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Efficiency: 40 – 55 % (1.5-3 kW)

PM10: 200 – 400 μg/m3

CO: 600 – 1030 mg/m3

NOx: 35 – 65 mg/m3

Low thermal efficiency 

Longer cooking time

Incompatible for Methanol, Ethanol

Pollutant emissions > WHO limit

Different stove for different liquid fuels

WHO
 indoor air pollution 

guidelines 

< 40
μg/m3

< 30
mg/m3

Kerosene 
cooking stove 

NOx

CO

< 25
μg/m3

PM10

Structure of premixed flames
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Primary alcohols offer significantly cleaner combustion, but pose 
challenges: High volatility, low flash point, transportation risks.

Key Challenges with Current Fuels

LPG Price Volatility – ₹594 → ₹942 within 6 years
Safety Hazards – Pressurized cylinders risk explosions; 
thousands of accidents yearly

High CO Emissions – LPG combustion: High CO & NOₓ 
— respiratory damage

Import Dependency – ₹300B+ annual forex outflow; 
vulnerable to global oil price shocks

The shift toward sustainable energy necessitates highly efficient, 
low-carbon fuels

Gelation technology addresses this by converting volatile liquids into 
a stable, semi-solid state.

This enhances safety, prevents disastrous spills, and improves 
transportability while retaining the alcohol's high energy density.

Flash Point 
13 °C 
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What is Hydro-Ethanol Gel Fuel?

Composition

Ethanol (60–80%)
Primary fuel — from sugarcane, molasses, or 2G biomass

Water (10–20%)
Diluent & safety agent — reduces flash hazard

Gelling Agent (2–5%)
Inorganic (Fumed Silica)/Organic Polymers— converts liquid to 
spill-proof gel

Additives (<2%)
Glycerol (viscosity), Calcium Chloride, HPMC, etc. 
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Polymer chemistry
(MC/HPMC/Carbopol)

The Polymer Network

Hydrogen Bonding

Physical Entrapment

Thermal Gelation
(Methyl Cellulose /Carbopol)

Lower Critical Solution 
Temperature

Chemical Neutralization

Rheological
(Non-Newtonian Shift)

Shear-Thinning

Yield Stress Threshold

non-Newtonian

Gelation changes how the fuel burns by altering the rate of mass transfer (vaporisation): 
Surface Micro-Cavitation + Diffusion-Controlled Release + Linear Burn Rates
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Role of Additives:

• Calcium Chloride: Improves safety but leaves bubble-layered residue.

• Gelling Agents: Inorganic (Fumed Silica) vs Organic Polymers.

• Organic polymers: Renewable, 3D network via hydrogen bonding.

• Glycerol: Controls viscosity, acts as plasticizer.

• Metal Oxide Nanoparticles: Increase flame temperature and stability.

• HPMC: Provides best homogeneity and lowest residue.
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Gel vs LPG Emissions

CO ~110 ppm 5.13 ppm ↓

NOx ~20 ppm 0.79 ppm ↓

CO₂ High 0.25% Lower

SOₓ Present None Zero

Soot Present None Zero
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Monthly Household Cooking Cost (₹)

Component CV (MJ/kg) Required Mass / 
Month

Stove 
Efficiency

LPG 46.4 14.20 kg 68%

Gel Ethanol 23.0 28.65 kg 68%

30% price premium over LPG, making the technology highly competitive when factoring in 
zero explosion risks, localized agricultural economic growth, and drastically reduced 
indoor carbon monoxide emissions
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Infrared Cook Stove (ICS) is a novel cooking device that improves 
burner efficiency while reducing fuel consumption, cooking time, as well as 

hazardous pollutants like CO, NOx, and smoke.  

Infrared Cook Stove 

15% higher efficiency than the existing counterparts

Uses heat recirculation technology

Cook faster, Fuel saving with less emissions

Compatible for both methanol and ethanol and other 
low calorific value fuels)

CO: 1-10 ppm, NOx: <1 ppm (Well below the WHO 
permitted limit) 
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S. Panigrahy and S. C. Mishra (2016), International Journal of Heat and Mass Transfer, 95, 488-
498
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ICS Setup
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• Alcohol-based gel fuels were successfully developed and characterised.

• Gel ethanol retains ~85% of pure ethanol's calorific value (~23 MJ/kg).

• Nanoparticle-enhanced formulations improved thermal performance.

• ICS is15% higher efficient than conventional counterparts.

The Value Proposition:

• Monthly Cost: ₹1,230 (vs ₹942 for LPG).

• High flash point compared to liquid ethanol.

Key Takeaways:

• Gel ethanol is safer, cleaner, and renewable.

• It solves the LPG problems: import dependency, price volatility, safety hazards.

• It improves upon pure ethanol: spill-proof, controlled evaporation, easier handling.

• Cost can be reduced by implementing ICS technology for ethanol gel.

Conclusion:
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Thank you
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