


Green Chemistry

= =sustainable chemistry

= design of chemical products and processes that reduce or eliminate the use or
generation of hazardous substances and waste

= environment friendly

= cost-effective

" renewable plant resources

= alternative solvents

= reduction of energy consumption



Green Chemistry Principles

Green chemistry principles

1. Prevent waste

2. Maximize atom economy ( \
( Old Practices \ raclice

3. Design less hazardous chemical synthesis

» Care about potential
 Use of toxic reagents 4. Design safer chemicals and products hazardous compounds
and reagent

« Multistep procedures 5. Use safer solvents and reaction conditions
= * One step procedures
6. Increase energy efficiency

* No energy, no reagents

GOnBUMESCOFSIcambons 7. Use renewable feedstock * Energy, and reagent

consumes evaluation
* Accumulation of waste 8. Avoid chemical derivatives

for external treatment * Reduction of waste
k J 9. Use of catalyst \ j

10. Design for degradation

11. Analysis in real time to prevent pollution

12. Minimize the potential accidents




Sustainable Processes

= Social sustainability = the ability of a social system to function with a level of

well-being

= Environmental sustainability = the ability of the environment to provide a level
of environmental quality and to assure that no species becomes endangered or

even extinct

= Economic sustainability = the ability of an economy to assure a defined level of

economic production



Pillars of sustainability
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Green Extraction Principles

" |nnovation by selection and use of varieties of renewable plant resources

= Use of alternative solvents, principally water or bio-based solvents

= Reduction in energy consumption by energy recovery, using innovative
technologies

= Manufacture of coproducts instead of waste to include the bio- and agro-refining
industries

= Reduction in unit operations, favoring safe, robust, and controlled processes

= Aiming for a non-demand and biodegradable extract without contaminants



Green Extraction

N

Classical Today's
Yield of extraction . Rsiqgﬁon of solvent used
Type of metabolites | Reduction of unit operations
Selectivity ~ Reduction of extraction time

Fbguction in energy uged

| Use of renewable plant resources

Security and safety




Innovation by Selection of Varieties and Use of
Renewable Plant Resources

= Proper selection of feedstock biomass

" Breeding

= Seed production/Vegetative propagation
= Crop rotation

= Choice of cultivation location

= Fertilization

= Organic farming

= Diseases and pests



Use of Alternative Solvents and Agro Solvents

= Chemically inert, nonflammable, temperature stable, and of low or negligible

corrosiveness

= HSE (health, safety, environment)

= Bio-sourced/bio-based solvents are not necessarily ,,green”



High basioity

Iy

Low banicity

Physical properties of solvents
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Alternative green solvents - criteria

Availability Biodegradability

7/ /

Low price High performance

Recyclability Stability

/

Technical grade Flammability

4 4

Easy synthesis Safe storage

Low toxicity Renewability

0 I .




Alternative green solvents

= Subcritical water

= Supercritical fluids

" Bio-based solvents

= Surfactant-based solvents

=  Deep eutectic solvents

= |onic liquids



https://doi.org/10.1016/j.greeac.2022.100007

Alternative green solvents
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TEMPERATURE 1 SOLUTIONS SOLVENTS
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SUBCRITICAL | | SUPERCRITICAL BIO-BASED IONIC DEEP EUTECTIC
SOLVENTS FLUIDS SOLVENTS LIQuIDS SOLVENTS

SUBCRITICAL
WATER

SUPERCRITICAL CO; EXPANDED
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(Less contaminant solvent ) rNon toxic i Simple system i
Easily volatilized Reduced costs
High pressure and temperature : Reduction of solvents
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High cost equipment Low polarity
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Production of Coproducts Instead of Waste

= An effort to use as much as possible

=  Coproduct = product manufactured along with a different product, in a process in

which both are required in the production of another product

= By-product = output other than the principal product(s) of an industrial process;

usually an undesirable product of low value

= (see Citrus example)



Prioritizing a Non-denatured and Biodegradable
Extract without Contaminants

= Resulting safe extract

= Without residual solvents
=  Without contaminants from raw material

=  Without denatured compounds due to drastic extraction conditions (= artifacts of

separation procedure)



Terpenoids

Carotenoids

Alkaloids
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