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Abstract 

Transitioning away from fossil fuels in the transportation sector is essential for reducing 

environmental impacts and supporting sustainable development. This paper reviews a range of 

alternative fuels, including fossil fuels, electric vehicles (EVs), biodiesel, hydrogen fuel cells, 

methanol, and natural gas vehicles, to provide a comprehensive assessment of their benefits, 

challenges, and implementation barriers. Through an analysis of data from energy organizations 

and recent studies, the paper discusses the need for robust infrastructure and policy to create a 

diverse and low-emission fuel mix, driving the transition to sustainable transportation. 
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1.0 Introduction 

The transportation sector is a major source of greenhouse gas emissions, primarily because of its 

heavy reliance on fossil fuels. Reports by the International Energy Agency (IEA) indicate that 

transportation contributes significantly to global CO₂ emissions, highlighting the need to explore 

cleaner energy sources [1-24]. Alternative options such as electric vehicles, biodiesel, hydrogen, 

and methanol are seen as promising ways to reduce greenhouse gases and decrease dependence on 

fossil resources. 

Governments and research institutions are working to develop these alternative fuels, each of 

which has unique potential and challenges for broader adoption [25-30]. For instance, while 

electric vehicles (EVs) eliminate tailpipe emissions, their growth is limited by the availability of 

charging infrastructure and concerns over battery life [31-50]. Biodiesel and other biofuels are 

renewable resources, but they face scalability issues due to feedstock supply and production costs 

[51-70]. Hydrogen fuel cells, especially valuable for heavy-duty applications, require advances in 

storage and cost reduction to become mainstream [71-83]. Methanol and natural gas provide 

further options, though they present additional challenges around infrastructure and long-term 

sustainability [23, 64]. 

This review synthesizes current insights on each fuel type, discussing the barriers, potential 

solutions, and advances needed to support these fuels’ broader integration into the global 

transportation sector. 



 

 

 

2. Fossil Fuels: Efficiency at an Environmental Cost 

Despite the development of alternative fuels, fossil fuels remain the dominant energy source in 

transportation, mainly due to established infrastructure and low cost [2, 4, 11]. However, the 

environmental effects of fossil fuels—including air pollution and greenhouse gas emissions—

make the case for exploring cleaner options. The U.S. Department of Energy emphasizes that fossil 

fuel emissions significantly contribute to climate change, and the U.S. Energy Information 

Administration suggests that, without substantial changes, reliance on fossil fuels will continue for 

decades [2, 4]. 

While fossil fuels are energy-dense and cost-effective, their environmental impact is increasingly 

concerning. Agencies like the Environmental Protection Agency (EPA) are pushing for stricter 

emissions regulations and increased investments in alternative energy [3]. 

 

3. Electric Vehicles (EVs): Clean and Innovative, but with Infrastructure Needs 

Electric vehicles are a vital part of sustainable transportation efforts, offering zero emissions at the 

tailpipe and thus significantly improving urban air quality. The European Alternative Fuels 

Observatory [5] and the U.S. Department of Energy [9] highlight that EVs help reduce pollution 

levels in cities. However, the widespread use of EVs is challenged by infrastructure limitations, 

battery disposal, and production concerns [74, 75]. 

The National Renewable Energy Laboratory emphasizes that to overcome range concerns and 

increase EV accessibility, investment in an extensive charging network is critical [74]. Though 

EVs have no exhaust emissions, the environmental impact of their batteries, including the 

extraction of rare materials, remains an issue. According to the Union of Concerned Scientists, 

charging EVs with renewable energy would maximize their environmental benefits [75]. 

 

4. Biodiesel: A Renewable Option with Production Limitations 

Biodiesel is a renewable fuel alternative derived from biological sources like vegetable oils and 

animal fats. The National Biodiesel Board underscores its role in reducing greenhouse gas 

emissions and supporting agriculture [7]. Bournay et al. note that maintaining quality standards is 

crucial for biodiesel to be a reliable fuel option [27]. 

However, scaling up biodiesel to meet transportation needs is challenging due to limited feedstock 

availability and competition with food production, which can restrict its growth [32]. The National 

Renewable Energy Laboratory indicates that while biodiesel is compatible with current diesel 

engines, its widespread adoption requires sustainable feedstock solutions [19, 18]. 



 

 

 

5. Hydrogen and Fuel Cells: Emission-Free but Storage-Intensive 

Hydrogen fuel cells are a promising option for sustainable energy, particularly for heavy vehicles. 

According to the U.S. Department of Energy, hydrogen fuel cells produce only water, making them 

a clean choice for transportation [10]. Haeseong and Jang-Juan’s study discusses the potential and 

current limitations of hydrogen fuel cells, including storage and cost concerns [62]. 

Infrastructure for hydrogen production and distribution remains a significant challenge. The Union 

of Concerned Scientists notes that substantial capital investment is necessary to build the 

infrastructure required to support hydrogen technology [83]. Although hydrogen has a high energy 

density, storage techniques such as compression and liquefaction are energy-intensive and costly, 

making logistics challenging and increasing overall costs [10]. 

 

6. Methanol and Natural Gas Vehicles: Viable Alternatives with Unique Hurdles 

Methanol and natural gas provide further options in the search for sustainable transportation fuels. 

Methanol, as described by the Methanol Institute [23], can be made from natural gas, biomass, and 

other sources, providing a cost-effective option in regions with abundant natural gas reserves. 

However, its lower energy density compared to gasoline and infrastructure challenges limit its 

immediate application [66]. 

Natural gas offers a cleaner-burning option than gasoline or diesel, and Natural Gas Vehicles for 

America supports its role in reducing emissions and enhancing energy independence [65]. Studies 

by Ahn and Lee examine the infrastructure and economic shifts needed for natural gas vehicles to 

become a feasible alternative in the transportation sector [72-86]. 

 

7. Conclusion 

This review showcases the range of alternative fuel technologies and their potential to support a 

more sustainable transportation industry. While fossil fuels remain ingrained in current 

infrastructure, environmental concerns are driving the shift toward cleaner options. Electric 

vehicles and hydrogen fuel cells present high potential but require continued development in 

infrastructure and technology. Biodiesel, methanol, and natural gas provide viable supplementary 

options, though each comes with its own unique challenges concerning scalability, costs, and 

necessary infrastructure. 

Future success in alternative fuel development will rely on supportive policies, investment in 

research and infrastructure, and public engagement. A multi-fuel approach, drawing from the 

strengths of various alternative fuels, will likely be needed to satisfy the diverse needs of the 

transportation sector and achieve sustainable progress. 
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