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. GS Paper III - Environment, Pollution & Degradation; Renewable Energy; Agriculture and Economy; Science & Technology
. GS Paper II - Governance & Policy Implementation; International Relations (Global Biofuel Alliance)
. GS Paper I - Economic Geography (Resource Distribution); Agriculture and Rural Development

Context

In August 2025, India achieved its 20% ethanol blending (E20) target five years ahead of schedule. The program is projected to save $10 billion
annually in crude imports, reduce greenhouse gas emissions, and enhance rural incomes. However, it also raises concerns about food security, water
use, and consumer safety, making ethanol blending a critical policy area balancing energy,

environment, and empowerment.

Sources of Ethanol
Ethanol Production in India Production

What is Ethanol? 1. First-Generation (1G) Ethanol

Derived directly from food crops

e Chemical Formula: C,H;0H 5 : :
like sugarcane, maize, surplus rice.

e Arenewable biofuel, produced through fermentation of sugar, starch, or cellulosic
materials. Example: Sugarcane molasses,
e Used as: grain-based ethanol

o Fuel additive in petrol (Ethanol Blended Petrol - EBP). B
o Industrial solvent and in pharmaceuticals, beverages, sanitizers. 2.Second-Generation (2G) Ethanol
Derived from agro-residues & waste biomass

Current Status in India (rice straw, wheat straw, bagasse, corn cobs) |
 India is 3rd largest ethanol producer globally (after USA & Brazil). T \\‘\\ ) 7,
e Production Capacity (2025): ~13 billion litres annually. V \\\\\ W',’//
« Ethanol Blending Targets: . !
o 2025: Achieved E20 (20% blending) ahead of _Example; P;F"F;agzéG Ethanol Plant
Production Process  schedule il
o Long-term: Move towards E30-E50in future 3.Third-Generation (3G) Ethanol
‘ decades.
Feedstock Collection « Policy Support: (future technology)
™ sugarcanejuice, molasses,, National Policy on Biofuels (2018, amended Derived from algae and
— i 2021). advanced bio-resources
l o Fixed procurement price for ethanol by OMCs.

Fermontation o Interest subvention scheme for new distilleries.

— microorganisms convert
starch/sugar into ethanol

l

Distillation
— separates ethanol from
water and impurities Enhancing Energy Security and Reducing Import Bills

Il -

Dehydration

— yields anhydrous ethanol
(>99.5%) for blending with petrol

Strategic Implications of Ethanol Blending for India’s Growth and
Energy Sustainability

« India is heavily dependent on crude imports; ethanol reduces vulnerability to price shocks.
e From 2014-15 to July 2025, blending saved ¥1.44 lakh crore and replaced 245 lakh MT crude oil.
e Meeting E20 could save $10 billion/year.
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Evolution of Ethanol Policy
in India — A Timeline

5% ethanol blending program
2003 ‘ launched in select states and UTs.

Nationwide rollout of the Ethanol
2009 @ Blending Programme (EBP), though
implementation remained patchy

National Policy on Biofuels
introduced - expanded feedstock
basket, promoted 2G ethanol, and
set blending target of 20% by 2030

2018 @

Target for E20 blending advanced

Boosting Agriculture and Farmer Incomes

e Provides assured markets for sugarcane and maize.

e OMCs to pay farmers around 40,000 crore in 2025.

e Farmers as Annadatas and Urjadaatas, reducing agrarian distress.
Environmental Benefits

e Ethanol burns cleaner, lowering CO and GHG emissions.

e Sugarcane ethanol cuts 65% GHG, maize ethanol 50%.

e Reduced 736 lakh MT CO, — equivalent to 30 crore trees planted.

Waste-to-Wealth and Circular Economy

e Surplus grains and residues converted into ethanol — reduces stubble burning.
e 2G ethanol plants (e.g., Panipat) showcase biomass conversion.

India as a Global Leader

2021 © from 2030 to 2025
o Early achievement of E20 = global recognition.
. Launch of the Global Biofuel e Leadership reinforced through the Global Biofuel Alliance (GBA, 2023).
2023 @ Alliance (GBA) during India’s
G20 Presidency

2025 . India achieved E20 blending target
five years ahead of schedule

India vs Global Ethanol Leaders — A Comparative View

Country Blending Norms Feedstock Used Strengths Concerns
India E20 (2025) Sugarcane, maize, surplus rice, Achieved E20 early, strong farmer Food vs fuel, water stress,
crop residues (emerging) linkage, GBA leadership limited 2G adoption
Brazil E27 compulsory; flex-fuel cars Sugarcane Global leader in ethanol, flexible Land use pressure,
use up to 100% ethanol vehicle adoption monoculture risks
USA E10  nationwide, @ E15/E85 Corn Large-scale production, strong Food inflation risks due to
optional infrastructure corn dependency

Key Issues Associated with India’s Ethanol Blending Ambitions

1. Food vs Fuel Dilemma

) . N . Key Issues Associated with
. recurring challenge is the conflict between energy security and foo . - s
security. ® India’s Ethanol Blending Ambitions

e In2023, the government temporarily banned sugarcane juice for
ethanol due to fears of sugar shortages (later reversed).

e Surplus rice and maize diversion towards ethanol threatens food prices
and availability, especially in years of poor harvests.

e C(Case: In 2024, India—normally a corn exporter—imported 1 million
tonnes of corn to meet domestic demand strained by ethanol use.

o Implication: Risk of inflation in food grains, social unrest, and violation

of SDG-2 (Zero Hunger) goals. Food vs Fuel Water Environmental
Dilemma Stress Concerns

2. Water Scarcity and Ecological Stress

e Sugarcane-based ethanol is highly water-intensive.

e Producing 1 litre of ethanol from sugarcane requires ~2,860 litres of
water.

e In water-stressed regions (Maharashtra, Uttar Pradesh), this
deepens groundwater depletion and threatens sustainability.

e Overdependence on water-guzzling crops contradicts India’s climate- Trade Vehicle

resilient agriculture goals. Pressures Compatibility
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3. Overdependence on 1G Ethanol

e India’s blending program still relies heavily on first-generation (1G) ethanol from food crops.

e Second-generation (2G) ethanol, which uses crop residues and waste biomass, faces high capital costs and technological hurdles.
e Only a handful of large 2G plants (e.g., Panipat) are operational, contributing marginally.
o Risk: Without rapid scale-up of 2G, India’s program risks being unsustainable in the long run.

4. Environmental and Pollution Concerns

o Ethanol plants generate vinasse, a nutrient-rich toxic waste often discharged untreated into rivers (e.g., Krishna River basin).
e The industry is classified under the “Red Category” (Pollution Index 260).

e Other harmful pollutants: acetaldehyde, formaldehyde, spillage waste, affecting human and ecosystem health.

o This contradicts the clean energy narrative unless strict regulation is enforced.

5. Geopolitical and Trade Policy Pressures
e Major ethanol producers like the US and Brazil have raised concerns at the WTO about India’s subsidies and import restrictions.
e They argue India’s biofuel policies are protectionist, distorting global trade.
e Potential outcome: trade disputes or pressure to liberalize imports, weakening India’s domestic ethanol industry.

e While India defends this as energy security + farmer welfare, global scrutiny remains a risk.

6. Vehicle Compatibility and Consumer Safety

From April 2023, new vehicles must be E20-compliant, with strict enforcement from April 2025.
However, 90% of vehicles on Indian roads are only E10-ready.
Using E20 in E10 vehicles risks:
o Reduced mileage,
o Corrosion of rubber/plastic parts,
o Long-term engine damage.
Raises consumer confidence issues and requires a phased fleet transition with full awareness campaigns.

Measures for Ensuring Sustainable and Efficient Ethanol Production in India

1. Diversification of Feedstock Sources

What Measures Can Ensure Sustainable
e Move away from over-reliance onsugarcane and . "
rice towards second-generation (2G) ethanol using: EthanOI PrOdUCtlon .

o Agricultural residues (stubble, wheat/rice straw),
o Municipal solid waste, and —

o Non-food biomass. fé
e Incentivize R&D and private investmentin advanced -y
processing technologies. Diversification Water-Smart Regulatory
e Promote circular economy practices through integration Methods Reforms

with waste-management infrastructure.

e Encourage use ofCarbon Capture and Utilization
(CCU) at ethanol plants to convert CO, into value-added
products, creating sustainability and new revenue streams.

2. Water-Smart Ethanol Production Infrastructure Farmer Financial
Empowerment De-Risking
o Enforce mandatory water audits and water
budgeting for distilleries.
o Shift procurement towards drought-tolerant

crops and dryland farming systems.
o Subsidize drip irrigation, rainwater harvesting, and low-water fermentation technologies in stressed regions.
e Develop climate-adaptive ethanol zones with crop planning aligned to water availability.

3. Regulatory and Quality Control Reinforcement

Establish an independent Ethanol Quality and Compliance Authority to monitor:
o Standardized blending practices,
o Vehicle compatibility, and
o Pollution control benchmarks.
e Mandate real-time monitoring of emissions and public disclosure of audits.
Integrate blending with lifecycle emission accounting and third-party verification.
Benchmark India’s regulations against Brazil's ethanol model and other global best practices.
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4. Value-Chain and Infrastructure Upgradation

Invest in dedicated ethanol transport, storage, and blending infrastructure across non-cane regions.
Encourage digitized supply-chain tracking using blockchain and IoT for transparency.

Promote development of “ethanol corridors” for seamless interstate movement.

Provide viability-gap funding for ethanol infrastructure in resource-constrained states.

5. Farmer Capacity Building and Crop Diversification

e Launch awareness and training programs for farmers on multi-crop rotations and resource-efficient cultivation.
e Provide minimum price guarantees and crop insurance for ethanol-linked crops to reduce risk.

e Encourage formation of Farmer Producer Organizations (FPOs) dedicated to non-traditional ethanol crops.

e Link farmer skill development with bio-economy processes, ensuring equitable rural participation.

6. Integrated Wastewater and By-Product Utilization

o Enforce zero-liquid discharge (ZLD) norms for every distillery.

o Convert vinasse into biogas, compost, or electricity to reduce environmental damage.

e C(Create green credit systems and eco-labelling for industries using by-products responsibly.
e Encourage pilots for nutrient recovery and emission reduction technologies.

7. Financial De-Risking and Incentives

o Use green bonds, sovereign guarantees, and viability-gap funding to attract private capital.

o Ensure long-term ethanol procurement contracts with OMCs for financial security.

e Provide tax incentives, interest subventions, and easier credit access for SMEs entering the ethanol value chain.
e Build a robust financing ecosystem to scale projects without overburdening fiscal resources.

Conclusion

India’s ethanol blending strategy must rest on the “3Es” principle - Energy security, Environmental sustainability, and Economic empowerment.
With feedstock diversification, technology adoption, and farmer inclusion, India can not only secure its energy future but also position itself as
a biofuel superpower. This aligns directly with SDGs 7, 12, and 13, reinforcing India’s leadership in the global energy transition.

4 Practice Mains Questions

1. “Critically examine the opportunities and challenges of India’s ethanol blending program. How can the balance between energy security,
food security, and environmental sustainability be ensured?”
2. “Examine the role of second-generation (2G) biofuels in addressing the limitations of India’s ethanol blending program.”



