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Abstract

Solvent extraction is a widely used technology in edible oil industries for efficient recovery of oil from
oil-bearing materials such as soybean, sunflower, rapeseed, groundnut, and cottonseed. The process
primarily relies on food-grade hexane, which poses environmental, safety, and economic challenges due
to its volatility and flammability. Solvent recovery thus becomes a critical step in minimizing losses,
ensuring economic viability, and meeting regulatory standards. This paper reviews existing and emerging
solvent recovery methods, evaluates their performance in terms of recovery efficiency, energy
consumption, safety, and cost-effectiveness, and proposes future directions for sustainable practices in
edible oil industries.
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1. Introduction

Edible oil demand is increasing globally, and solvent extraction remains the most efficient industrial
method for processing high-volume oilseeds. Approximately 0.25-0.35 kg of solvent is lost per ton of
seed processed, leading to significant operational costs and environmental concerns. Effective solvent
recovery not only reduces hexane consumption but also contributes to workplace safety, product purity,
and compliance with environmental norms.

This paper aims to:

e Review solvent recovery methods currently employed in the edible oil industry.

e Compare conventional and modern techniques in terms of recovery efficiency and cost.

o Explore opportunities for process intensification and sustainability.

2. Overview of Solvent Extraction Process

In a typical 1000 TPD solvent extraction plant, the following stages occur:

Preparation of seeds — cleaning, cracking, flaking.

Extraction — counter-current solvent percolation.

Desolventizing-toasting (DT) — removal of solvent from meal.

Solvent recovery — distillation, evaporation, and condensation.

Condensate treatment — separation of solvent and water.

Solvent recovery is primarily associated with stages 3—5, where hexane vapors are separated and
condensed for reuse.
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3. Solvent Recovery Methods

3.1 Distillation and Evaporation

e Principle: Separation of miscella (oil + solvent) using staged evaporation and distillation under
vacuum.

« Efficiency: >98% solvent recovery.

o Limitations: High energy consumption, requirement for vacuum pumps, thermal stress on oil.

3.2 Condensation and Absorption

o Condensers: Shell-and-tube or plate condensers are used to liquefy solvent vapors from DT and
evaporators.

o Absorption Systems: Use mineral oil or vegetable oil as absorbents to capture solvent traces.

e Pros: Simple design, robust.

o Cons: Lower efficiency at high vapor loads, solvent loss in exhaust.

3.3 Stripping and Steam Injection

e Steam is directly injected into meal and miscella to strip solvent.

o Effective in reducing residual solvent levels to <500 ppm.

o Drawback: Requires large desolventizer-toasters, adds moisture to meal.

3.4 Membrane Separation

o Ultrafiltration/Nanofiltration: Potential use in separating hexane-oil mixtures.

e Advantages: Low thermal stress, energy efficient.

o Challenges: Solvent compatibility with membranes, scalability issues.

3.5 Adsorption Techniques

e Activated carbon, zeolites, and polymeric resins used to adsorb solvent traces.

o Particularly useful for VOC (volatile organic compound) capture in exhaust gases.

o Still under research for full-scale edible oil application.

3.6 Cryogenic Recovery

Cooling vapors below dew point using liquid nitrogen or advanced refrigeration.

High efficiency (>99%), but costly.

Best suited for solvent recovery in stringent environmental regulation zones.

4. Comparative Evaluation

R E I trial
Method ecovery nerey Cost  \ndustria Suitability
Efficiency Demand Maturity
Distillation/Evap.  98-99% High Moderate Commercial Standard
Meal iscell
Condensation 90-95% Moderate Low Commercial cal & miscella
vapors
Stripping/Steam 95-98% Moderate Moderate Commercial Meal desolventizing
Memb
e re'me 85-95% Low High Pilot stage Miscella treatment
Separation
Adsorption 90-97% Low Moderate Emerging Exhaust vapors
Cryogenic Recovery >99% Very High High Niche VOC control
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5. Environmental, Safety, and Regulatory Aspects

o Hexane is classified as a volatile organic compound (VOC) with occupational exposure limits.

e Indian regulations (CPCB) and global frameworks (OSHA, EU VOC Directive) mandate strict control
on emissions.

e Solvent recovery directly impacts carbon footprint reduction, explosion safety, and worker health.

6. Future Directions

o Hybrid technologies: Combining distillation with adsorption or membranes for improved efficiency.

o Process intensification: Integration of energy recovery systems (heat integration, pinch analysis).

e Green solvents: Exploration of bio-based solvents such as ethanol or isopropanol, though
compatibility challenges remain.

» Digitalization & AI: Real-time monitoring and optimization of solvent recovery using SCADA and
predictive control systems.

7. Conclusion

Solvent recovery is central to the economic, environmental, and safety performance of edible oil solvent
extraction plants. Distillation and condensation remain the industrial workhorses, but modern approaches
like membranes, adsorption, and cryogenic recovery are emerging as sustainable alternatives. A
combination of established and innovative technologies, tailored to plant capacity and regulatory context,
is essential for the next generation of solvent extraction industries.
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