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Biomass, the raw material for the chemical industry of the future: 

  The irresistible revolution 

Is that something really new or is simply the return to the past? 





The Nobel Prize in Chemistry 1961 
Melvin Calvin 
Prize motivation: 
"for his research on the carbon dioxide 
assimilation in plants" 

MELVIN CALVIN 
 
“Green Factory” 
 
Chem. Eng. News, 1978, 56 (12), pp 30–36 
 
Publication Date: March 1978 



There are not significant reserves of fossil fuels,  

there are few water reserves, few resident people, 

large extension  of marginal lands. Therefore there 

is a potential large  availability of land for crops to 

be dedicate for chemicals. 



Perspectives on the exploitation of the oils extracted 

from plants as a source of raw materials for the 

chemical industry: the Euphorbie of Sardinia 



"Annual Changes in the Composition of the Unsaponifiable Oil of E.characias", 

Conti L., Marchetti M., Soccolini F., Usai M., Phytochemistry 1990, 29, 77.  

“Whole-Plant Oils from Two ”Euphorbia Species Growing in Sardinia (Italy)", 

Botteghi C., Conti L., Marchetti M., Usai M., Phytochemistry 1988, 27, 791.  

Euphorbia lathyris 

Euphorbia characias 

Euphorbia dendroides 

Euphorbia cupanii 



Also the Phenols Production through Depolymerization of Lignin with 

Alkali Metals was attempt: 

 

 

IATCAPA – CNR -  G. Delogu, G. Melloni, 1985 

B. Vodret – Laurea Thesis 



Bio-oils from arid land plants: Flash pyrolysis of Euphorbia characias 

bagasse  

 

L. Conti, G. Scano, J. Boufala 

  

Dipartimento di Chimica, Università di Sassari 

Biomass and Bioenergy 01/1994;  

  

The devolatilization of the bagasse obtained by solvent extraction of dried Euphorbia 

characias, a bushy plant growing in arid land of the Mediterranean area, was 

investigated under rapid heating conditions at atmospheric pressure using a bench-

scale fluidized bed pyrolyser.  

  

The characteristics of oils fall in the range of oils derived from other biomass 

feedstocks. 

  

Chars have a high HHV (15.36 MJ kg−1 at 500°C), representing a valuable fuel. 

http://www.researchgate.net/journal/0961-9534_Biomass_and_Bioenergy


 

 

THE IDEA WAS LOSER AT THAT HISTORIC TIME  

 

 

Because there was little availability of chemicals  derived from plants 

with the  useful characteristics for the use of the existing technology at 

that time 

 

 

Our attempts to liquefy the biomass by thermal and catalytic processes 

for petrochemicals use has been failure 

 

 

 

The low cost of fossil raw materials and their relatively high availability 

convinced us that vegetable petroleum was not convenient.  



The research of chemicals from plants have been from then until now 

an important part of research of the IATCAPA-CNR and ICB-CNR of 

Sassari. We have been studied numerous wild and cultivated species, 

vegetating in Sardinia, with particular care to endemic plants. 

 

 

 

The goal was different: searching elaborate products and identify their 

chemist potential 

 

 

 

We started to compounds to be used as medicines and cosmetics, 

products to dye  textile, and  chemicals to be used as essences and 

aromas; but also compounds to be used as substrates for chemical 

reactions, in particular substrates for catalytic reactions so that, we 

can used green chemistry principles to obtain useful chemicals from 

natural sources 



Many phytochemical studies 
have been carried out on 
Sardinian plants to reach 

chemicals 



Very strong antibacteric activity 

due to  its phenolic contents, good 

quantities of Thymol and/or 

Carvacrol 

Tempi di contatto del Thymus capitatus
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SALVIA DESOLEANA 
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In the essential oil is 

present a high amount of 

Terpenil acetate which is 

used in perfumery for low 

cost fragrances and 

preferred in compounds 

for soaps & detergents. 



Typical Sardinian Citrus fruits  
called Pompia 

Good content of citral with a maximum of 

6.8% in December and is very evident the 

predominance of geranial on neral.  

Limonene is around 87% and didn’t showed big 

variability during the analysed fructification time. 
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Many of the Chemicals characterized and isolated from 

the plants have been used as such, but often they are 

potential substrates for the chemical industry. 



Several years ago we synthetised a nanostructured biocatalyst, based 

on a complex between human seroalbumin and Rodium, this catalyst is 

very effective in biphasic catalysis in water, where the recovery of 

reaction products is very simple. We used this system extensively in the 

transformation of natural products deriving from plants 

Some examples: 

Helional®, is a fragrance used in many perfumes and presents a green, 

 floral (cyclamen) odor profile with top notes of marine fresh, we prepared 

this compound from Heliotropine which occurs naturally in a range of 

botanicals 



Many characterized essential oil coming from sardinian Plants was 

submitted to a catalytic aqueous biphasic hydroformylation reaction 

carried out for 24 h in the presence of rhodium/human serum 

albumine  complex. This method guarantee that the modified 

essential oil recovered (by simple decantation) do not containing 

either any trace of catalyst (no trace were reveled by AA) and any 

other contaminant because no solvents have been used during the 

chemical modification.  At the end of the reaction the recovered oil 

has been again characterized.  

GREEN CHEMISTRY MODIFICATION OF ESSENTIAL OILS 



Terpenes and phenols are very appreciable materials to be used as 

substrates, because they are abundant in plants and often we can 

reach interesting chemical structures using catalytic methods, for 

example useful aldehydes intermediates from essential oils 
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Synergistic manipulations of plant and insect defences 

 

 

 

•Istituto CNR di Chimica Biomolecolare, Sassari – Dr. Giovanna Delogu 
• Vestergaard Frandsen SA, Lausanne, Switzerland – Dr. Georgina Bingham 
•Plant Protection Dept. Ankara University, Ankara, Turkey – prof. Oktay Gurkan 
•ApresLabs Ltd, Research and Innovation Campus – Rothamsted, Harpenden, Herts, UK 
– Dr. Graham Moores 

Pest. Manag. Sci. 2014, 70, 566-571 

Plant secondary metabolism plays an important role in plant–
insect interactions and in the further protection of plants 
from herbivores. 



cis-jasmone:  intricate effects on interactions between pest insects and crop 
plants. 
It acts as an external signal, alerting recipient plants when their neighbours are 
being damaged by phytophagous insects, thereby enabling them to prepare 
their own defences prior to insect attack. 

temporal synergism can result in hypersensitive insect pests due to the 
inhibition of metabolic enzymes                  cis-jasmone + synergist 
(piperonyl butoxide PBO) 

cis-jasmone microencapsulated with βCD + synergist 
(piperonyl butoxide PBO) 

Pest. Manag. Sci. 2014, 70, 566-571 

New integrated crop management (ICM) strategy which involves a 
unique approach, targeting specific defensive processes in both 

plants and insects 

Plant defence metabolism can be enhanced by 
volatile elicitors 



O If a crop expresses a xenobiotic, this 
concept could be an exciting, insecticide-
free method of controlling insect pests, with 
the substantial benefit of utilizing two key 
aspects: economic and environmental 
sustainability. 



Journal of  Agricultural and Food Chemistry 2014, 62, 4969-4978 

Toxin biosynthesis inhibition was observed for several compounds that account for 
most of the secondary metabolites of plants with a range of concentration between 
0.5 mM and 0.25 mM 



Chemical boxes 

(New formulations 

based on cyclodextrin, 

calyxarens, polyurea, 

for non-traditional  

delivery) 

SCALE UP 

Green Technologies 

new chemicals derived 

by renewable sources 

Elicitors, synergist  

and natural 

insecticide 

New chemicals 

processes based 

on enzymatic 

and microbial 

GREEN 

CHEMISTRY 

INNOVATION SUSTAINABLE 

CHEMISTRY 

NEW 

CHEMICAL 

INDUSTRY 

 

BIOTECHNOLOGIES 

SLOW RELEASE 



Back to the Future 

In the last years, came back to the old idea of vegetable 

petroleum, but this time many things are changed and the 

biotechnologies are very much evolutes. 

 

 

 

 

 

 

The new trend is the third generation's Biorefineries 



The challenge 

Organic industrial production  

from renewable resources (biomass) 



The new Company Matrìca is installing in Sardinia new chemical 

plants with the aim to realize a big green chemistry pole. 



They have chosen Cynara cardunculus var. altilis L. as plant  to get the 

renewable feedstock for the industry; It will be source of oil, cellulose 

and lignin for the biorefinery of Porto Torres (Sardinia, Italy) 

Cynara cardunculus L. 

Cynara cardunculus ssp. cardunculus.  

http://it.wikipedia.org/wiki/Cynara_cardunculus
http://it.wikipedia.org/wiki/L.


POTENTIAL USE OF THISTLE GROWN IN SARDINIA 

The raw materials for the Biorefinery from the thistle: 

SEEDS 

 

Seed oil; 

 

proteins. 

 

BIOMASS 

 

cellulose; 

 

lignin; 

 

   

 

 

products for Fine Chemicals and Pharmaceuticals. 

secundary methabolites; 



CNR is involved in the project through the Cluster program on Green 

Chemistry, in particular in the research topic: “3rd generation 

biorefinery integrated in the territory (BIT3G)”, with particular interest 

about product for fine chemicals. 

 

 

Characterization of the metabolic profiles of fractions of metabolites. 

 

Antioxidant activity of fractions. 

 

Characterization of metabolites of interest to synthetic compounds.  

 

Transformation of oleic acid to be applied for high value compounds. 



Thanks all 
of you for 
yours kind 
patience 


