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Solvants Alternatifs : Simulation par ab-initio utilisant Cosmos-RS 

Procédés : Innovantion & Outils d’aide à la décision 

Fonctionnalisation des extraits : Hémi-synthèse, encapsulation...  









Innovative    Techniques 
Alternative    Solvents 



Extraction Process 
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Extraction mechanism 
Of primary and secondary metabolites 

Essential oils,colors, antioxydants, principes actifs… 
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Extraction parameters 
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Extraction Techniques 



Solvent extraction 

Obtention d’extraits végétaux ou de macérats  



Distillation dans un atelier indien 

Distillation de pétales de roses à Grasse 



Why GREEN EXTRACTION 

ECO -  EXTRACTION 

ECONOMIC ECOLOGIC 



Extraction of Natural Products :   
Industry Problems 

Extraction time : hours or days  

Energy cost 

Extraction by batch 

Problems of degradation 

Use of « bio » solvants – Green chemistry 

Reduction of waste: solid and liquid 

Need of new products 

Ask from Industry : Rapid, Cold extraction, without solvent,  
without water to eliminate wastes, continuous process, and  

competitif in price and quality. 



Green Extraction of Natural Products 

Concept and Principles 

“Green Extraction is based on the 
discovery and design of extraction 
processes which will reduce energy 

consumption, allows use of 
alternative solvents and renewable 
natural products, and ensure a safe 
and high quality extract/product”. 
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Principles of Green Extraction 



1. Prevent Waste 
2. Maximize Atom Economy 
3. Design less Hazardous Chemical Syntheses 
4. Design safer Chemicals and Products 
5. Use safer Solvents and Reaction conditions 
6. Increase Energy Efficiency 
7. Use Renewable Feedstocks 
8. Avoid Chemical Derivatives 
9. Use Catalysts, not Stoichiometric Reagents 
10. Design Chemicals and Products that 
Degrade 
11. Analyze in Real time to Prevent Pollution 
12. Minimize the Potential for Accidents 
	
  
* Anastas,	
  Paul	
  T.;	
  Warner,	
  John	
  C.	
  Green	
  Chemistry	
  
Theory	
  and	
  Prac3ce;	
  Oxford	
  University	
  Press:	
  New	
  
York,	
  1998	
  
 
 
 

12 Principles of Green 
Chemistry  

1. Inherent Rather Than Circumstantial 
2. Prevention Instead of Treatment 
3. Design for economize Separation processes 
4. Maximize Efficiency 
5. Output-Pulled Versus Input-Pushed 
6. Conserve Complexity 
7. Durability Rather Than Immortality 
8. Meet Need, Minimize Excess  
9. Minimize Material Diversity  
10. Integrate Material and Energy Flows  
11. Design for Commercial "Afterlife“ 
12. Renewable Rather Than Depleting 
	
  
	
  
* Anastas,	
   P.T.,	
   and	
   Zimmerman,	
   J.B.,	
   "Design	
  
through	
   the	
   Twelve	
   Principles	
   of	
   Green	
  
Engineering“.	
  
 
 
 

12 Principles of Green 
Engineering  



12 Principles of Green 
Chemistry 

12 Principles of Green 
Engineering 

6 Principles of Green 
Extraction 



Renewable 

Plant 

Principle 1: Innovation by the selection of varieties and 
the use of renewable plant resources. 
	
  

	
   	
   	
   	
  
Ecorce	
  d’if	
  

(Taxus	
  brevifolia)	
  
Paclitaxel	
  ou	
  Taxol®	
  

	
   	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
   	
  
Aiguilles	
  d’if	
  

(Taxus	
  baccata)	
  

Docétaxel	
  ou	
  Taxotère®	
  10-­‐désacétylbaccatine	
  III	
  



Varietal selection 

Plant 

	
  	
  	
  	
  	
   	
  

Artemisinin, 
Artemisia Annua L. 
Malaria 

 0.01% ! >1% 



Plant 
INNOVATION 

Plant milking 
technology 



Energy 

Principle	
   2	
   : Reduce	
   energy	
   consump/on	
   by	
   using	
  
innova/ve	
  technologies	
  and	
  favour	
  energy	
  recovery	
  

Optimisation of 
existing technologies  

Alambics	
  under	
  5	
  bars	
  pressure	
  
5000	
  Litres	
  (Tournaire	
  SA) 



Energy 

Energy Recovery 

Eco-VAPORATEUR  -  CRIEPPAM 
(Centre Régionalisé Interprofessionnel d’Expérimentation en 

Plantes à Parfum, Aromatiques et Médicinales) 



Energy 
Innovation 

Pulsed electric field 
 

COLD EXTRACTION 
 

Microwave Hydrodiffusion and Gravity  
Under reduced pressure  

 



Solvent 

Principe	
   3	
   :	
  Use	
   alterna/ve	
   solvents	
   and	
   principally	
   those	
  
from	
  agricultural	
  resources.	
  



Solvent free 
extraction 

Green solvent 

Supercritical fluid 

Natural solvent 

Eco-solvent 

Petroleum sourced 
volatile organic solvent 

Solvent 



Process 
One 
step 

Simple 
& 

control 

Suitable for 
by-products 

Efficient 
& 

Effective 

Secure 
& 

Hazard free 

Principle	
   4	
   :	
   Reduce	
   unit	
   opera/ons	
   through	
   technical	
  
innova/on	
  and	
  favour	
  safe,	
  robust	
  and	
  controlled	
  processes	
  



Process 



By-product 

Principe	
   5	
   :	
   Produc/on	
   of	
   by-­‐products	
   instead	
   of	
   waste	
   to	
  
include	
  the	
  bio-­‐	
  or	
  agro-­‐refining	
  industry.	
  	
  

• Defini[on	
  of	
  waste:	
  	
  
“Generally,	
  waste	
  is	
  any	
  material	
  that	
  an	
  industrial	
  producer	
  wants	
  to	
  get	
  rid	
  
of	
  or	
  eliminate	
  (waste	
  disposal	
  centre,	
  incinera/on,	
  landfill,	
  etc.)”, 
• Definition of by-product:  
“A by-product is a residual product that appears during the manufacture  
or distribution of a finished product. It is unintentional and unpredictable,  
and is accidental. It can be used directly or be an ingredient in another 
production process to manufacture another finished product”, 
• Definition of co-product:   
“A co-product is a material, intentional and inevitable, created during a single 
manufacturing process and at the same time as the main product.  
The main final product and the co-product must always meet specifications 
for their characteristics, and each may be used directly for a particular 
application.” Co-products also have economic value: a specific market 
for it, a pricing, etc. 
Examples of food industry co-products: oil cakes (rape, sunflower, flax),  
spent cereal grain (wheat, barley), beet pulp, potato fibre and proteins, etc. 



By-product 
 

Bio-raffinery 
Concept  

 



By-product 
 

Bio-raffinery 
Concept  

 



Product 

Principle	
   6	
   :	
   Aim	
   for	
   a	
   non-­‐denatured	
   and	
   bio-­‐degradable	
  
extract	
  without	
  contaminants	
  with	
  “green”	
  values.	
  



Life Cycle Analysis 

Recommandations 



•     Turbo-extraction 
•     Ultrasound assisted extraction (UAE)  
•     Accelerated solvent extraction (ASE) 
•     Microwave assisted extraction  (MAE) 
•     Pulse electric field (PEF) 
•     Instantaneous decompression (DIC) 
•     Extrusion, induction… 

•     Solvent Free 
•     Water (normal, subcritical, emulsions) 
•     CO2, HFC, other gaz  
•     Vegetable oils 
•    Byproducts as terpenes (limonene..) 
•     Byproducts (glycérol…) 
•     Ionic liquids 

TOOLS 

Alternative solvents Innovative techniques 



Microwave Assisted Extraction 
Solvent free et energy less 

17 



+- +-

+
-
+

-

+
-
+

-

+- +-

Absence de champ
électrique

+

- - - - - -

+++++

+
-
+
- +
-
+
-

+
-
+
-

+
-
+
-

Application d’un champ
électrique continu

+- +-

+
-
+

-+- +-

+
-
+

-

Application d’un champ
électrique haute fréquence

+- +-

+
-
+

-

+
-
+

-

+- +- +- +-

Absence de champ
électrique

+

- - - - - -

+++++

+
-
+
- +
-
+
-

+
-
+
-

+
-
+
-
+
-
+
-

Application d’un champ
électrique continu

+- +-

+
-
+

-+- +-

+
-
+

-

+- +-

+
-
+

-
+

-
+

-

Application d’un champ
électrique haute fréquence

Énergie 
électrique Chaleur Énergie 

cinétique 

Rotation dipolaire Friction interne 
Chocs moléculaires 

Échelle microscopique 
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Constante diélectrique ou permittivité ε' 
Elle caractérise la facilité avec laquelle une molécule se laisse polariser 
par un champ électrique, c'est à dire sa polarisabilité. 
 
Perte diélectrique ε'' 
Elle mesure la capacité de conversion de la radiation électromagnétique 
en chaleur. En général, la valeur de ε'' passe par un maximum lorsque 
la permittivité ε' tend à diminuer 
  
Facteur de dissipation  (tangente de pertes électrique)  tg δ	


La capacité d'un matériau à convertir l'énergie électromagnétique en 
chaleur à une température et une fréquence données est souvent 
représentée par l'angle de perte: 
 

    tg δ = ε'' / ε‘ 
 

 ε' : permittivité du milieu (F.m-1) 
 ε'' :  perte diélectrique (F.m-1) 

H

O

Hµ

-
δ

δ
+ δ

+Propriétés diélectriques 
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Four à micro-ondes industriels 
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1600 80 Water 

1 2 Olive oil or solvent 
(hexane) 

Dissipation factor 
tan δ (x104) 

Constante diélectique 
F/m 

Solvent 

Basil or  Garlic 

Olive oil 

Tc  = 99°C T = 25°C Tc  

Microwave : Selective heating 



Aromatisation of olive oil 

Huile d’olive + ail 
25 euros /L 

Huile d’olive  + Basilic 
25 euros/L 

Basilic 

Huile d’olive 

Tc  = 99°C T = 25°C Tc  

Olive oil: 2 – 3 euros / litre 
Aromatised oilive oil: 20 – 30 euros /litre 





1

2
3

1. Solubilisation-Desorption
2. Internal diffusion
3. External diffusion

Microwave heating

heat transfer

mass transfer

Conventional heating

heat transfer

mass transfer

1

2
3

1. Solubilisation-Desorption
2. Internal diffusion
3. External diffusion

Microwave heating

heat transfer

mass transfer

Conventional heating

heat transfer

mass transfer

Conventional heating

heat transfer

mass transfer

Microwave : no need of transfer medium 

. . . . . . 

Hydro-distillation :  1 kg of roses + 10 litres of water 
 
Microwave Dry Distillation : 1 kg of roses  



Dry Dist : Microwave dry Distillation 
Patents EP et USP 2004 by Chemat et al.  

25 1-5 litres 

Dry DIST

Cooler

Essential oil

Aqueous phase

Reactor

Plant material

Cohobation system

Dry DISTDry DIST

Cooler

Essential oil

Aqueous phase

Reactor

Plant material

Cohobation system
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MW 



Modèle industriel 10-100 litres 
ARCHIMEX 







Microwave Hydrodiffusion and Gravity 
Extraction des arômes, huiles essentielles, antioxydants, colorants… 

30 
F. Chemat et coll., European Patent 07100935.1, 2008 



MHG : Industrial Version 



An innovative grape juice enriched in polyphenols 
by microwave-assisted extraction 

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

Fresh	
  grape	
  

Hydraulic	
  press	
  

Natural	
  grape	
  juice	
  
Grape	
  by-­‐product	
  

MHG	
  	
  

Enriched	
  grape	
  juice	
  



Valorisation of of food by products (lettuce) 
using microwave energy  

System Control

Optic fiber

Camera
Infra red sensor

Extracted juice

Cooling system

Plant material

Reactor

Microwave 
oven

OutputCamera 
screen



Ultrasound Assisted Extraction  
Cold extraction and enhanced mass transfer 

34 



k   Applications of US in Food Industry 

Mechanical Effects  
  

Crystallisation of fats and sugars 

Degassing 

Destruction of foams 

Extraction of flavourings 

Ultrasonic cutting 

Chemical and Biochemical Effects  

 

Accelerated oxidation and aging 

Alteration of enzyme activity  

bactericidal action  

Modification of growth of living cells 

Sterilisation of equipment 
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k   Ultrasound Food Cutting 

BENEFIT OF US CUTTING
• The quality of the cut face is visually 

excellent
• The product is virtually undisturbed
• Ultrasonic cutting can be easily 

automated
• US cutting speeds are similar to 

conventional cutting speeds
• Crumb and debris (product loss) are 

reduced
• Blade is self-cleaning
• Multi-layered products cut easily

FISH

36 

US in Food Processing 



k   US cavitation : High Power Ultrasound 
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k   Heterogeneous S-L : cavitation 
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US extraction of active compounds directly in edible oil 

Mixing  beta carotene powder with edible oil 

Solvent extraction of dried 
carrots using Hexane Evaporation of solvent 

a b c da b c d

oil : 2 – 3 euros / litre 
 

Organic Carrot oil  
200 – 300 euros /litre 



REUS 
Ultrasound reactors 

 3 to 500 litres 



k   US accelerated maceration/extraction in industry 

41 



International Workshop on  
 

"Alternative Solvents for Extraction, Purification and Formulation" 
  

University of Avignon, Thursday 4 June 2015 
 

http://blogs.univ-avignon.fr/international-workshop-on-alternative-solvent/ 
 

Contact:  farid.chemat@univ-avignon.fr 


