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This report will focus on the sustainability challenges that face the off-road industry, with a particular focus on the Motocross and Enduro industries. These are the industries which continue to be at the centre of many controversies. Through looking into off road industry, it will offer a better insight on how the industries work and what can be done to improve and development them for a more sustainable future. By centring the discussions around the destruction of land use, the soil and noise pollution, as well as the different types of fuels that are currently used, it will discuss the sustainability challenges that are faced by the industry. 
Additionally, this report will focus on the future outlook for the off-road motorcycle industry, in terms of sustainability, through discussing different techniques that are being utilised by governing bodies to ensure that the sport can continue, and the carbon footprint of the sport is reduced. By adopting these regulations at all levels, from professional to grassroots it can be hoped that the sport will adopt more sustainable practices and ensure the longevity of the sport. 
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In the off-road racing industry, it is very common for the land during racing to get ruined, or destroyed, by the vehicles which in turn makes it impossible for plant life to grow therefore making it barren (Curtis, 2000). Although this can be minimised through the introduction of barriers, or larger turning areas it cannot be eliminated. 
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Although there has been the introduction of barriers, and the prevention of off-road motorbikes, outside of track conditions in certain areas or countries, such as Austria and Germany, this still remains a common issues for the motorcycling off-road industry. Despite the introduction of barriers, or track markings, which can allow for the land to return to its original normal state, the introduction of repeated racing can cause an increase in ecological damage and can leave the land ruined for a temporary amount of time. Uberti et al have commented on the ecological impact of the offroad industry, suggesting that this further impacts the terrain of local areas (Uberti, et al., 2017, p. 281). They argue that there is wider sustainability impacts, not as a result of rogue riders, who continue to ignore guidance, but because of the weight/power ratio of the vehicle (Uberti, et al., 2017, p. 282). 
This can be commonly seen in Figure 1, which indicates the land damage that can be caused from off-road vehicles. Uberti et al have suggested that the power of off-road vehicles can further cause untold damage to the environment and displace the soil (Uberti, et al., 2017). This can be further increased through an increase in power and acceleration when combined with the weight of the rider, which can increase soil displacement and destruction (Uberti, et al., 2017). This issue is often increased in race conditions, where there is a larger power, and speed increase (Uberti, et al., 2017). 
However, unlike in road races, where there are often large areas of hard-standing tarmac or permanent structures, or where the land has been flattened for paddock usage and the track the off road motorbike industry continues to use land that has alternated prior to events for the paddock, or uses minimal amounts of land for this, especially when compared to road races. In professional or semi-professional events, there is often a hard standing or dedicated paddock areas, where there is minimal impact to the environment, and it is in a controlled area.  This does however continue to be continued challenge for the off-road motorbike industry. 
One possible solution to prevent this, would be to adopt similar tactics to that of the World Rally Championships, who close roads off for paddock and spectator usage, therefore not alternating the surrounding land, which is not touched or altered for the event. The WRC has adopted changes to the adoption of the WRC ruling announcing that there would be ‘buffer zones’ introduced around the WRC site, and the paddock in order to ensure sustainability and that diversity can be protected (WRC, 2023). This prevents further damage to the environment, and ensures that when the vehicle needs to go off the track for any reason, that the damage to the land is limited. However, there has also been an increased awareness of the impact of spectators on the sport, specifically the damage to the track that they cause at events through the standing areas, and walking to these areas. Peric and Vitezić have highlighted that since the COVID-19 pandemic there has been an decrease to the limit of spectator numbers to the events, and the usage of existing hard-standing structures (i.e roads) for spectator viewing areas in order to minimise the environmental damage (Peric & Vitezić, 2023).  
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In conjunction with this, there is also an increasing problem in off-road events in regards to soil pollution caused by fuel, oil or other hazardous waste caused by spillages and leaks from crashes or damage. This then poisons the land and water supply, which can reduce the amount of fertile land and clean water for animals and plants. It is increasingly harder to clean up spillages/leakages due to the dirt drawing in the fluids in comparison to road tracks as concrete creates a barrier between the spillage and the earth making it easier for the hazardous waste to be cleaned up by the professional teams and companies. Very similar fuel or similar leak are harder to control especially with looser ground such as rotated mud or sand make it harder to clean up which can react poorly in these environments making the soil unusable.
Due to the increase in reliance of motor vehicles, the need for oil in different applications not including fuel such as grease and tyres have increased, and this is something that has remained the same for motorsport industry. In 2021 alone, 3.72 M thousand toe (tonnes of equivalent oil) was produced in the world which was an increase on 3.4M thousand toe was produced in the year 2000 (OECD, 2021).  This clearly indicates that there is still an ongoing demand for oil in the off-road motorcycle industry, and therefore there is a significant chance of soil pollution, given that the majority of vehicles continue to use oil-based products.
One of these products includes tyres. In the 2024 FIA World Rally Championship Sporting Regulations 15.1 it states ‘A maximum of 7 tyre change opportunities are permitted on any one rally’ where it is open to interpretation where the maximum of 28 tyres would be used, whilst in the FIM (Fédération Internationale de Motocyclisme) and AMA (American Motorcycle Association) have been given no tyre limit for a single race weekend which may be due to minimal restrictions or limited need for tyre changes due to shorter race times (Federation Internationale De Motocyclisme, 2023, p. 30). With these in mind the wastage that comes from all these products is large. At this current time there is very little ways to recycle tyres due to its thermoset type so it cannot be broken down and reformed, which normally cause the tyres to go to landfill site which take up to 50-80 years to degrade and with 290 million tyres discarded every year, therefore this is a major issue that needs to be looked into (Metro Recyling, 2016). These include the uses of petrol in the off-road industry, with Idemudia et al commenting that the contamination of soil from motorcycle engine oil was increased over time, and affected the soil bacteria, which in turn has the further ability to impact the environment, due to the increase of hydrocarbon degraders, which increased the ‘oil contamination’ and ‘increased the sensitivity of the microorganisms [which in turn] effected the carbon and growth rate for other organisms within the soil’ (Idemudia, et al., 2014).
With the possibility of leaks from either the engine of the fuel tank, spilling blankets have begun to be added into rulebooks for these sports in order to help to minimise and reduce the amount of soil pollution. This has been more commonly introduced at larger sporting events both for amateurs and professionals. This includes the Weston Beach Race where spill blankets were mandatory for the applicants to race (RHL Activities, 2022).
Minimising soil pollution is one of the more difficult challenges where tyre wear is prominent, as tyre particles can get into the ground which is harder to control due to the wear and tear of the tyre particles being so small.  Kim et al have discussed the impact of tyre particles on environments, arguing that the tyre particles that are generated from off-road vehicles are exposed the plants, and other organisms ‘by changing soil properties affecting soil organisms and therefore increasing the soil environment toxicity’ (Kim, et al., 2022). However, they note that this is not exclusively an off-road industry problem, with this remaining a clear issue throughout motorsport (Kim, et al., 2022). 
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A continued sustainability challenge in the off-road industry, is noise pollution, which can be created by vehicles engines as well as the large racing audiences which can be a large part of the noise pollution. Noise pollution can cause upset to local fauna scaring them away from their natural habitat and on top of that upset in regard to local residents (The Motoring Organisations's Land Access & Recreation Association, 2016). In order to minimise or to reduce this problem noise testing has become a common occurrence. The FIM regulations for the motocross world championship, for example, state that ‘the motorcycle must be tested at the exact conditions at any time of the event’ and includes the testing of ‘exhaust pipes and silencers’ to ensure that the limits have been adhered to (FIM, 2024).  The restrictions on this can be further limited through the noise testing, which can be seen in figure 2 below, for FIM Motocross and Enduro events:
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	Motocross World Championship

	Discipline/Class
	Maximum Sound Limits

	
	Before the Race
	During or After

	MXGP, MX2, Women MX (2-Stroke, 4-stroke)
	114.0 (Target 112.0 + 2.0 for the precision of the method)
	115.0 (Target 114.0 + 1.0 for the degradation of the silencer)

	Enduro 
	111.0 (Target 109.0 + 2.0 for the precision of the method)
	112.0 (Target 111.0 + 1.0 for the degradation of the silencer)


However, these are going to be further reduced in 2025 to the sound levels in Motocross for the 2025 season being:
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	Motocross World Championship

	Discipline/Class
	Maximum Sound Limits

	
	Before the Race
	During or After

	MXGP, MX2, Women MX (2-Stroke, 4-stroke)
	111.0 (Target 109.0 + 2.0 for the precision of the method)
	112.0 (Target 111.0 + 1.0 for the degradation of the silencer)


These sound levels are often further enforced at the amateur level in order to minimise the disruption to the environments, however, there is also time restrictions imposed in the UK by local authorities in order to restrict the disturbances to the environment and local population. for off road tracks and forest usage. This can be seen by the West Suffolk Council where Mildenhall Motocross Track practise and race meeting were limited to 9:00 to 16:00 on Tuesdays and Thursday from January to December and 9:00 to 18:00 on Saturday and every other Sunday from June through to August, that needs to be adhered to, otherwise there will be a risk of track closure (West Suffolk Council , 2017).
Doytchev further comments on this issue suggesting that the noise pollution caused by the off road industry can further cause upset to the environment, especially in sports such as motocross in where they can be ‘128 db when motorcycles are in operation 70% of the sporting event’ for a dirt-track race, and ‘137db when motorcycles are in operation for 40% of an event’ for sand tracks (Doytchev, 2019). This issue is not solely an off-road industry issue but a road racing industry issue. It is one of the main reasons why local tracks and race tracks get shut down every year and one which needs to be rectified, with road racing with motorcycles often causing sound levels of ‘135-138 db when in operation for 40% of the race’ (Doytchev, 2019).
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There are also further sustainability challenges that face the off-road motorbike industry, these include the phasing out of single use tear offs which have continue to plague the countryside over the years. There has been a continue move from governing bodies to phrase out these tear offs, in return for more sustainable options, which include roll off goggles which kept the goggles clean without using single use plastic, that ends up littering the forestry and farmland damaging the ecosystem in the process (Autocycle Union, 2015).It can be seen in all motocross events and can be seen in as a problem in the British Downhill series due to the cost of the clean-up (Smurthwaite, 2018). These have begun to be phased out throughout the industry and through racing. 
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It is often harder to police and implement however these sustainability measures that have been introduced at the amateur level within motocross and enduro races, however there has been open discussions to encourage more sustainable practices. For example, whilst it is possible to introduce noise testing, there is a limitation on the amount of noise testing and bikes inspections can be achieved for smaller tracks due to the costs associated with noise testing. Therefore, limiting the options available to become more sustainable. 
At the current time the FIM has a sustainability strategy from 2021-2025 which has ‘Our 2021-2025 Sustainbility Circuit’ which involved six main strategic priorities which included ‘Awareness’ that involved encouraging people and organizations to adopt sustainable practises, and ‘Climate’ which involves trying to reduce CO2 produced or going CO2 neutral (FIM, 2023).
However, it is possible for the off-road motorbike industry to adopt similar patterns to that of other motorsport industries. Extreme-E surrounds itself as an environmentally friendly event, where in its first year it was carbon neutral event (Extreme E, 2023). This showed that it was possible to put on an event minimising the affects to the environment. They did this through different means, such as all the vehicles used recycled batteries which were previously used in electric buses (Extreme E, 2023). To further help push this, the personnel used was limited to 7 per car, which included 2 drivers, 1 engineer and 3 mechanics (McLaren, 2022). However, one of the biggest and possibly most controversial rules is that there were no spectators allowed at the event, thus removing the spectator travel costs and carbon footprint (Extreme E, 2023). Additionally, the event has started investigating the usage of alternative fuels as an option, that include hydrogen cells, removing the need for lithium for the more carbon friendly green hydrogen (Exteme E, 2023). This include making two separate events for Extreme E until the hydrogen vehicles take off (Exteme E, 2023).     
In the off-road industry, there also needs to be a further move to partner with more sustainable fuels, such as those seen in the World Rally Championship (WRC). From 2023, the WRC has partnered with P1 Fuels to run climate neutral fuel for the next two years where the fuel is created from alcohol (Federation Internationale De L'Automobile , 2023, p. 63). This means from section 62.1 .1 in the in the 2024 FIA World Rally Championship Sport Regulations ‘All P1, P2, P3 and P4 drivers must use FIA fuel as provided by the FIA-appointed supplier’, which under current agreements is the P1 fuel (Federation Internationale De L'Automobile , 2023, p. 64). The fuel used, has a well to wheel emissions reduction of up to 80% in comparison to current fossil fuel, therefore helping to championship to reduce its carbon emissions and move toward a carbon neutral events in the coming years (Federation Internationale De L'Automobile , 2023, p. 64).
For the short-term sustainability, whilst electric bikes are slowly growing in popularity, finding ways to reduce noise is a priority. This can be done through updating and improving on current mufflers as said before there are current regulations which are clamping down on noise pollution dropping the maximum noise from 115dbs to 109dbs thus minimising what can be heard further afield (FIM, 2024). In the long term, electric bikes are probably one of the best options for motocross and Enduro due to its close to zero noise apart from the mechanical sounds, which under 45 km/h lays around 80dbs, which sits below the maximum motocross limit of 109dbs from 2025 (Sheng, et al., 2016, p. 77) (FIM, 2024).
With the possibility of E-Bikes being used more often, it will mean that the disposal of end-of-life lithium batteries will increase. Whilst the common lead batteries in EU countries have a recycle efficiency of over 65% back in 2021 (Eurosat, 2023). The main challenge is the cost of recycling EV lithium batteries due to the complex and expensive ways they are recycled, as well as the efficiency of the recycling where the lithium recovery is between 40-80% recoverable making it for some unworthy of recovering resorting to landfill (Ziemann, et al., 2018, p. 79).
To reduce soil pollution more ways are needed to reduce the chances, these could include areas to recycle oils, components and other miscellaneous parts of the bikes which can be reused for similar purposes reducing the need for fossil fuels (Hook & Tang, 2013, p. 798). This would help reduce chances of oil being thrown into landfill. To further involve this products such as the spill blanket will need to become mandatory in most if not all events and practise days to reduce the chances of soil pollution. There also needs to be further integration and conversations between manufactures in order to find more sustainable ways to produce and promote more eco-friendly products such as cleaning products, grease and oils helping improve relations between the consumer and manufacturer. In conjunction through speaking to government representatives, and key local community stakeholders and motorsport organisations, it can be hoped that race tracks can continue to exist in local communities. By ensuring that these tracks can stay open, and through including more sustainable practices it could hopefully bring more spectators to the retrospective sport and keeping the interest going.
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Throughout this report, it can be seen that there are many sustainability challenges that face the off-road motorcycle industry which include the continue use of land damage, noise pollution, and soil pollution. Despite that these challenges, there has been some movement towards working for more sustainable practices, which include the limitation of noise pollution, the introduction of spill blankets, and restriction of usage of certain equipment including tear offs. There does however need to be a bigger push from organisations such as the FIM, local motorsport companies and government to push for a more sustainable and eco-friendly future, where the sport can flourish. 
There needs to be further introduction of tighter legislation and regulations to further restrict unsustainable practices. Regulations must be introduced early on in order to change the attitudes of riders and spectators alike. There also needs to be further support given to those at the grassroots and amateur levels to ensure that these practices can be completed throughout and be sustained. This would ensure that those at all levels of sport are able to continue to support the off-road motorcycle industry and ensure that the sport can continue in a clean energy future. 
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