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[bookmark: _Toc161689252]Introduction
Sustainability, the guiding principle for balancing present needs with future generations' well-being, is paramount across various domains, including engineering and energy production. In engineering, sustainability entails designing solutions that minimize environmental impact and optimize resource use, encompassing practices like green design and renewable energy utilization. Engineers play a pivotal role in developing innovative technologies that promote sustainability across industries, from construction and urban planning to mass-production cars and green-images in motorsports. In alternative fuels production, focusing on minimal environmental impact through renewable feedstocks and energy-efficient processes is important. Sustainable usage of alternative fuels, in transportation and energy systems, involves optimizing efficiency and reducing emissions, thus contributing to a more environmentally friendly and resilient future.
This report will consider the sustainability challenges involved with alternative fuels for primarily automotive transportation, although the topics covered concern multiple variants of combustion powered vehicles, such as shipping or commercial aerospace. The present-day impact must be quantified, and current legislative organisations or laws identified, then a solution can begin investigative steps of research, development, testing and eventual deployment. Lastly the system should be monitored to ensure the safety of its users, and once public trust is earned in the debut liquid fuels, it’s roll-out can continue nationwide to reduce the rate of pollutant emission from the mass-market road transportation area of public mobility.

[bookmark: _Toc161689253]Environmental Impact
The global use of combustion powered vehicles means pollutant emissions into the atmosphere will continue rising, but halting the rate of growth of contaminant gases and particulates is the aspiration for a cleaner future. Figure 1 shows the International Energy Association’s data where road vehicles are the largest CO2 producers, peaking in 2018 with 5.97Gt (5.97x1012kg, almost 6 billion metric tonnes) annually, due to the shear amount of 1.08 billion registered cars in the world (Davis & Boundy, 2022). Less developed countries with lots of vehicles such as India will have lower emission tolerances than that of the UK, U.S. or Japan, and likely more older cars/trucks which will be the bulk of this huge yearly amount of GHG pollution when compared to modern vehicles. Various fuels power these vehicles but the main two are petrol and diesel, made from cracking crude oil, to which around 4.4 billion tonnes (4.4x1012kg) of oil is annually extracted from the earth (Statistica, 2022) and distributed across nations. This high-value trade can cause conflict between countries over who owns oil-rich land and thus who receives the income, as well as certain economies relying on its fluctuating price. As of writing this report its mean price according to (Trading Economics, n.d.) is $77.75 per barrel (containing 42 US gallons, 159 liters) but it’s ranged from $18 during the Coronavirus pandemic, to $140 during the Oil Shock (Hamilton, 2008).[image: ]Figure 1: Global CO2 emissions from transport in Gigatonnes (not including car/fuel production)

Carbon Dioxide is not the only greenhouse gas, nor is it the strongest GHG; Methane (CH4) is a basic fuel when pressurized into compressed natural gas (CNG) but it has alarming heat-trapping potential  in Earth’s atmosphere, where on a 20-year timescale it could be 84x more potent than CO2 according to the (European Commission, n.d.). Abandoned oil/gas wells can leak Methane if the sites are not decomissioned properly, where 18 different sites in the UK and U.S. were measured constantly over a year by (Riddick, et al., 2020) with an unexact verdict. The recorded leak range was 0.2-81,000mg per hour per well, with no size/variability correlations as well as high-emission bursts being ‘short-lived so short-term sampling is likely to miss them’. There are at least 117,000 abandoned oil/gas wells in the United States alone (Weiss, 2023), so if ½ of them are venting at 1% the maximum leak rate, that’s ~47kg of Methane escaping to atmosphere per hour, every hour. CH4 is not a readily useable fuel in mass-market vehicles, but petrol engines can be converted to run on CNG, although it’s more sensible to use Methane (CNG) in residential gas supply, to which if otherwise wasted energy is capturable, it’d be preferable over extracting more fossilized resources.
A large public mobility movement in the UK is the transition to E10 petrol, representing a multifaceted effort aimed at reducing carbon emissions in the automotive sector, but it also poses challenges regarding vehicle compatibility, cost, availability, and public perception. While E10 petrol offers environmental benefits by containing up to 10% Ethanol (C2H6O) from renewable sources, some older vehicles may be incompatible due to potential issues with seals, hoses, and engine components not designed for higher ethanol blends. This incompatibility raises concerns among owners of such vehicles, who may face increased maintenance costs or the need to seek out alternative fuel options. Additionally, there are considerations about the accessibility of E5, the previous standard, across the country's fuelling infrastructure for comparable cost, which could impact consumer adoption.
Alternative fuels production from corn presents a promising avenue for reducing reliance on fossil fuels, leveraging existing fuelling infrastructure for widespread adoption, unlike EVs which require major nationwide electricity infrastructure upgrades. Ethanol, if derived from biomass, serves as a renewable and cleaner-burning fuel option for vehicles, blending smoothly with gasoline and thus utilizing established distribution networks. However, the feasibility of corn-based alternative fuels hinges on the surplus supply of feedstocks to avoid competition with food production. This surplus ensures the ethical sourcing of corn/biomass without impacts on food prices and availability. Despite its potential, careful consideration of environmental impacts, such as land use and water usage, is needed to justify effectiveness. It doesn’t matter how good a proposed fuel is, if it cannot be produced and delivered in 7x109liters annually, it will not replace ~½ the nation’s yearly hydrocarbon petrol consumption (Statista, 2022), and if it’s more expensive than traditional fuels or requires vehicle modifications, the public may not be keen in investing.



[bookmark: _Toc161689254]Sustainable Practices & Legislation
Multiple governing bodies and agreements are forcing companies and nations to ensure their products, individual or total, are not exceeding agreed (tightening) pollutant allowances. The European emission standards govern automotive exhaust molecular and particulate emissions, granting the vehicle to be sold in Europe (European Parliament, 2023). There’re five revisions from its inception in 1992 (Euro 1) to present (Euro 6), as well as specific classifications for different vehicle types. Focusing on passenger cars, Euro 7 is due in 2025 with halved allowable Carbon Monoxide (CO) output, rest stemming from Euro 6 but introductions for Ammonia (NH3) and brake/tyre particulate limits. New cars are tested on a rolling road with an exhaust gas analyser performing a standardized test; until 2017 from the 1980s the Real-Driving Emissions (RDE) test was used, being replaced by the more representative Worldwide Harmonised Light-Vehicle Test Procedure (WLTP). Both tests are repeatable for each vehicle (WLTP has three types, class-3 is passenger cars) which due to the amount of computerized power and software in modern vehicles, opens a deception method. Volkswagen created a test-detection parameter influenced by wheel speeds, where if matching the RDE procedure it would change the engine’s inputs, causing weak driveability but the emissions were very low, blitzing the tests. In real-world conditions, that test-mode is never triggered, so the engine would run at good performance but with awful NOx emissions (Franco, et al., 2014). Although, it has pressured powertrain engineers to develop efficiency-increasing technologies, such as EGR and variable-geometry induction. The EES has immeasurably cleaned automotive tailpipe pollutant quantities, allegedly reducing overall emissions by up to 90% since Euro’s inception (European Automobile Manufacturers' Association (ACEA), n.d.), where Figure 3 shows a dated projection, where the report commends continuation of stringency. The ‘Diesel gate’ scandal attacked the RDE test integrity, but it has upgraded to the more realistic, longer and now cheat-resistant (not cheat-proof) WLTP testing method.[image: All top diesel cars break real-world emission limits, tests find -  AirQualityNews]Figure 2: Car performing RDE/WLTP cycle
[image: [graph]]Figure 3: CO2 targets vs recorded CO2 output

The Paris agreement is a constituency between 28 countries where each nation agrees to decrease their CO2 output, encouraging the decommission of oil/gas/coal power stations for wind/solar/tidal or any fossil free energy generation method. The aim is to prevent global warming, where Earth cannot increase more than 2°C overall average temperature since pre-industrial levels, so targeting 1.5°C should reduce the likelihood of extreme weather events. Since 2020, nations self-evaluate their countries GHG output declared in nationally determined contributions (NDC), considering local factors. Interestingly these NDCs are not legally binding, they’re mission statements where if they are not reached, the summit meetings would query why, and suggest solutions. Many on-board nations have respectably low annual CO2 emissions, but the main outlier is China; although it has a giant ~1.4billion population, industrial activity and construction has grown immensely there in the last half-century. There is a fluctuating amount of Chinese EV manufacturers, with hundreds of companies and eleven giants, not including battery-only companies. China seems to have grossly over-estimated the demand for EVs and batteries in their countries market as well as abroad, where the energy generated to power its nation and manufacturing is ~20% from oil and, alarmingly, ~57% from coal (a primitive solid fuel no longer suitable for large-scale electricity generation). Renewables make ~15% of China’s energy but while growing, a major intervention is required to meet their latest goals for 2030&2035 (Patel, 2023) where Chinese environment official Xie is under pressure to maintain China-U.S. relationships (the language used is immoderate, as they are a developing country, but they shouldn’t continue preventatively emit vast CO2 equivalent to the U.S, India, Russia, Japan and Germany – combined, while telling COP28 “the Chinese government attaches great importance to this matter”).
[image: Each Country's Share of CO2 Emissions | Union of Concerned Scientists] Figure 4: Fossil CO2 Emissions by Country as % of World Total (2020)
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Producing petrol and diesel from agricultural sources is possible in theory but astronomic for UK national adoption, where it must not only combust cleanly and give adequate engine power, as well as work with pre-existing plumbing both in the vehicle and the countries distribution networks. But it must be safe; petrol has known warnings regarding ease of ignition, so it’s bio replacement cannot be any more dangerous so that the public trust it, so rigorous testing needs to assess risks such as flammability and toxicity, ensuring safe handling and storage. Technological advancements as well as patience is important in facilitating the transition to alternative fuels while upholding no more danger than petrol or diesel. It also requires a reasonable shelf life, where typical petrol can be in circulation from the refinery for up to 6 months (BP, n.d.), shorter @>20°C, so its bio-derived replacement needs to last a similar amount of time without quality degradation.
Biofuels, particularly blended fuels with high ethanol contents, can corrode vehicle fuel systems due to hydroscopic properties, leading to water absorption and phase separation, accelerating fluid corrosivity (Goodman & Singh, 2014). This will challenge higher Ethanol ratios in fossilized petrol, such as E25 or E85, which are common in Brazil but vehicles there are typically much older and less sophisticated than most European cars/vans/HGVs. Additionally, bio-oils can corrode fuel system components through dissolving rubber hoses and plastic fittings, leading to material breakdown and debris release, blocking the fuel lines and pump. Biofuels' presence of pyrolysis oil makes the fuel water-soluble, creating storage challenges as well as system corrosion, likely requiring the fuel to be post-processed in the refinery which adds cost to production and increases engineering time. And older vehicles with dated or aged fuel systems (electrical or mechanical, not carburetted) may suffer deterioration over time so there’s concerns over a one-for-all solution’s adoptability.Figure 5: Ethanol-petrol ratios

Focus has been mostly on petrol, but diesel consumption is now greater, however the molecular structure is much more complex (C12H23 non-pure) than petrol (C8H18 only bar traces). Although, diesel B7 (7% bio) is in circulation at fuel stations, as bio-pyrolysis oil within the biofuel has been mixed within the fossilized variant. Pure biodiesel combustion is difficult albeit possible, as its viscosity is more influenced by temperature than fossilized diesel, as well as the hydroscopic risk. Colder climates will rise the fuel’s internal friction, increasing chances of fuel starvation due to its higher viscosity compared to conventional diesel fuel, where the trend between dynamic viscosity and temperature looks logarithmic, stemming from higher molecular weight (Eman Ali Ateeq, 2015). These issues are heightened within a modern high-pressure direct-injection system, operating at ~15,000PSI for increased cylinder fuel atomisation to improve efficiency (CBT, 2014). This amplifies the previous point that fuel certification will be difficult to confidently prove that any engine, petrol or diesel, can reliably be powered by their respective biofuel with no compromises in useability and longevity, where failings that cause damage to consumer’s vehicles may cause lawsuits.
The UK faces a requirement to ramp up crop production to meet the demand for bioethanol, a critical component in transitioning towards renewable energy sources. While the country produces approximately 7,385,000 tonnes of barley annually, a significant portion, about 6,187,000 tonnes, is allocated for domestic use in 2022, (Dept. for Environment Food & Rural Affairs, 2024) leaving limited surplus for mass adoption in bioethanol production. To bridge this gap, plantation sizes and investments for crops like wheat and barley must increase, also corn and sugar beet can be used in alternative fuels production, but these crops are near-entirely used in food/alcohol production. The 10-year average wheat yield in tonne per hectare is 8.0, with a recent low of 7.0t/h in 2020/21, and from each wheat tonne, 0.336m3 (~265kg (±50kg being assumptious)) of bioethanol is produced (University of Strathclyde, 2002). Therefore, assuming no disturbance in yield below 7t/h, around 30,000sq.km is needed to grow enough bioethanol to offset ~50% the UK’s fossilized petrol usage, requiring 17.2% of the UK’s agriculturally able land. Additionally, strategic policies and incentives to incentivize farmers to diversify their crops towards bioethanol feedstock cultivation should help for meeting the growing demand.
Figure 6 shows bioethanol-derived petrol having 67% the heating value to traditional petrol, requiring larger volumes to maintain equivalent engine power output, although a higher-octane level allows for higher engine compression or advanced ignition, increasing power. This however requires powertrain tuning, which a modest amount of target market may be against, consequently these cars using bioethanol may experience decreased fuel efficiency/increased fuel consumption compared to traditional petrol.
[image: Properties of bioethanol fuel compared to that of petrol.]Figure 6: Fossil Petrol vs. Bioethanol comparison (Nwufo & Igbokwe, 2013)

[bookmark: _Toc161689256]Future Outlook
The outlook of automotive transport utilizing biofuels suggests a transition towards a diverse fuel landscape with multiple options available to the consumer depending on their trends, usage scenario as well as trust in the new solutions. The recent rise in EVs is attractive to some, but most electric car purchases are company fleets which are often auctioned after ~5years (or less) when the vehicle becomes unwanted. China’s over-production may be fleet-marketed in European countries (Prez, 2023), but whether it will succeed through consumer (not fleet) sales and be compatible with the UK’s electricity delivery currents/voltages (and connectors) is a topic for another report. Nationwide mass-scrappage should not be a last resort, for both EVs or old ICE vehicles.
Integrating bioethanol alongside traditional fossil fuels, forming E10/B7, will continue and possibly rise in ethanol quantity (E20+) if the risk of damage to existing fuel systems is lower than the pollutant emissions reduction. It’s important to give the consumer choice in what fuel they want to run their vehicle on, so they don’t feel constrained into using high-concentrate biofuels they may not trust (or have no personal environmental concern). Given the scale of rollout and continued oil cracking processes, fossilized petrol and diesel will remain available, though subject to price fluctuations. To compete effectively, pricing for bio-petrol and bioethanol should be positioned competitively, factoring in production costs, government subsidies, and environmental benefits, which are subject to annual weather conditions where more rainfall is beneficial but also biological pests can be detrimental. Striking a balance between affordability and sustainability will be crucial, and land area dedication to barley/corn/sugar beet solely for bioethanol to gasoline must not infringe national food production, as international trading of food stocks is CO2 intensive and expensive long-term.
Despite these challenges, bioethanol offers environmental benefits as a renewable fuel source, contributing to reduced greenhouse gas emissions and fossil fuel dependency. Optimizing engine performance and vehicle designs are crucial for maximizing the potential of bioethanol-derived petrol in the automotive sector of transportation. This allows continuity for vehicle owners who are attached to their cars through both functionality and favouritism, where over 70% of (AutoTrader, 2013)’s survey respondents showed high and somewhat attachment, but this partially relies on their vehicles being unmodified. A real possibility for bio-petrol, but biodiesel may need a dual-fuel system conversion to reliably work in all weather conditions/temperatures.


[bookmark: _Toc161689257]Conclusions
The widespread adoption of alternative fuels, particularly bioethanol-derived petrol and biodiesel, holds immense potential for mass-market automotive vehicle adoption in the next few decades, as international climate stringency becomes more prevalent against heavy industrial pollutants. As public demands prioritize convenience and sustainability, these biofuels offer a promising solution by leveraging existing infrastructure while reducing greenhouse gas emissions. However, the trade-off between crops for food and fuel remains a significant consideration, emphasizing the need for sustainable agricultural practices and careful resource management. Despite the allure of electric vehicles, capital risks, particularly from but not limited to China, and the modest driveable range dilemma discourage their immediate mass rollout. Nevertheless, investing in biofuel infrastructure represents the wisest option, albeit one requiring substantial upfront investment, to achieve long-term energy security, environmental sustainability, and long-term economic stability. With strategic planning and collaborative efforts between governments, industries, and consumers, the transition towards alternative fuels can benefit the automotive industry for a greener and more resilient future.
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