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[bookmark: _Toc160801458]Introduction
[bookmark: _Toc160801459]As global attention intensifies on sustainability and environmental stewardship, motorsport, and specifically Motorcycle Racing, is under heightened examination. The sector is compelled to reconcile its operations with the imperatives of environmental care. Defined by Brundtland (1987, p.41) as "Development that meets the needs of the present without compromising the ability of future generations to meet their own needs," sustainable development necessitates that MotoGP, along with its collaborators Dorna and the FIM, devise and enact immediate, effective solutions. These strategies are crucial for ensuring that the world of motorcycle racing can sustain its legacy and contribute positively to our planet's future.
Aims
This report aims to delve into the sustainability of motorcycle racing, with a particular emphasis on MotoGP, analysing its environmental impact, the steps being taken to mitigate such effects, and the future directions that could further embed sustainability into the sport's core.
[bookmark: _Toc160801460]Objectives
This report will explore the current state of sustainability within MotoGP, examining how environmental concerns are being addressed through technological innovations, regulatory changes, and the adoption of green practices. It will also consider the challenges and opportunities that lie ahead, such as the potential for further reducing emissions, enhancing energy efficiency, and engaging with fans and stakeholders on sustainability issues.


[bookmark: _Toc160801461]Environmental Impact
An Environmental, Social and Governance (ESG) report has been produced by Dorna for 2021 and 2022. Within this report is statistics on CO2 emissions, waste, and energy consumption. 
Arvidsson and Dumay's 2021 study on Swedish ESG disclosures shows increasing numbers and improved quality of reports but no substantial progress in ESG performance since 2015. ESG report performance is assessed based on targets, measurability of targets, timeline specificity, and the impact of the initiatives. On top of this, Kaplan and Ramanna (2021) highlight that companies often choose to report only favourable ESG data, attributing this to the broad scope of ESG reporting and calling for a more thorough reporting system. Furthermore, Kotsantonis and Serafeim (2019) detail the inconsistencies, differences and disagreements present in ESG data, hence potentially not revealing the full truth. It is therefore worth noting that, although the data from Dorna’s ESG reports are used to outline and discuss the environmental impact of MotoGP in this report below, there is no guarantee of its comprehensiveness and bias may be present.  
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Description automatically generated]In Dorna's 2021 report, CO2 emissions for a single MotoGP round in Portimao, Portugal were recorded at 2061 tonnes, averaging 35kg per spectator. Figure 1 illustrates the CO2 sources, highlighting that motorcycle emissions were minimal while employee and spectator transportation accounted for nearly two-thirds of the total. Although the 2021 MotoGP season spanned 18 weekends, suggesting potential season emissions of approximately 37,098 tCO2, this estimate may not hold across all locations due to varying distances to the circuits, especially for European-based staff and teams. Nevertheless, the 2021 calendar was largely impacted by Coronavirus, resulting in the cancellation of all but one non-European round. Figure 1 - Make up of CO2 produced from Portugal MotoGP weekend in 2021 (Dorna, 2021, p.69)

[image: ]For the entire 2022 MotoGP season, Dorna (2022a, p.77) reported total CO2 emissions of 101,097 tonnes. Figure 2 offers a detailed breakdown of emission sources, showing that material and employee transportation combined accounted for two-thirds of emissions. Notably, the CO2 percentage from spectator transportation dropped significantly to 7.3%, compared to 23% in the single round reported in Portugal for 2021. This change likely reflects the diverse locations of circuits in the 2022 season, affecting travel distances and transportation modes. In comparison, MotoE only produced 732 tonnes of CO2 in the same year, roughly 140 times less than MotoGP.Figure 2 - Breakdown of CO2 produced by MotoGP in 2022 (Dorna, 2022a, p.77)

In Dorna’s 2022 Sustainability Report (Dorna, 2022b, p.77)  it is claimed that 3,146 tonnes of CO2 emissions were avoided due to remote TV production, resulting in an average of 86 workers not travelling to each round of MotoGP. On top of this, 18,253 surplus meals were donated to non-profit organisations as well as 240 litres of water, with 96,000L saved from using alternative counterweights for MotoGP VIP village structures. 747,665 tonnes of CO2 emissions were avoided due to recycling. 
Dorna’s ESG reports both mention noise emissions but have no quantitative solutions to this. The 2019 study by Doytchev on the impact of Automotive and Motorcycle sport on the environment, discuses noise pollution, with strong noise having the potential to force animals out of their habitats. Doytchev (2019, p. 862) also outlines the importance of proper maintenance to avoid coolant and oil leaks, hence protecting the soil. Ground protection is also briefly mentioned in Dorna’s ESG reports (Dorna, 2021 and 2022a, p.12 and p.81 respectively), but with no further discussion beyond ‘continuing to develop environmental standards and guidelines.’
As discussed by Wood (2011, p.33), rapidly upgrading designs and short life components can result in waste disposed of in landfill. Hence, the manufacture of sustainable and recyclable components for motorsport is essential for sustainability. Mayyas et al. (2021, p.1849)  support this analysis, stating that longer lasting products/components reduces both resource use and waste generation. Restrictions on the amount of components allowed per season is an effective method to minimise this effect, yet allowing 7 engines per season  by MotoGP is still almost double allowed in Formula 1.  


[bookmark: _Toc160801462]Sustainable Practices and Legislation
The Federation Internationale de Motocyclisme (FIM) developed an environmental and social initiative at Mugello in 2013 named KiSS (Keep it Shiny and Sustainable) which covers waste collection and recycling as well as social initiatives and food collection programmes. It has since spread to other circuits and championships/events. (MotoGP, 2024a)
Dorna adhere to ISO 20121 for sustainable events, which was introduced in 2013 after the London Olympics, with Dorna only obtaining certification in 2022 (MotoGP, 2022). As discussed by Salama (2021, p.34), ISO 20121 applies to ‘any organisation or individual’ and applies to all types of events. According to Walker (2012, p.7), ISO 20121 takes a ‘process-based’ approach consisting of planning, implementation and review. This approach, compared to a more performance-based approach, allows a degree of flexibility, assuming all organisations are different, with the only requirement in meeting of internally set targets (Walker, 2012, p.11).  Pelham (2011, p.189) discusses how the introduction of ISO 20121 would likely push suppliers to want certification to maintain clients brand image, hence allowing them to win business. 
Dorna’s ISO 20121 Policy (Dorna, 2022c) outlines its commitment to sustainable management, with implementation of the following values to align with ISO 20121: ‘Responsible management, Inclusion and accessibility, Integrity, Transparency, Participation and Legacy’. Dorna promise in this report to reduce environmental footprint as well as ‘maximising social and economic impacts’. On top of this, Dorna aims to contribute to the United Nations Sustainable Development goals by reducing CO2 emissions, minimising waste and natural resource consumption, raising awareness by influencing supplies teams and circuits and providing accessibility for disabilities and building a diverse environment, among other initiatives. 
From the Dorna Sustainability report (2022b, pp.7-8), some circuits also have additional ISO accreditations, with ISO 9001, ISO 14001, ISO 45001 and ISO 39001 seen. Most importantly with regard to sustainability is ISO 14001 on Environmental Management, seen at Mugello, Catalunya and Valencia. ISO 14001, officially released in 1996, requires companies to identify their environmental impact and hence generate environmental goals and hence develop a policy to achieve these goals. (Jiang and Bansal, 2003, p.1048). Tari et al. (2012, p.304) evaluate the benefits of ISO 14001, showing benefits in environmental performance, efficiency and profitability as well as in company image and better relation with stakeholders.  
ISO 9001 relates to Quality Management, and has seen large growth, as discussed by Sampaio et al. (2009, p.42), due to suppliers seeking certification to ensure continued international trade. Both Mugello and Misano circuits hold this accreditation, with Mugello being the first circuit in the world to achieve this in 2017 (Mugello Circuit S.p.A, 2024). 
ISO 45001 relates to health and safety and Malaysia is the only circuit of the 2022 MotoGP calendar with this accreditation. ISO 45001 is described by Agus et al. (p.14059) in their 2020 study as incorporating risk assessment and operational planning. Agus et al. (2020 p.14065) go on to show a better corporate image and a significant reduction in injuries and costs with the implementation of ISO 45001. 
Lastly, ISO 39001, accredited to Valencia alone, is on Road Traffic Safety Management, applicable to the transportation of goods and people, and operations generating demand for transport, among others. (Crackel and Small, 2010, p.3) Hence, an important consideration for a large event, with numerous fans, staff and equipment transported to the circuit for a MotoGP weekend. 
[image: The UN SDG's - BlueSphere]Dorna’s Sustainability report (2022b, pp.12-13) comments on how its meeting the United Nation’s Sustainable Development Goals shown below In figure 3. Figure 3 - United Nations Sustainable Development Goals (Global Goals, 2016)

KiSS actively contributes to Goal 2, Zero Hunger, by gathering unused food from MotoGP events. Goal 4, Quality Education, is addressed with the ‘Road to MotoGP’ talent development programme. Both goal 9 and 13, Industry, Innovation and Infrastructure, and Climate Action are pursued through the adoption of MotoE and the use of sustainable fuels. Sustainable cities and communities, goal 11, is reached with multiple initiatives to positively influence the communities in which they operate. Finally goal 17, Partnerships for the Goals, is aimed for with the cooperation of the MotoGP suppliers, the FIM and Teams. 

[bookmark: _Toc160801463]Sustainability and Technological Challenges
MotoGP has committed to using 40% fuel from non-fossil origin by this year and 100% non-fossil origin by 2027 in all MotoGP classes (MotoGP, 2021). This results in net zero carbon emissions, but as discussed in the Environmental Impact of MotoGP above, the racing motorcycles make up a very minute portion of total CO2 emissions. 
From a challenge point of view, these fuels need to be ‘drop in’ and therefore work without any fuel system modification. For racing, it is also important that performance is maintained by ensuring the same energy density of the fuel. In their 2023 study, Puksar et al. analyse the power output and emissions of a sustainable fuel in a high performance motorcycle. An 85% ‘super ethanol’ fuel was found to have greater power output than standard fuel but less than race fuel. With regard to emissions, the synthetic ‘super ethanol’ with 85% ethanol showed reduced emissions compared to both thanks to the oxygen content in the fuel. Puksar et al. (2023)  suggest for high ethanol fuels a change of mapping is required, with  no mechanical differences. This philosophy of requiring no mechanical changes is backed up by a recent video from MotoGP (2024) discussing this year’s integration of 40% sustainable fuels. 
The main technological challenge for achieving the targets is the production of the synthetic fuels. Hanggi et al. (2019, p.556) and Ridjan et al. (2013,p.78) both outline the process with electrolysis of water required to produce hydrogen and the removal of CO2 from the atmosphere to allow for the synthesis of the desired hydrocarbon fuel. Pregger et al. (2019, p.3) analyses the challenges of producing sustainable fuels on a large scale, attributing them to the availability of renewable electricity and CO2 at high concentrations. Moreover, Pregger et al. (2019, p.5) evaluates the production cost of synthetic fuels at approximately 4 times that of fossil fuels. 
In their 2019 study, Leal Filho et al. discuss the challenges facing sustainable development, suggesting that sustainability is restricted by lack of political commitment, unclear responsibilities and inadequate cooperation. However, challenges applying to MotoGP may differ from this, with proven cooperation between the FIM, Teams and Dorna, as well as Dorna showing commitment to sustainability. 
As a global sport, with rounds across the globe, it is difficult to reduce the carbon footprint of the two biggest factors, shipping of materials and transportation of employees. As discussed previously, Dorna have reduced carbon footprint by having employees work remotely, however this prospect is potentially limited for team staff.  Moreover, reducing the number of rounds or  removing some ‘flyaway’ rounds is also as unachievable, hence relying on the shipping/transport industry’s reduction of carbon emissions. 

The challenges of sustainability in motorsport, particularly concerning the extensive resource and material consumption, stem from the industry's reliance on constant upgrades and the use of short-life parts as discussed by Wood (2011, p.33). Motorsport's sustainability is hampered by the need for frequent replacements and updates of vehicle components, which are often made from rare or specialized materials. These practices not only contribute to significant material use but also generate substantial waste, as parts quickly become obsolete due to the rapid pace of technological advancements and competitive pressures for performance enhancements. The sector's drive for constant improvement, while beneficial for competition and innovation, clashes with sustainable practices, as supported by  Traverso et al.’s (2015, p.13)  claim of reduced material consumption being beneficial for the environment. Hence the challenge for reducing resource and material consumption is significant, as balance must be met between the competitive edge that comes from rapid technological development and the imperative for environmental sustainability.
· 

[bookmark: _Toc160801464]Future Outlook
The future outlook ensures use of synthetic fuels as promised by MotoGP in 2021. As discussed previously this would result in net zero emissions yet with a higher cost compared to fossil fuels. Moreover, as seen in figure 2, the racing motorcycles make up a small proportion of MotoGP’s total CO2 emissions. However, this is still an important step forward, no matter how small the effect.  
Moreover, there are plans for the next big regulation change in MotoGP in 2027 to reduce the capacity of MotoGP bikes from the current 1000cc to 850cc. The main objective of this change is safety, to reduce the speeds the motorcycles are reaching. As a bi-product of this capacity reduction is lower fuel consumption and hence fewer carbon emissions, as supported by Georghiiu (2015, p.230). Moreover, with smaller engines, they are more likely to be consistently running at a higher rpm, leaving less time for NOx production as stated by Duffy and Mellor (1998, p.1004-1005) and Luo et al. (2019, p.17100) . This is likely only a small reduction and only applies to the MotoGP bikes, ignoring Moto2 and Moto3. 
A 2023 article by Ricardo discusses how sustainability will shape the future of motorsport, mentioning ESG credentials becoming a necessity for suppliers, as well as noting formula E’s removal of public parking to encourage public transport and Extreme E not allowing spectators. Although not an academic reference, Ricardo is a reputable source and hence provides some good insight into how motorsport may change in the future. Both Formula E and Extreme E show methods beneficial to the environmental impact of race events and if applied to MotoGP would significantly reduce CO2 emissions from transportation of fans, currently contributing over 7% of CO2 emissions in 2022. (Dorna, 2022a, p.77) 
As discussed previously, there is no strategy in place for the reduction of noise. A 1999 study by Snellgrove (p.28) discusses the use of track furniture to confine noise to within track boundaries, namely using ‘safety backs’ (tyre walls back with earth) and slightly angled back boundary fence boardings to achieve good results. This type of solution is likely much more agreeable to teams instead of inflicting noise limits to bikes, which would restrict performance and add weight. 
Further restriction on number of component replacements could be brought in to reduce the excessive resource and material consumption of short life parts. Moreover, more sustainable materials and production methods need investigation to reduce the impact. MotoGP’s (2024b) recent video on the integration of sustainable fuels suggest further steps from 2027 to increase engine efficiency as well as pushing for tyres to be made from more recyclable materials. 

[bookmark: _Toc160801465]Conclusion
Due to limited data it is difficult to see any progression in the reduction of CO2 emissions from MotoGP. The limitations of comparing CO2 emissions in one circuit in 2021 to a whole season in 2022 have been discussed, hence unable to take any definitive conclusions from any differences between the two years. Future work would be beneficial once Dorna’s 2023 ESG report is released to effectively compare CO2 emissions between seasons. Moreover, limited strategy is in place for other issues such as noise and ground protection.
Although ISO 20121 accreditation has been achieved, there is no specific quantitative targets for improving sustainability of the sport. However, decent steps, with varying initiatives, have been taken to work towards multiple of the United Nations Sustainable Development Goals.
It could be argued Dorna, the FIM and MotoGP are not doing enough to work towards a sustainable future, however with significant challenges, this becomes difficult. The amount of employee travel and shipping of materials would be the most effective method to reducing CO2 emissions. However, a more sustainable solution for this is out of their control without significant change of the MotoGP calendar, which could result in extensive backlash from fans. Moreover, an admirable change is seen with the introduction of sustainable fuels, despite their increased cost and complexity of production. A sustainability challenge is also present in the consumption of materials and resources for the production of short-life and constantly evolving components. 
For the future, MotoGP will benefit sustainability through use of synthetic fuels and the likely reduction of engine capacity in 2027. Changing fan transportation to reduce emissions was discussed, either through public transport to the circuit or disallowing spectators. Potential solutions to noise pollution without affecting the motorbikes were suggested, involving carefully placed track furniture to constrain noise inside the circuit. Plans are suggested to be in place to improve engine efficiency and increased usage of more recyclable materials from 2027.  
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Cansumables tyres) a7

ToTAL 101,079 100%

The main source of emissions is the transportation of employees to the event, which
is carried out mainly by air, followed by logistics operations—mostly by air—involving

wahiclac cantrallad by tha variaus. arnanic atione narticinatina.in tha uant.
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