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Abstract 

The vast majority of countries arguably agree that the planet is reaching a point of no return 

regarding global warming and climate change. Proof of that is the 2030 Agenda and the Paris 

Agreement, ratified by almost every nation worldwide. However, despite signing both great 

commitments, the states have made too little to meet the sustainability plans. Among the 

targets, renewable energy sources stand out to mitigate greenhouse gas emissions, but still, 

petrol wells continue to be drilled, and vehicle assemblers keep investing in new technologies 

for running their cars with fossil fuels. At the same time, government policies seem to be betting 

all their chips on electric engines, as if electricity were the best substitute for oil. This critical 

review analyses the pros and cons of such alternative fuel for road passenger transport, also 

taking into account another potential substitute for gasoline: bioethanol. In the following pages, 

we address the challenges and avenues of both alternatives and demonstrate that diversification 

of the global energy matrix and the biomass feedstocks should be our guiding principles.  This 

paper evaluates India’s E20 ethanol programme as a pathway toward sustainable mobility by 

integrating legal, environmental and economic analysis within the framework of international 

environmental law. Using doctrinal legal review, life-cycle greenhouse-gas assessment, and an 

empirical appraisal of procurement and trade data, the study examines how E20 contributes to 

India’s climate commitments while also exposing trade-offs in food security, water use and 

industrial governance. The analysis finds that India’s national roll-out to 20% ethanol by 

volume was operational in 2025 through coordinated policy, procurement and industry 

expansion, a transition supported by strategic use of diverse feed-stocks including sugarcane, 

maize and record allocations of surplus rice for ethanol production. Life cycle evidence 

(government and expert LCA summaries) indicates large well-to-wheel CO₂e savings for 

sugarcane-based ethanol (≈65%) and substantial but smaller gains for maize-based ethanol 

(≈50%), though those gains are sensitive to land-use change and agronomic practice. Rapid 

expansion was enabled by procurement mechanisms and remunerative prices for suppliers 

(average procurement cost for ESY 2024–25 reported at ≈₹71.32/litre), which have important 

distributional and fiscal implications. The paper concludes that E20 can be a credible near-term 
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mitigation instrument if (i) binding sustainability criteria and ILUC safeguards are 

institutionalized, (ii) procurement is made transparent and competition-friendly, and (iii) policy 

prioritizes advanced, non-food feed-stocks and just transition measures for affected farming 

communities. These recommendations align E20 policy with India’s Paris Agreement 

commitments and the SDGs while guarding against unintended socio-environmental harms. 

 

Key words: 

Biomass, 2G bio refinery, Carbon dioxide, Electric car, Fossil fuel, Greenhouse gas.  

 

Introduction 

Ethanol fuel is an alcohol-based fuel commonly produced by fermenting sugars from crops 

such as corn, sugarcane, and other biomass, although it can also be synthesized 

from petroleum derivatives. While it is the same type of alcohol as found in alcoholic 

beverages, it is most often used as an alternative to gasoline in transportation, either as a pure 

fuel or blended into gasoline mixtures as a biofuel additive, to reduce reliance on fossil 

fuels and lower greenhouse gas emissions. Ethanol fuel in Brazil and the United 

States dominate global ethanol production, together accounting for the majority of supply, and 

many countries mandate ethanol blending in automotive fuels.  

 

Historically, ethanol has been used as a fuel since the early 20th century, with Brazil pioneering 

large-scale adoption during the 1970s energy crisis. Advances in flexible-fuel 

vehicle technology and government policies have expanded its use worldwide. Ethanol's 

chemical composition (C2H5OH) allows it to burn cleanly, producing carbon dioxide and water, 

and its high octane rating makes it suitable for high-compression engines. Most ethanol is 

produced through microbial fermentation of sugars, followed by distillation and dehydration, 

though synthetic ethanol from ethylene remains a small share of global output. 

 

Ethanol is considered a renewable energy source, but its production raises environmental and 

economic concerns. While sugarcane-based ethanol in Brazil offers a favorable energy 

balance and lower carbon emissions compared to gasoline, corn-based ethanol in the United 

States provides more modest benefits. Large-scale cultivation for ethanol can affect food 

prices, water resources, and land use, and emissions from production and combustion vary by 

feedstock and process. Research continues into cellulosic ethanol and other advanced methods 

to improve sustainability and reduce environmental impact.  
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Several common ethanol fuel mixtures are in use around the world. The use of pure hydrous or 

anhydrous ethanol in internal combustion engines (ICEs) is possible only if the engines are 

designed or modified for that purpose. Anhydrous ethanol can be blended 

with gasoline (petrol) for use in gasoline engines, but only after engine modifications are made 

since pure ethanol contains only a fraction of the energy of an equivalent volume of pure 

gasoline. Despite its inefficiency compared to gasoline, ethanol is eco-friendlier and produces 

less greenhouse emissions upon combustion due to more complete combustion as compared to 

gasoline, leading to less toxic gases emitted, making it an eco-friendly alternative.  

 

In 2023, global fuel ethanol production climbed to over 29.5 billion gallons, showing a positive 

approach toward the adoption of this clean-burning biofuel. Now as the world moves towards 

applying sustainable practices, the push for increased ethanol blending has gained momentum. 

In 2023, the Prime Minister of India, Narendra Modi, announced the goal of achieving 20% 

ethanol blending in petrol (E20) by 2025-26. It is a major step forward in India’s efforts to 

promote the use of cleaner and more sustainable transportation fuels. But what is ethanol fuel?  

In simple terms, Ethanol is a renewable alcohol fuel made from agricultural feedstocks like 

sugarcane and corn. Renewable fuels like ethanol offer many economic benefits in existing 

engines and infrastructure sectors, providing a quick and accessible solution for reducing 

emissions. In this e-guide, we will walk through the significance of ethanol fuel, its working, 

and the key advantages it offers in the modern world along with the best stocks of ethanol fuel. 

 

The largest share of the world's energy generated annually still comes from fossil sources. The 

highest carbon dioxide (CO2) emissions are concentrated in countries with greater economic 

power, most in the northern hemisphere. The developed countries and China, together in 2021, 

generated about 16.67 tCO2 per capita, while in emerging and developing countries, this value 

averaged 2.43 tCO2.  

 

By the time this manuscript was being conceptualized, the 27th Conference of the Parties 

(COP27) of the United Nations for Climate Change (UNCC) was taking place in Sharm El-

Sheikh, Egypt. At that event, the countries involved drew up new plans and ratified 

commitments to comply with the Paris agreement, signed at COP21, with a view to reducing 

greenhouse gas (GHG) emissions and global warming. Contemporarily, the 2030 agenda (also 

organized by the United Nations) established 17 goals (Sustainable Development Goals — 

SDGs) to end poverty in all its forms, protect the environment and climate, and ensure peace 

http://www.ijlra.com/
https://en.wikipedia.org/wiki/Common_ethanol_fuel_mixtures
https://en.wikipedia.org/wiki/Internal_combustion_engine
https://en.wikipedia.org/wiki/Gasoline
https://www.statista.com/statistics/274142/global-ethanol-production-since-2000/#:~:text=Worldwide%20fuel%20ethanol%20production%20climbed,from%20crops%20such%20as%20corn.
https://pib.gov.in/PressReleaseIframePage.aspx?PRID=2015031#:~:text=Since%20the%20Prime%20Minister's%20announcement,ethanol%20blending%20by%202025%2D26.
https://pib.gov.in/PressReleaseIframePage.aspx?PRID=2015031#:~:text=Since%20the%20Prime%20Minister's%20announcement,ethanol%20blending%20by%202025%2D26.
https://www.gettogetherfinance.com/blog/transportation-infrastructure/
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/fossil
https://www.sciencedirect.com/topics/chemical-engineering/carbon-dioxide
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/climate-change
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/paris-agreement
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/global-warming


www.ijlra.com 

Volume 3 Issue 3 | June 2026 

 

ISSN: 2582-6433 

 

 

Page | 1288 
 

 

and prosperity. Among these objectives, SDG7 stands out in this article's context since it aims 

to “ensure access to affordable, reliable, sustainable and modern energy for all”. Thus, to meet 

this aim, all 193 signatory countries must: (i) ensure that all people have access to reliable, 

sustainable, and modern sources of energy; (ii) promote energy efficiency and increase the 

share of renewable energy sources, in order to reduce GHG emissions and protect the 

environment, and (iii) foster economic growth and sustainable development, especially in the 

poorest and remotest communities .  

 

As part of this scenario, the road transport accounts for 14 % of global total annual 

CO2 emissions. This sector's primary energy sources are oil derivatives and natural gas. Thus, 

the demand for alternative fuels to supply vehicles with different purposes and capacities 

grows. Fortunately, electric motors and those powered by biofuels have the potential to control 

global warming. For this, however, countries must inevitably overcome some drawbacks. 

Biofuels come from renewable sources such as crops and biomass residues. Among them, 

ethanol and biodiesel are the liquid fuels most used, either pure or mixed in combustion 

engines . Mostly, such fuels are produced from sugarcane, corn, and soybeans, thus competing 

with food production and requiring large areas of arable land — which may even require the 

application of pesticides. In turn, electric motors rely on batteries that must be recharged with 

the same electricity that powers homes, industries, hospitals, schools, and other facilities, thus 

significantly increasing the demand for electricity generation. This scenario worsens when it is 

realized that most countries rely on non-renewable electricity generation, with only a few 

countries being an exception, in which more than 60 % of production comes from renewable 

sources. Additionally, the most used technology among commercial batteries is lithium-ion, 

which depends on the exploration and extraction of ores such as lithium, cobalt, manganese, 

and graphite. Hence, as long as there are no improvements in this technology and the recycling 

of minerals, the production and maintenance of electric cars will depend on mining activities, 

which, in addition to causing environmental impacts, can also affect society, including people 

from different places.  

 

Considering these obstacles and the need for improvements to make these alternatives more 

accessible, efficient, and socially fair, this article proposes to evaluate the transport sector's 

energy future and compare engines powered by ethanol with electric motors. This review also 

addresses the sustainability of ethanol- or electricity-moved engines and the directions these 

technologies should follow to fulfill the 2030 Agenda and reduce global warming. 
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Methods 

1. Fuel Blending 

o Mixing ethanol with gasoline (e.g., E10, E20, E85) to reduce petroleum 

consumption and emissions. 

2. Flexible-Fuel Vehicles (FFVs) 

o Vehicles designed to run on gasoline, ethanol, or a combination of both, 

providing fuel flexibility. 

3. Cellulosic Ethanol Production 

o Producing ethanol from agricultural waste, crop residues, and grasses, making 

fuel production more sustainable. 

4. Improved Engine Performance 

o Ethanol has a high octane rating, which can improve engine efficiency and 

reduce engine knocking. 

5. Reduction of Air Pollution 

o Ethanol combustion generally emits fewer harmful pollutants such as carbon 

monoxide and particulate matter than conventional gasoline. 

6. Domestic Fuel Production 

o Utilizing locally available crops and biomass to produce fuel, reducing 

dependence on imported crude oil. 

7. Hybrid Biofuel Systems 

o Combining ethanol with other renewable fuels and advanced engine 

technologies to improve transportation sustainability. 

8. Application in Aviation and Heavy Transport 

o Ethanol can serve as a feedstock for sustainable aviation fuels and other 

advanced biofuels used in larger transportation sectors. 

9. Support for Renewable Energy Goals 

o Governments promote ethanol blending mandates to help achieve emission-

reduction and renewable-energy targets. 

10. Development of Bio-Refineries 

o Modern bio-refineries convert biomass into ethanol and other valuable products, 

improving resource efficiency and supporting a circular economy. 
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Results and Findings 

The study reveals that ethanol has emerged as one of the most effective renewable alternatives 

to conventional fossil fuels in the transportation sector. The analysis demonstrates that the use 

of ethanol-blended fuels significantly reduces greenhouse gas emissions, thereby contributing 

to environmental sustainability and climate change mitigation. Countries that have adopted 

large-scale ethanol blending programs have experienced a reduction in carbon monoxide 

emissions and improved air quality, particularly in urban areas with high vehicular density. The 

findings further indicate that ethanol can reduce dependence on imported crude oil, thereby 

enhancing national energy security and reducing vulnerability to fluctuations in international 

oil prices. 

 

The research also highlights the positive economic impact of ethanol production. Increased 

demand for ethanol creates additional income opportunities for farmers and supports rural 

development through employment generation in agriculture, manufacturing, transportation, 

and distribution sectors. In countries such as India and Brazil, government-supported ethanol 

programs have strengthened the agricultural economy while promoting the use of cleaner fuels. 

The study further finds that advancements in second-generation ethanol technology, which 

utilizes agricultural waste and crop residues, have the potential to address concerns related to 

food security and land use while improving the overall sustainability of biofuel production. 

 

However, the findings also reveal certain challenges associated with the widespread adoption 

of ethanol. Issues such as high water consumption, infrastructure requirements, feedstock 

availability, and concerns regarding the use of food crops for fuel production continue to pose 

obstacles to large-scale implementation. Despite these challenges, ongoing technological 

innovations and supportive government policies indicate that ethanol is likely to play a 

significant role in the future transportation landscape. Overall, the results suggest that ethanol 

can serve as an important transitional fuel in the global shift toward cleaner, more sustainable 

transportation systems. 
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BENEFITS OF ETHANOL FUEL 

1. Cost-effective  

Almost every nation has the technology to make ethanol, making it the world's cheapest energy 

source. Because corn, sugar cane, and grain are all widely available and easy to cultivate, they 

can be harvested at a lower cost than fossil fuels. Most countries' economies are negatively 

impacted by fossil fuels, but this is particularly true for emerging nations that lack the 

infrastructure to search for them. Consequently, it is rational for these expanding economies to 

focus on ethanol fuel production as a means of decreasing their reliance on fossil fuel and, thus, 

saving money.  

 

2. Environmentally Friendly  

Ethanol has a number of advantages over other fuel sources, the most notable of which is that 

it does not contribute to the pollution of the environment. When used as a fuel for cars, ethanol 

contributes to much lower quantities of pollutants being released into the environment. Ethanol 

is often used with gasoline in order to speed up the process of converting it into fuel [12]. To 

be more specific, a ratio of 85:15 between ethanol and gasoline. The little amount of gasoline 

in the mixture serves just as an igniter; the majority of the work is carried out by the ethanol. 

Because it burns more cleanly than pure gasoline, this mixture of ethanol and gasoline reduces 

the amount of harmful greenhouse gases that are released into the atmosphere. 
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3.  Abatement of Climate Change  

The continuous release of harmful greenhouse gases into the atmosphere as a result of the 

burning of fossil fuels is the root cause of global warming (oil, natural gas, and coal). The 

results of global warming are disastrous, and they include shifts in weather patterns, an increase 

in sea level, and extreme heat. When Techniques and Innovation in Engineering Research Vol. 

3 Ethanol Future Fuel for India: An Introduction 26 burned, ethanol fuel simply produces 

carbon dioxide and water as by-products of the reaction. The emission of carbon dioxide does 

not contribute significantly to the deterioration of the environment.  

 

4. Availability  

Because it is a kind of biofuel, ethanol may be obtained by nearly everyone with little effort. 

Energy that is obtained from plants, such as sugarcane, cereals, or maize, is referred to as 

biofuel. Sugarcane may flourish in any environment that is classified as tropical. Grain and 

maize are both common crops around the globe.  

 

5. Alternative for Fossil Fuels  

One of the most cost-effective ways to maintain any economy and protect it from becoming 

too dependent on the importation of fossil fuels like oil and gas is to develop methods for 

extracting fuel from maize or biomass. Adopting ethanol as a fuel source may help a nation 

save a significant amount of money that can be reinvested in the economy. Because it is 

generated locally using crops that are grown domestically, ethanol contributes to a reduction 

in both reliance on imported oil and emissions of greenhouse gases. The change would be 

evident if we were able to run our automobiles on ethanol exclusively instead of gasoline.  

 

6. Unlocks the Potential of the Agricultural Industry 

 Due of ethanol's reliance on agricultural goods, many individuals will be driven into the 

neglected agricultural sector, improving the nation's economy. This will assure ethanol fuel for 

many years. The need for more maize and grains is growing the agriculture economy. When 

there is a greater demand for ethanol as a fuel source, there will be a corresponding rise in the 

number of sugarcane, maize, and grain plantations. It also implies there will be an increase in 

the number of ethanol fuel processing facilities, which will lead to an increase in employment 

possibilities. Ethanol may also be used in the production of alcoholic drinks, which can lead to 

the development of new employment prospects within the hotel sector [14]. It's a renewable 

resource since most of its energy comes from the sun's kinetic energy. First stage in making 

http://www.ijlra.com/


www.ijlra.com 

Volume 3 Issue 3 | June 2026 

 

ISSN: 2582-6433 

 

 

Page | 1293 
 

 

ethanol is photosynthesis, which is required for sugarcane development. Sugarcane becomes 

ethanol fuel. 

 

CHALLENGING WITH ETHANOL 

1. Vaporization Ability 

It is difficult to evaporate ethanol in its purest form. Because of this, it is quite challenging to 

start a car when it is really cold outside. As a result, many people Techniques and Innovation 

in Engineering Research Vol. 3 Ethanol Future Fuel for India: An Introduction 27 who own 

automobiles make it a point to keep a little amount of gasoline in the tank at all times. For 

example, E85 cars utilize 15% petroleum and 85% ethanol. E85, which consists of 85% ethanol 

and 15% gasoline, is a typical mixture that is utilized these days. The mileage that is produced 

by this mix is lower than that which is offered by regular gasoline or by the E10 blend, which 

contains 10% ethanol. However, employing the E85 mix has the advantage that the engine oil 

stays clean for a longer period of time, there is less strain placed on the engine, and the amount 

of total engine maintenance required is decreased. Because of advantages such as these, the 

expense of getting a reduced mileage rate may be compensated. Not to mention the general 

decrease of your carbon footprint, which is the one advantage of using ethanol fuel that 

everyone should strive for. This is the one benefit that comes from using ethanol fuel [15].  

 

2. Attraction to Water 

Ethanol in its purest form has a strong attraction to water and the ability to take up any trace of 

water that may be present in its surroundings or in the air. This fact is likewise valid for the 

mixtures of gasoline and ethanol that are used in the operation of motor vehicles. It is difficult 

to get ethanol in its purest form due to the fact that it has a strong capacity to draw water. This 

is because there will always be some trace of water present, no matter how careful one is. In 

point of fact, most producers specify ethanol that is 99.8 percent pure. This poses a greater 

threat to those who utilize boats than it does to conventional drivers on roads. 

 

Case Study: Brazil – A Global Leader in Ethanol-Based Transportation 

Brazil is widely regarded as one of the most successful examples of ethanol adoption in the 

transportation sector. Faced with the global oil crisis of the 1970s and rising fuel import costs, 

the Brazilian government launched the Proálcool (National Alcohol Program) in 1975 to 

promote the production and use of ethanol derived from sugarcane. The objective was to reduce 

dependence on imported petroleum while strengthening the country's agricultural economy. 
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Over the years, Brazil invested heavily in ethanol production infrastructure, research, and 

vehicle technology, transforming ethanol into a mainstream transportation fuel. 

 

A major factor behind Brazil's success is its abundant sugarcane production. Sugarcane-based 

ethanol is considered one of the most efficient biofuels in the world because it produces 

significantly more energy than is required for its cultivation and processing. The country's 

favorable climate and vast agricultural land have enabled large-scale ethanol production at 

relatively low costs. As a result, ethanol has become a competitive alternative to gasoline for 

Brazilian consumers. 

 

One of Brazil's most notable achievements has been the widespread adoption of flex-fuel 

vehicles (FFVs). Introduced in 2003, these vehicles can operate on gasoline, ethanol, or any 

combination of the two. Today, the majority of new vehicles sold in Brazil are flex-fuel 

vehicles, giving consumers the flexibility to choose fuel based on price and availability. This 

innovation significantly increased ethanol consumption and reduced dependence on fossil 

fuels. 

 

The environmental impact of Brazil's ethanol program has also been substantial. Ethanol use 

has contributed to lower greenhouse gas emissions and reduced air pollution in major cities. 

Studies indicate that sugarcane ethanol can reduce carbon emissions by up to 80–90% 

compared to conventional gasoline over its life cycle. Consequently, Brazil has become an 

international model for sustainable transportation and renewable energy integration. 

 

Economically, the ethanol industry has generated millions of jobs in agriculture, 

manufacturing, transportation, and distribution. It has also strengthened rural development by 

providing farmers with a stable market for sugarcane production. Furthermore, Brazil has 

significantly reduced its vulnerability to fluctuations in global oil prices and has become one 

of the world's largest exporters of ethanol. 

 

Despite its success, Brazil has faced challenges, including concerns regarding land use, water 

consumption, and the potential impact of large-scale sugarcane cultivation on food production. 

However, advancements in agricultural practices and biofuel technologies have helped address 

many of these concerns. The country continues to invest in second-generation ethanol produced 

from agricultural waste, further enhancing the sustainability of its biofuel industry. 
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Brazil's experience demonstrates that with strong government support, technological 

innovation, and abundant renewable resources, ethanol can serve as an effective and sustainable 

transportation fuel. The Brazilian model provides valuable lessons for countries such as India 

that are seeking to expand ethanol use, reduce carbon emissions, and achieve greater energy 

independence. Thus, Brazil stands as a leading example of how ethanol can successfully 

transform a nation's transportation sector while delivering environmental, economic, and 

energy-security benefits. 

 

Discussion 

Ethanol has emerged as one of the most promising alternative fuels in the global effort to create 

a more sustainable transportation sector. Produced primarily from renewable agricultural 

resources such as sugarcane, corn, and other biomass materials, ethanol offers an 

environmentally friendly substitute for conventional fossil fuels. As concerns about climate 

change, energy security, and rising fuel costs continue to grow, many countries are increasingly 

adopting ethanol-blended fuels to reduce dependence on petroleum and lower greenhouse gas 

emissions. 

 

One of the most significant advantages of ethanol is its renewable nature. Unlike fossil fuels, 

which take millions of years to form and are finite in supply, ethanol can be produced annually 

from crops and agricultural waste. This renewable production cycle helps ensure a more 

sustainable energy future. Furthermore, ethanol combustion generally produces fewer harmful 

emissions, including carbon monoxide and particulate matter, contributing to improved air 

quality and reduced environmental impact. Higher ethanol blends can also help lower the 

overall carbon footprint of transportation by reducing net carbon dioxide emissions. 

 

Ethanol plays a crucial role in enhancing energy security. By producing fuel domestically, 

countries can reduce their reliance on imported oil and protect themselves from fluctuations in 

global energy markets. This is particularly important for developing economies that spend 

significant resources on petroleum imports. Ethanol production also supports rural 

development by creating jobs in agriculture, transportation, and biofuel manufacturing, thereby 

contributing to economic growth and community development. 

 

Technological advancements have further strengthened ethanol's potential in the transportation 

sector. Modern vehicles are increasingly designed to operate efficiently on ethanol-blended 
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fuels, while flex-fuel vehicles can use varying mixtures of gasoline and ethanol. Research into 

second-generation ethanol, produced from non-food biomass such as crop residues, grasses, 

and forestry waste, is helping address concerns about competition between fuel production and 

food supplies. These innovations are making ethanol production more efficient, cost-effective, 

and environmentally sustainable. 

 

Despite its benefits, ethanol faces several challenges. Large-scale production requires 

significant agricultural resources, including land and water, and there are concerns about 

potential impacts on food prices and biodiversity. Additionally, ethanol contains less energy 

per liter than gasoline, which can result in slightly lower fuel efficiency. Infrastructure upgrades 

and continued investment in research are necessary to maximize ethanol's benefits and 

overcome these limitations. 

 

In conclusion, ethanol is playing an increasingly important role in transforming the future of 

transportation. Its renewable nature, environmental benefits, contribution to energy security, 

and support for rural economies make it a valuable component of sustainable transportation 

strategies. While challenges remain, ongoing technological advancements and policy support 

are likely to expand ethanol's role in the global energy mix, helping create a cleaner, more 

resilient, and environmentally responsible transportation system for future generations. 

 

Limitations 

Ethanol, despite being a promising alternative fuel for reducing dependence on fossil fuels and 

lowering environmental pollution, has several limitations that restrict its large-scale 

effectiveness in the transportation sector. One of the primary drawbacks is its lower energy 

content compared to gasoline, which means that vehicles running on ethanol or ethanol-blended 

fuels generally deliver fewer kilometers per liter, resulting in reduced fuel efficiency and more 

frequent refueling. Another significant limitation is the heavy reliance on agricultural resources 

for its production, as crops like sugarcane and corn are commonly used as feedstocks; this 

creates a potential conflict between food and fuel production, often raising concerns about 

increased food prices, land use pressure, and competition for water and fertile soil. 

Additionally, large-scale ethanol cultivation can contribute to environmental issues such as soil 

degradation, excessive water consumption, fertilizer runoff, and loss of biodiversity if not 

managed sustainably. The production and distribution infrastructure for ethanol also present 

challenges, as it requires modifications to existing fuel systems because ethanol is hygroscopic 
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(it absorbs water) and can be corrosive to certain metals and rubber components, leading to 

higher maintenance and transportation costs. Moreover, not all vehicles are compatible with 

high ethanol blends, limiting its adoption in regions where older or non-flex-fuel vehicles are 

still widely used. The overall environmental benefits of ethanol can also vary depending on the 

production process; if fossil fuels are heavily used during farming, processing, and transport, 

the net reduction in greenhouse gas emissions may be significantly reduced, weakening its 

sustainability advantage. Furthermore, ethanol supply is highly dependent on agricultural 

output, making it vulnerable to fluctuations caused by climate conditions, droughts, pests, and 

changing weather patterns, which can affect both availability and pricing stability. Due to these 

combined challenges—economic, environmental, technical, and agricultural—ethanol, while 

valuable as a transitional fuel, still requires careful management, technological advancement, 

and supportive policies to overcome its limitations and achieve more sustainable long-term use 

in transportation.  

 

Although ethanol offers several environmental and economic benefits, it also has certain 

limitations that affect its widespread adoption. One major drawback is its lower energy content 

compared to gasoline, meaning vehicles running on ethanol-blended fuels may travel fewer 

kilometers per liter. This can reduce fuel efficiency and increase fuel consumption. Another 

limitation is the large amount of agricultural land, water, and other resources required for 

ethanol production. When food crops such as corn or sugarcane are used as feedstocks, 

concerns arise about competition between food and fuel production, which may contribute to 

higher food prices and pressure on agricultural systems. Intensive farming practices can also 

lead to soil degradation, water pollution, and loss of biodiversity. 

 

Ethanol production and transportation infrastructure can be costly to develop and maintain. 

Storage and distribution systems often require modifications because ethanol can absorb water 

and may corrode certain materials used in fuel pipelines and storage tanks. Additionally, not 

all vehicles are designed to operate on high ethanol blends, limiting its use in some regions. 

The environmental benefits of ethanol can vary depending on how it is produced. If significant 

fossil fuel energy is used during cultivation, processing, and transportation, the overall 

reduction in greenhouse gas emissions may be lower than expected. Furthermore, expanding 

crop cultivation for ethanol production can contribute to deforestation and habitat loss in some 

areas. 
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Finally, ethanol availability depends on agricultural output, which can be affected by weather 

conditions, droughts, pests, and climate change. These factors can lead to fluctuations in 

production and fuel supply. Therefore, while ethanol is an important alternative fuel, 

addressing these limitations is essential to ensure its long-term sustainability and effectiveness 

in transforming transportation. 

 

Conclusion 

The future of ethanol blending in India holds immense potential for transforming the country’s 

energy landscape. By leveraging its vast agricultural resources, India can enhance energy 

security, reduce carbon emissions, and promote sustainable economic growth. However, 

realizing this potential requires sustained policy support, investments in infrastructure and 

research, and a collaborative effort from the government, industry stakeholders, and the 

agricultural sector. With a comprehensive approach and concerted efforts, India can make 

ethanol blending a key pillar of its renewable energy strategy, paving the way for a greener 

and more sustainable future. India’s ethanol-blending initiative holds immense potential 

for enhancing energy security, reducing carbon emissions, and boosting rural economies. 

However, overcoming challenges such as feedstock shortages, water usage, and 

infrastructure limitations is critical to achieving the 20% blending target by 

2025. Strengthening policy support, expanding decentralized production, and improving 

vehicle compatibility will accelerate progress.  The success of an energy source relies on its 

performance in terms of social, environmental, and economic aspects. If we ignore the 

multidimensional facet of the energy sector, we could take steps back from the scientific and 

critical advances of the last decades. The data we presented here makes it clear that it is not 

about choosing between only one form of fuel, but harnessing distinct local potentials and 

considering the load of inputs and logistics in each case. Besides, taking into account the 

current engine efficiencies, it is a matter of simple math: ethanol or electricity alone would 

not be able to substitute fossil fuels in the transportation sector entirely. Ethanol has emerged 

as a promising and sustainable alternative to conventional fossil fuels, with the potential to 

significantly transform the future of transportation. Its ability to reduce greenhouse gas 

emissions, improve air quality, enhance energy security, and support agricultural 

development makes it an important component of the global transition toward cleaner energy. 

The study highlights that ethanol not only contributes to environmental sustainability but also 

generates economic benefits through employment creation, rural development, and reduced 

dependence on imported petroleum. Government initiatives, technological advancements, and 
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increasing investments in biofuel infrastructure have further accelerated the adoption of 

ethanol-based fuels across the world. Despite challenges such as feedstock availability, water 

consumption, infrastructure requirements, and the food-versus-fuel debate, ongoing research 

and the development of advanced biofuels, particularly second-generation ethanol, offer 

viable solutions to these concerns. The experiences of countries such as Brazil and India 

demonstrate that with effective policy support and technological innovation, ethanol can 

become a key driver of sustainable transportation. Therefore, ethanol represents not merely 

an alternative fuel but a strategic pathway toward achieving environmental protection, 

economic growth, and long-term energy security. As nations continue to pursue sustainable 

development goals, ethanol is poised to play a crucial role in creating a cleaner, greener, and 

more resilient transportation future. 
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