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Application of Green Chemistry Metrics and Process Intensification Technologies in
Sustainable Biodiesel Production

Ehsan Sarlaki'”, Alimashalah Kermani®, Mohammad Hossein Kianmehr", Iman Marzban'

'"Ph.D. Student of Mechanical Engineering of Biosystems, Department of Agrotechnology, College of Abouraihan,
University of Tehran, Tehran, Iran.
"Assistant Professor and Professor respectively, Department of Agrotechnology, College of Abouraihan, University of
Tehran, Tehran, Iran.

Abstract

Biodiesel production and utilization may provide a sustainable route to reduce environmental pollution caused by fossil fuel
consumption. In order to minimize environmental impacts of biodiesel production, the chemical process should be optimized
to decrease waste generation and energy consumption. Therefore, biodiesel chemical reactions and processes design using
green chemistry principles in order to develop sustainable chemical processes is paramount sicnificant. Green chemistry
principles can be used to design chemical products and processes that reduce or eliminate the use and generation of hazardous
substances. The most commonly used method in biodiesel production is transesterification of plant based and waste oil-based
feedstock. However, the transesterification chemical reaction for completion required to excess reactants. The biodiesel
reaction efficiency can be improved by incorporating the green chemistry principles and process intensification effects.
Process intensification technologies for biodiesel production such as microwave and ultrasound can improve the reaction
efficiency due to higher product recovery, low by-product formation, and reduced energy consumption. In addition, utilization
of green chemistry metrics such as E-factor, atom economy (utilization), mass intensity or mass productivity, and reaction
mass efficiency can help design safer and highly efficient biodiesel production. Evaluation of these green metrics indicates
that methanol is a better alternative for biodiesel production as well as could be provided from renewable sources.
Sustainability indicator used for biodiesel production also can be applied to various biofuels and other chemical reaction
designs, synthesis and process development.

Keywords: Green chemistry, Biodiesel, Microwaves, Ultrasound, Atom economy, E-factor, Process intensification.
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