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The automotive industry is a huge global company. The industry is a worldwide powerhouse comprising various companies and organizations that produce cars, motorcycles, and supply all the parts and components necessary for the smooth operation of this industry. However, the industry is currently under considerable pressure. There is a significant push to reduce emissions, improve energy efficiency, and transition to sustainable energy sources. Further to the search, this report will delve into a comparison of the four main types of automotive fuels: gasoline, diesel, ethanol, and compressed natural gas (CNG). This report examines their physical and chemical properties, explores how they impact the environment, and assesses whether they are commercially viable, as well as their long-term potential. It is an intricate journey through the ins and outs of fuel options today!
Based on the latest research from both academia and industry, this study aims to explore how different fuels can align with the global push for cleaner, more efficient, and affordable transportation options. 
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Due to their high energy density, ease of handling, economic benefits, and compatibility with internal combustion engines (ICEs), gasoline and diesel have dominated the majority of vehicles worldwide for several decades. However, environmental and regulatory pressures are driving the search for cleaner alternatives.
Ethanol is actually a very interesting biofuel; it is derived mainly from crops like corn, sugarcane, and some plant waste materials. It is also a renewable energy source that could help us to achieve that elusive carbon neutrality we keep talking about. Another one is Compressed Natural Gas (CNG). Now, while it is usually linked to fossil fuels, it produces fewer greenhouse gases. Another benefit is that this can also be made from renewable biogas, which is environmentally friendly. In the 1980s, we made significant strides by phasing out leaded petrol and adding oxygenates, such as ethanol, to the mix. That was a crucial step toward tackling urban air pollution and making our engines run more efficiently. And if we look at the last few years, things have evolved even further. Technological advancements—including low-temperature combustion (LTC) and powertrain hybridisation—have further strengthened the role of ethanol and CNG in facilitating cleaner and more energy-efficient vehicular operation (SAE International, 2023) 
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This analysis draws upon a comprehensive review of scholarly articles, technical documentation, and reports from the automotive industry. The selected sources were chosen based on their reliability, timeliness, recency, and direct relevance to research in automotive fuel technologies.
The four fuels—gasoline, diesel, ethanol, and CNG—were evaluated against four core criteria:
· Fuel Properties and Combustion Characteristics
· Life-Cycle Environmental Impact
· Performance and Efficiency
· Economic and Infrastructure Considerations
Quantitative data, including energy density and emission profiles, were complemented by qualitative evaluations of regulatory frameworks, technological maturity, and market dynamics. This approach provides a comprehensive and balanced view of the subject matter. You know, it’s all about looking at things from different angles to get a better understanding. 
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Fuel Properties and Combustion Characteristics
	Fuel Type
	Energy Density (MJ/kg)
	Octane/Cetane Rating
	Emissions Profile

	Gasoline
	~44
	Octane: 87–98
	High CO₂, moderate NOx

	Diesel
	~45.5
	Cetane: 40–55
	High NOx, particulates

	Ethanol
	~27
	Octane: 108
	Low CO₂, high aldehydes

	CNG
	~50
	Octane: ~120
	Low CO₂, low NOx


Sources: MacLean et al. (2000); Bhaskara (2021)
Gasoline is favoured for its performance and availability, due to its volatility and high-octane rating, also produces significant CO₂ emissions.
Diesel engines provide higher efficiency but release more nitrogen oxides and particulates. 
Ethanol, with its high-octane rating enables efficient combustion and lowers CO₂ output though its lower energy content reduces mileage. 
Compressed Natural Gas (CNG) burns more cleanly than gasoline and diesel, it produces minimal particulates and offering smoother, quieter operation. 


[bookmark: _Toc213594947]Life-Cycle Environmental Impact

Life-cycle analysis, or LCA for short, takes a good hard look at the complete environmental impact of different fuels, right from the moment they're extracted to the point where they're used. A study by MacLean back in 2000 found that, when it comes to greenhouse gas emissions, gasoline and diesel produces the highest of the list — not in a good way, of course. On the other hand, we’ve got ethanol and CNG (compressed natural gas), which can really cut down on emissions, mainly when they are derived from renewable materials or even waste-based sources

In 2024, Liu's research highlights that CNG vehicles can reduce CO₂ and other harmful pollutants emissions by as much as 90% compared to traditional gasoline engines. Which seems like a huge difference, actually. Additionally, Aljassar and Alzaid (2024) found that both ethanol and CNG can significantly reduce carbon monoxide and unburned hydrocarbon emissions. This makes them ideal choices for bustling city environments where air quality is a big concern.
Zimakowska-Laskowska and Laskowski (2024) further highlight that BEVs and hybrid vehicles outperform ICE vehicles in terms of emission reduction; however, among ICE fuels, CNG and ethanol are the most environmentally favourable.
Nonetheless, every alternative presents inevitable trade-offs. The extensive production of ethanol may interfere with food resources, whereas the extraction of CNG can result in methane leakage if not adequately managed 
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Diesel engines generally provide 20–30 percent improved fuel economy compared to gasoline engines, due to higher compression ratios and enhanced combustion efficiency (Bhaskara, 2021). The combustion properties of ethanol facilitate cleaner combustion and can enhance engine performance in flex-fuel vehicles, however, its lower energy content results in a decrease in miles per litre.
Vehicles powered by compressed natural gas (CNG) demonstrate strong reliability and decreased engine wear, however, they are hindered by a restricted range and insufficient refuelling stations. Recent advancements in low-temperature combustion (LTC) and direct-injection techniques have enhanced the thermal efficiency of both ethanol and CNG engines, helping to close the performance gap between these alternatives and conventional petroleum-based fuels (SAE International, 2023) 
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You know, gasoline and diesel still hold the top spots when it comes to fuelling transportation around the whole world, reason being that it has got a solid infrastructure in place and dependable supply chains which enables smooth running. On the other hand, when it comes to the production of ethanol, its production significantly depends on the agricultural factors and its local availability.
Talking about Compressed Natural Gas (CNG) which is a notable economic benefit, and the report let us know that the operational costs can be up to 40 percent lower per kilometre than those of gasoline-powered vehicles (Bhaskara, 2021)— however requires costly alterations to both vehicles and refuelling facilities. Liu (2024) emphasizes the increasing role of policy incentives, including tax reduction and green grant, which are promoting the adoption of alternative fuels and strengthening national energy security. 
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The European Union has set its aim on achieving net-zero emissions by 2050, and this has led it to propose a ban on the sale of new petrol and diesel vehicles starting in 2035. This step is already sparking some exciting advancements in fuel technology. Bhaskara (2021) predicts an increase in hybrid systems that merge ethanol or CNG with electric propulsion, providing a transitional route towards complete electrification. Recent studies published in Fuels (MDPI, 2025) investigate synthetic fuels and CO₂ methanation techniques that recycle carbon, suggesting that future fuel systems may integrate renewable resources with carbon capture technologies to achieve near-zero net emissions. 


[bookmark: _Toc213594951] Key Insights

Compared to gasoline, Ethanol and CNG can reduce overall GHG emissions by up to 50–90% 
Diesel engines maintain a 20–30% efficiency advantage.
CNG provides 30–40% lower operating costs per kilometre.
Future mobility will likely be shaped by hybrid and synthetic fuel systems, supported by advancements in LTC technology, carbon capture, and renewable energy integration.
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This comparative analysis demonstrates that while conventional fuels still dominate global transport, the environmental disadvantages they present are driving swift innovation and policy changes.
Gasoline remains the dominant but faces growing environmental and regulatory challenges.
Diesel is efficient but not environmentally friendly
Ethanol offers renewable potential and lower CO₂ emissions, though production sustainability remains an issue.
CNG delivers the cleanest combustion among fossil fuels, providing notable cost and emission advantages. 
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