
© February 2025| IJIRT | Volume 11 Issue 9 | ISSN: 2349-6002 

IJIRT 173113 INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 1848 

The Role of Ethanol and Electric Vehicles in Mitigating 

Climate Change: A Comparative Study 

 

 

Shlok Gupta, Kaushal Sharma 
 

Abstract - This study focuses toward how electric 

vehicles (EVs) and fuels based on ethanol can help 

reduce greenhouse gas emissions and slow down global 

warming. With an emphasis on India specifically, the 

study compares the economic, environmental, and 

infrastructure aspects of various alternate 

transportation options to shed light on their viability 

and efficacy for widespread adoption. Policy initiatives 

that can improve their execution are also covered in 

the analysis.  
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INTRODUCTION 

Background & Problem Statement - One of the most 

important global problems facing the 21st century is 

climate change, and transportation contributes 

significantly to greenhouse gas (GHG) emissions. 

Carbon dioxide (CO₂) is released when fossil fuels 

are burned for automobiles, which contributes to 

environmental deterioration and global warming. 

Cleaner transportation options are desperately 

needed as countries work to reach their climate 

targets under accords like the Paris Agreement. 

Importance of Alternative Fuels - Electric vehicles 

(EVs) and biofuels derived from ethanol have drawn 

a lot of interest among the potential answers. In an 

effort to cut pollution, gasoline is increasingly being 

mixed with ethanol, a sustainable fuel made from 

biomass. In the meanwhile, if EVs are fuelled by 

renewable energy sources, they promise a future 

with zero tailpipe emissions. The question of which 

technology is better at reducing climate change is 

raised by the fact that each provides distinct routes 

to sustainability. 

RESEARCH OBJECTIVE 

This study aims to compare ethanol and EVs as 

viable alternatives to fossil fuels by examining their: 

Environmental impact (GHG emissions, energy 

efficiency). 

Economic feasibility (cost, infrastructure 

requirements). 

Scalability in India’s transportation sector. 

Scope of the Study 

The study will examine India's Ethanol Blending 

Program (EBP), which promotes the usage of 

ethanol, and the expansion of EVs through programs 

like FAME (Faster usage and Manufacturing of 

Electric Vehicles). For comparative analysis, global 

case studies from Europe, the USA, and Brazil will 

be examined. 

 

Ethanol as a Renewable Fuel 

Ethanol is a biofuel derived from plant materials 

such as sugarcane, corn, and other biomass, making 

it a renewable alternative to fossil fuels. It has 

gained global attention as a cleaner fuel that can 

reduce greenhouse gas (GHG) emissions and 

dependence on petroleum-based fuels. 

1. Composition & Production Process 

Ethanol (C₂H₅OH) is an alcohol-based fuel 

produced primarily through the fermentation of 

plant sugars. There are two main types of ethanol 

production: 

First-Generation Ethanol – Derived from food crops 

like sugarcane, corn, and wheat. 

Second-Generation Ethanol – Produced from non-

food sources such as agricultural waste, straw, and 

wood chips (cellulosic ethanol). 

India mainly produces ethanol from sugarcane 

molasses, but research is ongoing to expand 

production from cellulosic and algae-based sources 

to avoid competition with food crops. 

2. Ethanol Blending in India 

India has implemented the Ethanol Blended Petrol 

(EBP) Program, which aims to reduce fossil fuel 

consumption and carbon emissions by blending 

ethanol with petrol. 

● Current Target: India aims for 20% ethanol 

blending (E20) by 2025. 

● Current Status: The ethanol blend in petrol 

reached 12% in 2023. 

●  Global Comparison: 

● Brazil leads in ethanol usage, with E85 (85% 

ethanol blend) widely available. 
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● The USA uses E10 and E15 as common fuel 

blends. 

3. Environmental Benefits of Ethanol- 

Ethanol emits fewer carbon emissions because it 

burns cleaner than gasoline, which reduces 

emissions of carbon monoxide and CO2. 

Renewable & Sustainable: Ethanol can be 

manufactured continually because it comes from 

plants. 

Cuts Dependency on Fossil Fuels - Contributes to 

lowering oil imports and enhancing energy security. 

Reduced Pollutants: When compared to diesel and 

gasoline, ethanol emits lower sulfur and particle 

emissions. 

However, the method used to create ethanol 

determines the overall advantages. If it comes from 

sugarcane, there may be issues with food security, 

excessive water use, and deforestation. 

4. Challenges of Ethanol Adoption 

Ethanol production from food crops can lead to food 

shortages and price increases, as it requires 

significant water resources. Land use issues and 

deforestation can result from expanding production. 

Ethanol also has a lower energy density than petrol, 

requiring more fuel to travel the same distance. 

5. Policy & Future of Ethanol in India 

India is investigating second-generation ethanol 

(cellulosic ethanol), which employs agricultural 

waste rather than food crops, to make the adoption 

of ethanol sustainable. The goal of government 

incentives like ethanol production subsidies and 

flexible-fuel vehicles (FFVs) is to increase the 

contribution of ethanol to the reduction of 

transportation-related emissions. 

The Growth of Electric Vehicles (EVs) 

India is investigating second-generation ethanol 

(cellulosic ethanol), which employs agricultural 

waste rather than food crops, to make the adoption 

of ethanol sustainable. The goal of government 

incentives like ethanol production subsidies and 

flexible-fuel vehicles (FFVs) is to increase the 

contribution of ethanol to the reduction of 

transportation-related emissions. 

1. What Are Electric Vehicles (EVs)? 

EVs are automobiles that are powered on electricity 

rather than fossil fuels. They are a zero-emission 

substitute for conventional internal combustion 

engine (ICE) vehicles since they run on batteries, 

electric motors, and power controllers. 

Types of EVs 

Battery Electric Vehicles (BEVs) – Fully electric, 

powered only by batteries (e.g., Tesla Model 3, Tata 

Nexon EV). 

Plug-in Hybrid Electric Vehicles (PHEVs) – 

Combine an electric motor with a fuel-based engine 

(e.g., Toyota Prius PHEV). 

Hybrid Electric Vehicles (HEVs) – Use both a fuel 

engine and a small electric motor but do not require 

external charging (e.g., Toyota Camry Hybrid). 

2. The Rise of EVs in India 

Government regulations, decreasing battery prices, 

and rising consumer awareness are all contributing 

to India's expanding EV adoption. 

Key Drivers of EV Growth 

Government Incentives: 

FAME II Scheme - ₹10,000 crore ($1.2 billion) was 

initially set out for infrastructure and EV subsidies. 

State-Level EV Policies - Delhi, Maharashtra, and 

Tamil Nadu offer additional tax benefits. 

GST Reduction - EVs taxed at 5% (compared to 

28% for petrol/diesel vehicles). 

Declining Battery Costs: Since 2010, the cost of 

lithium-ion batteries has decreased by more than 

80%, lowering the cost of EVs and New battery tech 

(e.g., solid-state, sodium-ion) is further reducing 

costs. 

Rising Fuel Costs: High petrol and diesel prices 

make EVs more attractive due to lower running 

costs. 

Charging Infrastructure Expansion:  

India aims to set up 46,000 EV charging stations 

under FAME-II. 

Expansion is being accelerated by both public and 

private investments (Indian Oil, BPCL, and Tata 

Power). 

3. Environmental Benefits of EVs 

Ethanol production from food crops can lead to food 

shortages and price increases, as it requires 

significant water resources. Land use issues and 

deforestation can result from expanding production. 
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Ethanol also has lower energy density than petrol, 

requiring more fuel to travel the same distance. 

4. Challenges in EV Adoption 

 EVs in India face high initial costs, limited charging 

infrastructure, battery supply chain issues, and a 

coal-based electricity grid. Government subsidies 

help, but charging networks are still developing in 

many cities. India relies on imports for lithium, 

cobalt, and nickel, increasing costs. 

5. Future of EVs in India 

Battery innovations include solid-state, sodium-ion, 

and hydrogen fuel cell batteries. Smart cities 

integrate EV charging hubs and solar stations. 

Electric public transport expands with buses, e-

rickshaws, and shared mobility solutions. 

Companies like Tata, Mahindra, and Ola Electric 

launch budget-friendly EV models. 

Policy Recommendations for Ethanol and EV 

Adoption in India 

Electric vehicles (EVs) and ethanol must be adopted 

more quickly as sustainable transportation options, 

which requires a well-rounded and coordinated 

governmental approach. To improve the influence of 

these technologies in reducing climate change, the 

following are important suggestions for laws, 

industry rules, and consumer incentives. 

1. Integrated Approach: Ethanol + EV Strategy 

 Short-Term (2025–2030): Develop EV 

infrastructure and increase ethanol blending (E20–

E85). 

 Medium-Term (2030–2040): Encourage the use of 

flex-fuel vehicles (FFVs) and lower battery prices to 

encourage widespread EV adoption. 

 Long-Term (2040+): Make the switch to a 

completely electric transportation sector that is 

fueled by green energy. 

2. Policies for Ethanol Adoption 

Higher Blending Targets for Ethanol - Ethanol 

blending should be increased from 20% (E20) by 

2025 to 30%–40% (E30–E40) by 2035. Introduce 

E85 fuel for flex-fuel cars, which is comparable to 

the ethanol-based system used in Brazil.  

Diversification of Feedstock - Encourage the use of 

agricultural waste (such as straw and husk) to 

produce second-generation (2G) ethanol rather than 

food crops. Provide incentives for the generation of 

ethanol from cellulosic and algae-based sources. 

 Infrastructure Development - Extend networks for 

the delivery and storage of ethanol at fuel stations. 

Invest in refineries to produce ethanol sustainably 

and with minimal water use. 

Automaker Regulations - By 2030, new gasoline-

powered vehicles must be flex-fuel vehicles (FFVs). 

Promote the production of hybrid ethanol-electric 

vehicles by automakers. 

 Farmer Incentives & Sustainability - To avoid 

problems between food and fuel, offer subsidies for 

the production of biofuel crops. Make sure ethanol 

crops are irrigated efficiently with water to prevent 

overuse of resources. 

3. Policies for EV Adoption 

Expansion of Charging Infrastructure - In cities and 

on highways, expand the number of public fast-

charging stations. Install stations for two- and three-

wheelers to swap batteries. 

Battery Innovation & Local Manufacturing- Invest 

in research and development for solid-state and 

sodium-ion batteries to lessen dependency on 

imported lithium. To establish a circular economy, 

offer incentives for recycling spent EV batteries. 

Electric Public Transport & Last-Mile Mobility- By 

2030, switch to electric city buses, taxis, and 

rickshaws. Promote e-mobility options such as e-

scooters and e-bikes.  

 Renewable-Powered EVs - Encourage EV charging 

stations fueled by solar and wind energy to lessen 

reliance on coal-based electricity. 

Time-of-use (TOU) pricing should be used to 

encourage EV charging during off-peak hours. 

Financial Incentives & Tax Benefits - Maintain 

FAME-II subsidies and implement FAME-III, 

which will provide more assistance to individual EV 

purchasers. 

Reduce EV loan interest rates and increase tax 

breaks for EV purchases. 

4. Cross-Sector Collaboration 

Government & Private Sector: Collaborate with 

automakers, energy companies, and startups to 

promote the growth of ethanol and EVs. 

International Cooperation: Take inspiration from 

Norway's EV leadership and Brazil's ethanol 

achievement. 

Public awareness campaigns: Inform customers 

about the advantages of electric vehicles, ethanol 
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blending, and environmentally friendly 

transportation. 

CONCLUSION 

Mitigating climate change, reducing our 

dependency on fossil fuels, and enhancing air 

quality all depend on the shift to sustainable 

transportation. Electric vehicles (EVs) and ethanol-

based biofuels both present feasible routes to 

accomplishing this objective, each with special 

benefits and drawbacks. 

Ethanol blending, particularly with flex-fuel 

vehicles and second-generation ethanol production, 

offers a short- to medium-term option to lowering 

carbon emissions from current gasoline-powered 

automobiles. However, because ethanol production 

involves issues with water and land management, it 

cannot completely decarbonize the economy on its 

own. 

Long-term, EVs are the best way to achieve a future 

with no emissions. EVs can drastically reduce 

greenhouse gas emissions and improve energy 

security with improvements in battery technology, 

charging infrastructure, and renewable energy 

integration.  

However, regulatory assistance, investment in 

battery innovation, and the expansion of renewable 

energy sources are necessary to solve issues 

including high initial costs, battery supply chain 

dependencies, and coal-based electrical grids. 

The best course of action is to combine EVs as the 

final solution with ethanol as a transitional fuel in a 

balanced manner. Public awareness, industrial 

cooperation, and robust policy frameworks will all 

be essential to India's success during this shift. India 

can set the standard for sustainable transportation 

while accomplishing its energy independence and 

climate goals by implementing a smart combination 

of electrification and biofuels. 


