2021))
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[bookmark: _Toc131342077]Figure 2: H24 Car run by H24Racing (FuelCellWorks(2020))
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Alongside being a major player in the introduction of hydrogen fuel cell powered series H24, TotalEnergies have also developed a 100% sustainable fuel named Excellium Racing 100. This fuel has been made from bioethanol which is produced using waste from French vineyards making this a fuel derived from 100% sustainable sources. The Excellium Racing 100 fuel was debuted in 2022 at the FIA World Endurance Championship (WEC) in Sebring. (TotalEnergies, (2023))
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Description automatically generated]Using completely natural origins to make this new fuel has led to a minimum reduction of 65% in the greenhouse gas emissions from the cars on track. This allows the WEC and similar racing series’ to massively reduce carbon emissions and is a huge step to becoming net zero for many disciplines which are not currently utilising an alternative energy carrier. This 100% sustainable fuel is also set to be rolled out to the entire WEC circuit including the Le Mans series. (TotalEnergies, (2021)) 














[bookmark: _Toc131342078]Figure 3: Excellium Racing 100 production graphic (TotalEnergies, (2023))

[bookmark: _Toc131342090]The future of the BTCC
[bookmark: _Toc131342091]Current Sustainability of BTCC
As of the start of the 2022 season, the BTCC has introduced hybrid powertrains to the grid. These systems have an ERS system that have a maximum of 15 seconds deployment time per lap outputting 40kW via an axial flux permanent magnet motor inside the transmission. This was implemented to align the series better with production vehicles and become more relevant to the technological advancements inside road cars. (Mitchell, S. (2022))

[bookmark: _Toc131342092]Possibilities of future advancements
To improve the sustainability of the BTCC series and allow it to accurately reflect the state of the consumer car market in the coming years, there are a few options with regards to altering the energy carriers used within the vehicles themselves. Although the series currently runs a hybrid system, there are other options with regards to becoming a net zero emission racing grid in the future. As can be seen in countless other racing series’ already in existence, the options for alternative powertrain solutions and overall improvements in sustainability are quite broad. The BTCC has always been a popular series due to the cars being derived from common saloon cars that are available for purchase by the general public. This allows the series to be relatable and build a large fanbase, anyone can watch the BTCC and recognise most, if not all, the vehicles on the grid as something that they see on everyday commutes. With this popularity and fanbase in mind, the series stands in a position to alter not only the motorsport world going forward but also drive the consumer car market potentially more so than other race series’ with prototype or low volume production vehicles. 
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As a step to align itself with the proposed legislation of the EU for 2035, the BTCC has the option of converting the series to a fully EV powered grid. This gives the option of using many of the currently available performance orientated EVs that are currently offered to the consumer and can open the series to some of the large players in the EV world which would showcase some of the incredible advancements and technologies available for these powertrains. This would take the series in a similar direction to that of Formula E.

[bookmark: _Toc131342094]Sustainable Fuels
Another option for the future of sustainability in the BTCC would be the introduction of fully sustainable fuels. This would be an affordable option for teams as the vehicles would not require a complete overhaul of powertrain components to run the fuels. These fuels are still suitable for standard ICE powertrains and therefore would be easily adapted for road use. This would assist in the development of the net zero emissions of road going vehicles without the high costs associated with buying EVs. This option would also allow the series to remain close to its roots and will likely keep the fanbase happy due to the powertrain being relatively unchanged leaving the current hybrid system on the vehicles and changing the fuel used to run the ICE portion of the powertrains.

[bookmark: _Toc131342095]Engineering Transport Containers
One more sustainability driven option that can be added to the BTCC racing series would be a redesign and engineering of the transport solutions within the series. These transport containers can be used to transport equipment and then built into temporary structures to house the operations required for the events, much like the containers currently used by F1. These containers can also be engineered using composites to retain structural characteristics and reduce the mass which in turn will reduce transport emissions between events and manufacturing costs.

[bookmark: _Toc131342096]
Conclusions
[bookmark: _Toc131342097]Powertrain options for BTCC
Altering the powertrain specifications used by teams in the BTCC has a huge potential to improve the sustainability of the series. There is the option of running the vehicles solely as EVs and taking a route such as Formula E. However, this move would likely prove unpopular with teams due to the high cost involved in developing brand new vehicles and powertrains for the switch. There is also the issue of the fanbase not approving of such a drastic change removing the series from its roots as a production saloon derived racing event. For that reason, the most cost-effective option for altering the powertrains used on these vehicles would be changing the fuels used. For example, a fully synthetic fuel like that produced by TotalEnergies for the WEC circuit would be a move that would be more cost effective for teams due to the capability of the existing hybrid powertrain to adopt this fuel with little issue and also reducing the emissions produced by vehicles on track by 65% if equivalent to Excellium Racing 100. This would likely also keep the fanbase happy due to the basic principals of the series not changing drastically in its derivation but being updated to reflect the search for sustainability within the motorsport industry. 
The introduction of an EV class or separate electric powered saloon racing series would also be an interesting prospect taking production performance EVs from the likes of Polestar, Tesla or BMW would allow manufacturers to showcase the level of engineering on a national stage.

[bookmark: _Toc131342098]Sustainability of Infrastructure
An additional step that could be implemented to improve the overall sustainability of the series would be to engineer temporary structures such as those used by Formula 1 which are used as transport containers and structures for race operations. These can be engineered from lightweight materials to reduce the emissions produced in transport and potentially reduce manufacturing costs.
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