
 

 

4. India's Biofuel Transition E100 - Environment 
1. Context 
1. Amid global energy disruptions and rising crude oil import dependence, India is accelerating its 

transition towards ethanol-based fuels and cleaner alternatives. 
2. Key initiatives include E100 fuel, flex-fuel vehicles (FFVs), and Sustainable Aviation Fuel (SAF) to 

enhance energy security and reduce carbon emissions. 
3. This represents comprehensive strategy addressing transport decarbonization across road and 

aviation sectors. 

2. Core Strategy - Integrated Biofuel-Based Energy Transition 
Multi-Sectoral Approach 
1. India is adopting multi-sectoral and multi-fuel transition model integrating diverse biofuel sources. 
2. Ethanol including E100 and blending programmes providing liquid fuel alternatives.  
3. Compressed Bio-Gas (CBG) under SATAT initiative converting waste to energy. 
4. Sustainable Aviation Fuel addressing hard-to-decarbonize aviation sector. 
5. This reflects shift towards diversified, domestic, and low-carbon energy mix reducing import 

dependence. 

3. Road Transport Pillar - E100 and Flex-Fuel Vehicles 
About E100 Fuel 
1. E100 refers to fuel with 100% ethanol content or near-100% since small quantities of water improve 

combustion. 
2. While renewable alternative to fossil fuels, it possesses hygroscopic properties absorbing moisture 

from air. 
3. Highly corrosive to certain metals and rubbers requiring specialized materials.  
Flex-Fuel Vehicle Technology 
1. Unlike standard engines designed for fixed ethanol blend, these vehicles utilize Internal Control 

Module. 
2. Specialized onboard sensors detect the ethanol-petrol ratio in real-time. 
3. Flex-fuel vehicles designed to run on any mixture of ethanol and petrol from pure petrol to E100.  
4. System automatically adjusts fuel injection and spark timing in real-time optimizing performance for 

any blend. 
Technical Reconfiguration 
1. Adoption necessitates corrosion-resistant metallurgy for fuel lines, seals, and injectors withstanding 

ethanol's corrosive properties. 
2. Ethanol has roughly 33% lower energy density than Petrol (Motor Spirit) meaning less energy per liter.  
3. These vehicles typically require larger fuel tanks or more frequent refueling to achieve comparable 

range. 

4. Aviation Decarbonization - Sustainable Aviation Fuel 
Legal Framework 
1. The Ministry of Petroleum and Natural Gas provided legal basis for "green flight" transition.  
2. Amending Aviation Turbine Fuel (Regulation of Marketing) Order, 2001 enabling SAF 

commercialization. 
About Sustainable Aviation Fuel 
1. Consists of specially processed, aviation-grade hydrocarbons produced from Used Cooking Oil, 

biogenic residues, or ethanol. 
2. Not alcohol but synthesized hydrocarbon chemically similar to conventional jet fuel.  
"Drop-in" Capability 
1. This fuel is chemically similar to conventional jet fuel and fully compatible with existing aircraft 

engines. 



 

 

2. Infrastructure compatible requiring no hardware modifications eliminating need for costly fleet 
upgrades. 

The Blending Roadmap 
1. To align with International Civil Aviation Organization standards, India has set phased targets for 

international flights. 
2. 1% by 2027 establishing initial infrastructure. 
3. 2% by 2028 expanding production capacity. 
4. 5% by 2030 achieving significant decarbonization contribution. 

5. Feedstock Evolution - 1G vs. 2G Ethanol 
First-Generation (1G) Ethanol 
1. Produced from edible sources like sugarcane juice, molasses, and food grains including broken rice 

and maize. 
2. This raises concerns regarding water stress in sugarcane cultivation and food security 

compromising food availability. 
Second-Generation (2G) Ethanol 
1. Produced from lignocellulosic biomass or non-edible agricultural residues. 
2. Sources include paddy straw/stubble and cotton stalks converting waste to value.  
Strategic Significance 
1. Shift to Second-Generation Ethanol essential for long-term sustainability avoiding food-fuel conflict. 
2. Addresses stubble burning in Northern India providing economic alternative to farmers.  
3. Creates circular bio-economy transforming agricultural waste into economic asset. 

6. Crisis Management and Industrial Resilience 
SATAT and Compressed Bio-Gas 
1. Sustainable Alternative Towards Affordable Transportation (SATAT) initiative promotes CBG from 

waste. 
2. Reducing dependence on imported Liquefied Natural Gas improving energy security.  
Infrastructure Expansion 
1. Petroleum and Explosives Safety Organization (PESO) accelerated approvals for hundreds of CNG 

and CBG stations. 
2. Record-time licensing enabling rapid infrastructure rollout. 
Strategic Restrictions 
1. Complete export ban on Ammonium Nitrate implemented to prioritize domestic coal mining 

explosives. 
2. Ensuring uninterrupted coal production for thermal power generation.  
Fiscal Relief 
1. Reduction of Basic Customs Duties for energy-heavy sectors including Ceramics, Glass, and Tyres. 
2. Preventing cost-push inflation protecting consumers from energy price shocks. 

7. Key Technical Details 
Octane vs. Energy 
1. Ethanol has higher octane rating improving engine performance and anti-knock properties. 
2. But lower energy density reducing mileage compared to Petrol creating consumer acceptance 

challenge. 
PESO's Role 
1. Petroleum and Explosives Safety Organization operates under Department for Promotion of Industry 

and Internal Trade. 
2. Ministry of Commerce and Industry serving as nodal agency for licensing gas dispensing stations.  
Chemical Nature of SAF 
1. Chemically identical to Aviation Turbine Fuel not an alcohol but synthesized hydrocarbon.  



 

 

2. Enables seamless integration with existing aviation infrastructure.  

8. Significance - Multi-Dimensional Impact 
Strategic Energy Autonomy 
1. Aggressively pivoting toward E100 and SAF reduces vulnerability to West Asian geopolitical volatility.  
2. Insulates economy from sudden spikes in Current Account Deficit caused by high global crude 

prices. 
Decarbonizing Hard-to-Abate Sectors 
1. While passenger cars moving toward electrification, aviation and long-haul transport remain difficult 

to electrify. 
2. SAF and high-blend biofuels provide viable decarbonization pathway without total overhaul of 

existing infrastructure. 
Agricultural Prosperity and Circular Economy 
1. Shift toward 2G Ethanol transforms agricultural waste like paddy straw from environmental liability 

into economic asset. 
2. Stubble burning eliminated while augmenting rural incomes supporting farmer welfare.  
Emission Efficiency (Oxygenated Combustion) 
1. Ethanol is oxygenated fuel with higher oxygen content facilitating more complete combustion.  
2. Significant reduction in tailpipe emissions of Carbon Monoxide and Particulate Matter improving 

urban air quality. 
Compliance with Global Norms 
1. Strategic timing with CAFE III norms and ICAO standards ensures Indian manufacturers remain 

globally competitive. 
2. Avoids international carbon penalties maintaining export competitiveness.  

9. Challenges 
Energy Density Gap 
1. Ethanol has roughly 33% lower energy density than petrol translating to lower mileage.  
2. Could hinder adoption unless ethanol priced significantly lower achieving price parity per kilometer.  
Water-Energy-Food Nexus 
1. Heavy reliance on 1G ethanol from sugarcane risks depleting groundwater.  
2. Inflating food prices by diverting agricultural produce to fuel production.  
3. Balancing fuel needs with National Food Security remains delicate task.  
Infrastructural Constraints 
1. Ethanol is hygroscopic and cannot be transported via existing petroleum pipelines.  
2. Necessitating expensive dedicated logistics including road tankers or dedicated pipelines.  
Fiscal Disparity 
1. Electric Vehicles enjoy preferential GST of 5% while FFVs face higher tax burden up to 28% plus cess.  
2. Fiscal gap discourages manufacturers and buyers from choosing FFVs over EVs.  
Feedstock Supply Chain Scalability 
1. While 2G ethanol environmentally superior, technology for large-scale commercial production still 

nascent. 
2. Requires high capital expenditure limiting rapid deployment. 

10. Way Forward 
Rationalizing Taxation 
1. Government should consider graduated GST structure for FFVs placing them between ICE and EVs.  
2. Incentivize adoption while ecosystem matures. 
Promoting 2G and 3G Biofuels 
1. Policy focus must shift decisively from 1G to 2G crop residue and 3G algae-based biofuels. 
2. Protect food security and reduce water footprint. 



 

 

Incentivizing R&D 
1. Providing Viability Gap Funding for indigenous development of high-compression flex-fuel engines. 
2. Address energy density issue making FFVs as efficient as petrol counterparts.  
Dedicated Bio-Fuel Corridors 
1. Develop dedicated ethanol pipelines connecting sugar-surplus states to rest of country. 
2. "Green Rail Corridors" overcoming logistical hurdles. 
International Collaborations 
1. Leverage Global Biofuels Alliance launched during India's G20 presidency.  
2. Share best practices on SAF blending and carbon credit mechanisms leading global clean energy 

ecosystem. 

11. Conclusion 
India's push for E100 fuel, flex-fuel vehicles, SAF, and CBG reflects strategic convergence of energy 
security, climate goals, and rural transformation. Success depends on technological innovation, 
sustainable feedstock availability, and stable policy support.  Ensuring transition that is economically 
viable reducing consumer costs, environmentally sustainable protecting food and water security, and 
globally competitive maintaining India's manufacturing edge. Balancing immediate energy security 
needs with long-term sustainability requires coordinated action across agriculture, industry, and policy 
domains. 
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