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[bookmark: _Toc161564322]Introduction

The Motorsport industry has thrived for many generations, attracting new fans every year to the high intensity sport. Until recently, the environmental impact of the sport has been more of an afterthought than a priority as teams battle to produce the fastest car for the upcoming season, often favouring power and performance over emissions and efficiency. However, as the automotive sector strives to become more efficient by changing to alternative powertrains and strictly reducing and regulating tailpipe emissions, the focus is increasingly shifting to the motorsport industry to follow suit. 

This report aims to concisely analyse the current environmental impact of the sport and to highlight the changes that have already been implemented, and additionally, the future changes that are forecast for seasons towards the later of the 2020’s. All aspects of the industry are considered, stemming from the new regulations that governing bodies such as the FIA intend to implement, through to considerations to how the fans can attend the event via a more sustainable manner.  
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[bookmark: _Toc161564324]F1 Regulations History

Formula one is a continuously developing sport that implements regulation changes every 5 years or so. This process means that the sport has seen numerous design changes, most noticeably to the engine and aerodynamics. Table 1 depicts the changes to engine regulations (A brief history of the evolution of Formula 1 engines | Formula 1®, 2022)

[bookmark: _Toc161310654][bookmark: _Toc161564300]Table 1: Changes in Formula 1 Engine Regulations
	Engine Type
	 Max Capacity (L)
	Aspiration
	Hybrid
	Usage

	V12
	3.5
	NA
	No
	1989-1994

	V12
	3.0
	NA
	No
	1995-2000

	V10
	3.0
	NA
	No
	2000-2005

	V8
	2.4
	NA
	No
	2006-2009

	V8
	2.4
	NA
	Yes
	2009-2013

	V6
	1.6
	Turbo
	Yes
	2014-Current



Naturally, downsizing an engine reduces fuel consumption which leads to a reduction in emissions produced. The introduction of KERS in 2009 further reduced emissions as the flywheel system harvested energy during the braking phases. This could be deployed for up to 5 seconds per lap, using no more than 400KJ of energy, adding approximately 80Hp of harvested energy to the engine  (Yoshida, Kita and Atarashi, 2009).

A further reduction to emissions stemmed from a regulation change implemented in the 2010 season which banned the refuelling of vehicles during a race. The previous regulations had no restriction on the amount of fuel used prompting teams to run the engine at peak performance, however the new regulations limited teams to a set fuel amount of 160Kg to complete the race, forcing the teams to consider fuel consumption as well as engine power (Wise M, 2010). 

In 2014, there was a revolutionary change to the engine regulations that provided the sport with the most complex hybrid power units seen since its initiation. The engines were reduced to 1.6L turbocharged V6’s that incorporated multiple energy harvesting and redeployment technologies, with an additional reduction to the maximum fuel limit which decreased to 100Kg per race (Bulls’ Guide To: Formula One Fuel, 2020). The significance of this development was seen with the Mercedes power unit where they claimed to have produced an engine that produced approximately 98% of the power that the previous generation V8’s produced with an engine that was downsized by a third from 2.4L to 1.6L. This was achieved using an efficient turbo and MGU-H setup that allowed the engine to have a thermal efficiency value of around 50% (The Most Powerful F1 Mercedes Ever! « Mercedes AMG HPP, no date).
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The FIA and Formula 1 has set goals for 2025 and 2030 stating that every F1 calendar event is to be held using only sustainable venues, and that the sport will be net zero respectively (F1 Sustainability Strategy, 2019). To achieve this, the FIA have already made some changes, and as of 2024 are running 10% ethanol fuel. As of the 2026 season, they begin to regulate the fuel energy flow rate to 3000MJ/h instead of regulating the fuel mass. (2026 Formula 1 Power Unit Technical Regulations, 2022). This allows the teams to explore different combustion strategies and energy harvesting techniques to optimise the fuel flow and power delivery of their engine, while also future proofing the technology if F1 starts using Biofuels with different Calorific values and densities to petrol. Mercedes trialled an alternative fuel in 2022 when they used HVO100, a fossil fuel free oil/fat based renewable fuel, on their transportation trucks between events. The distance covered was approximately 1400km and they stated that switching to HVO100 saved 44091Kg of CO2 and reduced freight emissions by 89% compared to using fossil fuel diesel (Team trial of biofuels for European land freight reduces CO2 emissions by 89% - Mercedes-AMG PETRONAS F1 Team, 2022). This trial indicates that the switch to biofuels within F1 is definitely a feasible solution. It may not be implemented on the racecars themselves as the fuel is a diesel alternative, however it shows that it is a viable and effective solution to reduce the emissions produced in transportation for the team equipment between events.
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In addition to altering the F1 racing regulations to conform with the 2030 sustainability goals, the FIA are proposing changes to all of their racing championships, the members involved, and their organisation to strive to a more sustainable future for motorsport. They released a sustainability report outlining their plans and scope to reach net zero by 2030; their targets are highlighted in Tables 2-4 (FIA, no date).

[bookmark: _Toc161310655][bookmark: _Toc161564301]Table 2: FIA Sustainability Targets
	FIA (Governing Body)
	2025
	2030

	Climate Action
	Reduce their Carbon Footprint by 20% and integrate carbon removal technology.
	Reduce their Carbon Footprint by 50% and achieve net zero.

	Innovative and Sustainable Technology
	Introduce a 25% key criteria target to develop sustainable innovations for all affiliates. 
	Lead research on carbon removal technology and establish a link with sustainable fuels.

	Sustainable Practices
	Reach ISO20121 for FIA corporate events and ensure that all FIA buildings are provided with renewable energy.
	All FIA corporate events have a net positive impact.
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	FIA (Members)
	2025
	2030

	Climate Action
	Implement an incentive reward for early achievers of carbon neutrality.
	Members to reach carbon neutrality on a voluntary basis.

	Innovative and Sustainable Technology
	 N/A
	N/A

	Sustainable Practices
	All members to reach FIA 1* environmental accreditation
	All sports and mobility members to reach FIA 3* environmental accreditation
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	FIA (Championships)
	2025
	2030

	Climate Action
	Carbon action plan required for all World Championships, all new championships to commit to carbon neutrality.
	Carbon neutrality must be reached by all World Championships.

	Innovative and Sustainable Technology
	 A platform promoting future technological advances with special focus on carbon capture, hybrid etc. World Championships to integrate 100% sustainable fuels.
	All World Championship cars and infrastructure to introduce clean energy.

	Sustainable Practices
	All FIA World Championships to reach 3* FIA accreditation. Develop technical standards to reduce the environmental impacts of all other FIA championships.
	All FIA sanctioned championships to reach 3* accreditation.




This shows that the FIA’s focus points are carbon capture and sustainable fuels, promoting a rewards system for teams that push the boundaries with innovative technology that make progress towards this goal. 
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Description automatically generated]Figure 1 shows that since 2019, an effort to reduce their carbon footprint as an organisation has been made with the first carbon offsetting beginning in 2020 compared to the 2019 baseline. The data shows that 2020 and 2021 have a reduced footprint however that was during the Covid-19 era when travel was minimal. The true comparison is between 2019 and 2022 where the carbon produced in 2022 is marginally higher than 2019, however the offsetting reduces this. By 2025, they intend to implement carbon removal (carbon capture).[bookmark: _Toc161564293]Figure 2: Carbon Footprint for the FIA’s 2022 Motorsport Games (FIA, no date)


Figure 2 shows the emissions from the FIA’s 2022 motorsport event, the main emissions were produced from travel and accommodation to the venue (83%). The emissions produced from running the cars is only 3%. This trend can be seen in Figure 3 which displays the breakdown of the 2022 CO2 emissions which highlights that approximately 14000 ton is produced from business travels, which equates to 73.5% of their overall emissions for 2022.
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Figure 4 displays the GHG emissions for McLaren Racing in 2022, highlighting a total value of 66110 tons of CO2. Akin to the FIA Motorsports event, the emissions from the vehicles are minimal, equating to 1981 tons of CO2 or 3% of the yearly total. It displays that the biggest emissions are from the production of vehicle parts, with 36% stemming from purely F1 development, and 24% from developing from their other motorsport series and marketing activities. Figure 5 highlights how CO2 intensive Formula 1 is in comparison to other motorsports series.
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[bookmark: _Toc161310651][bookmark: _Toc161564296]Figure 5: GHG Emissions per Racing Series (2022 McLaren Racing Sustainability Report, 2023)



Their 2019 emissions totalled to 84826 tons, where approximately 94% of those were produced in F1 alone. 2021 highlights a big growth in “other” emissions which can be assumed to be the electricity used by the boom in esports participation during Covid 19. However, the best comparison can be seen between 2019 and 2022 when Covid 19 restrictions passed. It shows that McLarens total emissions reduced by 22% compared to the 2019 baseline, even with their entrance into two new racing series: Formula E and Extreme E. It also highlights that F1 contributed approximately 81.7% of the total 2022 emissions, however it achieved a reduction of approximately 32.5% in comparison to the 2019 F1 emissions (2022 McLaren Racing Sustainability Report, 2023).
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Figure 6 shows the CO2 emissions for the Mercedes F1 team in 2022. They produced between 46168-52023 tons with 52% of that stemming from purchases and development. It highlights that the Mercedes 2022 emissions are approximately 21.3% lower than McLarens emissions for that year.

Figure 7 displays the emissions specifically tied to their F1 race team and shows a total CO2 output of 19068 tons. This is approximately 64.7% lower than McLaren’s CO2 emissions for their F1 team, however the comparison may be unfair as it is uncertain what is included in the McLaren data displayed in Figure 5. A reason for the high percentage difference may stem from Mercedes striving to use alternative sustainable fuels for their transportation methods, which results in an 80% reduction of CO2 emissions, as previously mentioned in section 2.2 of this report.
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Table 5 uses data from a study conducted in 2021 that analysed 96 international circuits that are used to host international motorsports championships of multiple disciplines. Multiple aspects of sustainability were considered and graded based on the categories listed in Table 5, for further information about what each category includes see the appendix. 






The results reflect how recent the changes within motorsport have been regarding sustainability. The percentage of venues that have these sustainability measures is incredibly low, with the highest percentage being philanthropy at 28.13%. This means that 27 out of the 96 tracks engage in donations and fundraising events for non-profit organisations. The second highest is accessibility with 18.75% of venues offering suitable facilities for the disabled. Based on the data, steps have been made to appease the public, however other sustainable measures have not been implemented or are in their infancy. The study found that the top three venues were Autodromo Internazionale del Mugello (Italy), Circuit de Catalunya (Spain), and Circuit Paul Ricard (France) respectively (‘RACING TOWARDS A SUSTAINABLE FUTURE A REVIEW OF THE SUSTAINABILITY PERFORMANCE OF INTERNATIONAL RACING CIRCUITS’, 2021).

[bookmark: _Toc161564305]Table 6: Top 3 Venues from the 2021 study
	Circuit
	Sustainability Measures

	Mugello
	· Has achieved all ISO awards, the EU EMAS accreditation and the FIA 3* Accreditation.
· Circuit uses 100% renewable energy, producing 25% of that on site via solar panels. 
· Has a rainwater recovery system for toilets and irrigation. 
· Works in conjunction with local services to promote travel by public transport.
· Created 1130 jobs and has an economic impact of 130 million Euros on the local community.

	Catalunya
	· Has achieved all ISO awards and the FIA 3* Accreditation and promotes numerous social-sustainability programmes.
· Circuit uses 100% renewable energy, has an all-electric fleet, and has numerous EV charging stations.
· Focuses on restricting noise from vehicles participating in their events.
· Actively promotes awareness on food waste and sources local healthy food for events.
· Venue is considered a Biosphere Committed Entity for Barcelona.

	Paul Ricard
	· Has the FIA 3* Accreditation.
· Using 99% LED lightbulbs and is transitioning to 100% renewable energy.
· Has installed 4 beehives in the surrounding area to collect and analyse air, flora and water pollutants.
· Has an all-electric fleet powered by their 20000m^2 of solar panels.
· Scored the highest of any track in the environmental categories.



Figure 8 shows Silverstone’s sustainability report for 2022 highlighting what they planned to achieve by the end of 2023 (Silverstone 2022 Sustainability Report, 2023)
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[bookmark: _Toc161564299]Figure 8: Silverstone’s 2022 Sustainability Report (Silverstone, 2023)

Figure 8 supports the 2021 study, highlighting why Mugello, Catalunya and Paul Ricard are rated highly. Silverstone is a prestigious venues that has been on the F1 calendar for decades, yet it appears that they have been slow in adapting the venues to improve sustainability, for example, one of their 2023 goals is to convert 25% of their fleet to all electric, whereas the aforementioned circuits had this complete by 2021. 
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The results in section 3 highlight the race cars themselves produce little overall emissions. It’s the authors opinion that the real CO2 reductions stem from sourcing green sustainable fuels that are used for the travel and commuting of the organisations/teams. Figures 2,3,4,6, and 7 all show that the majority of CO2 emissions stem from the production and transportation of purchased goods (F1 components), and team travel. Further study into sustainable diesel, aviation fuels, and green electricity would prove beneficial to not just the sport but the global effort to reduce GHG emissions as widespread promotion of these fuels could lead to implementation into public transports and commercial aviation.
The report has highlighted that tracks/venues are slow to adapt to the sustainability changes. This needs to be addressed throughout all levels of motorsport with the potential funding from governing bodies to promote sustainability at the tracks that they hold their championships at. 

[bookmark: _Toc161564334]Comparison to Other Industries

When comparing against other industries, the motorsport emissions pale in comparison to the output of sectors such as automotive. The automotive sector within the UK produced 427 million tons of CO2 in 2021, 109 million tons of which was produced from the automotive sector which equates to 25.5% of the overall emissions (Transport and environment statistics: 2023 - gov.uk, 2023). In 2019, it was estimated that the emissions from the F1 season produced a total of 256,551 tons, 0.24% of the automotive emissions for 2021 (F1 Sustainability Strategy 2019, 2019). 

[bookmark: _Toc161564335]Conclusion

The sections discussed in this report have looked at multiple aspects for sustainability within motorsport. It shows that there are sustainability measures being put in place throughout the entire system of motorsport from the governing body through to the venues and the people that attend. It’s highlighted that the FIA, and teams, are cemented into the carbon capture route and sourcing drop in renewable fuel sources. The FIA have laid out strong sustainability goals and incentives to promote sustainability and net zero within F1 by 2030. These goals appear reasonable; however, they are dependent upon how efficiently carbon capture technology can be implemented into the sport and whether this leads to an alternative, sustainable drop in fuel that can be used for F1 cars. When compared to the automotive industry, Formula 1 produces approximately 0.24% of the CO2 emissions, that of which it does produce, stems mostly from travel and production. This implies that sustainability within the sport is directly linked to the sustainability of the automotive/transport sector. Ideally, motorsport technological advancements in sustainable propulsion will be shared with the automotive sector leading to an overall reduction of emissions for both sectors. 
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Description of the categories used in Table 5 (UCL, 2021)
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How the Sustainability Circuits Index was formatted to score the tracks in relation to one another (UCL, 2021)
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Percentage of tracks for each criteria (UCL, 2021)
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commitment and behaviour of the organzation
through environmenta, social and ethical standards.
This could inlude the xplc eference to the UN.
Sustainable Development Goals,the UN Giobal
Compact, and the L0 requitions

19, ENGAGEMENT DEMONSTRATED THROUGH
ACTIVISM, EVENTS AND SUSTAINABILITY
INTIATIVES.

Events and iniiatives hosted by the circuit
focused on sustainabilty. Examples include the.
KiSS. (Keep it Shiny and Sustainable)promoted
by FIM,IRTA and Dorna or s on Track (50T)
promoted by FiA.

20, SUSTAINABILITY REPORTING
Disclosure o sustainable business polcies nd
practices through websitesor sustainabiy eports:
o engagement in carbon discosure programmes
(e the Carbon Disclosure Programme).

20 SUSTAINABILITY STRATEGY
Discloure o  clear and ambitious sustsinabiity
strategy comprehensive of SMART objective.
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Different points were associated to the various metrics for  total of 100 paints.
avaible.

‘The Sustainable Circuits Index was therefore created as an index ranging
f10m 010 100 (ghest level of sustainabilty performance).

Using the SClindex,the 96 cicuits were grouped into fie categories of sus-
tainability performance (normaizing the performance data over the score of
the leader).

Table2

Categoresof
sustainabitty Conesponds to 2 LOW SCI SCORE
perfomanca

associated with

the SClinden v

Cortesponds to a MEDIUM-LOW SCI SCORE

Y

Cortesponds to a MEDIUM SCI SCORE

rTYY

Cortesponds to 3 MEDIUM-HIGH SCI SCORE

TYYY

Cortesponds to 3 HIGH SCI SCORE
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Figure 1 only 1of the.
96 circuits analysed falls
inthe top sustainability
performance category,
highlighting the need
for greater disclosure.
and/or engagement.
across the industry.




