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Plastics are expected to substitute wood, glass and

other heavy materials while displaying good

mechanical and thermal properties, stability and

durability, when they are not designed for short-term

applications such as packaging.

➢ Broad variety of monomers available from petrol-

chemistry

➢ combined through various chemical routes

➢ structural design that meets specific technological

demands

The success of fossil-based plastics







Crude fossil oil

Naphtha

Light fuel/diesel oil

Oil cokeNatural gas liquids
(methane, ethane, propane)

Methanol

Butane/butenes

EthylenePropyleneBenzene, toluene, xylenese

Jet fuel

Heavy fuel oil

The chemical industry relies on six basic chemicals 

The building blocks of fossil based chemistry

Koutinas AA, Vlysidis A, Pleissner D, Kopsahelis N, Garcia IL, Kookos IK, et al. Chem. Soc. Rev. 2014, 43, 2587–627.

~6-8% of the fossil 

oil is used for 

polymers/plastics
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Il polipropilene isotattico ad alta cristallinità ha come caratteristiche principali:

rigidità, lucentezza, buona resistenza al calore anche oltre i 100 °C (p.f. 165 °C),

alta resistenza agli agenti chimici.

Giulio Natta

Il 10 dicembre del 1963 Natta venne insignito del Premio 
Nobel per la chimica, insieme a Karl Ziegler, per i suoi studi 
sulla sintesi di polimeri stereospecifici lineari ottenuti 
utilizzando catalizzatori organometallici. 

Propilene 
Giulio Natta e il polipropilene



iniziazione

propagazione

termine

Le poliolefine sono ottenute per polimerizzazione radicalica: 
non biodegradabili

Giulio Natta



Glicolide etilenico, Poliestere, Fenile carbonato, Bisfenolo A, Lexan

Poliestere: (PET)

La sintesi del legame estereo è una 
reazione reversibile e può essere 
idrolizzato in presenza di catalizzatori 
acidi. Inoltre esistono numerosi enzimi in 
natura che catalizzano la sua idrolisi ma 
non tutte le strutture chimiche dei 
poliesteri sintetici vengono riconosciute e 
degradate dagli enzimi naturali.

Poliammide: (Nylon)

La formazione del legame ammidico è una 
reazione irreversibile. Per quanto in 
natura esistano le proteasi che idrolizzano 
il legame ammidico delle proteine, tali 
enzimi non riconoscono le strutture delle 
comuni poliammidi

Poliesteri e poliammidi sono sintetizzati per policondensazione (a stadi)
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Ma cosa veniva usato prima 
dell’avvento della plastica?



Polimeri precedenti alle plastiche fossili:

Biopolimeri

Macromolecole biologiche biosintetizzate



La lignina: biopolimero biodegradabile solo mediante enzimi ossidativi 
detti laccasi (reazione radicalica)

Difficile da sfruttare per produzione di fibre e polimeri



Cellulosa: polisaccaride 
biodegradabile grazie ad 
enzimi idrolitici (cellulolitici)

Fibre del cotone

Proteine: biodegradabili 
attraverso l’azione di 
enzimi idrolitici (proteasi)

a-caseina



Costruita tra il 1937 e il 1942, legata ad 
una grande azienda italiana, la SNIA 
Viscosa che all’epoca si dedicava 
soprattutto alla produzione di fibre 
artificiali ricavate dalla cellulosa

Torviscosa e la cellulosa della Arundo donax

Pubblicato da Simona Politini in Il Patrimonio in Italia, Villaggi operai aprile 10, 2014

Conversione della cellulosa in viscosa

Michelangelo Antonioni

https://it.wikipedia.org/wiki/File:Xanthogenate_Cellulose_Structural_Formula_V1.svg


LANITAL

1935, fibra autarchica 

tratta dalla caseina

. 

Galalith: 
Caseina + formaldehyde

a-caseina

Polimeri derivati dalla 

caseina



Qmilk



Silk: a protein
natural protein composed of a pattern of amino acids in a secondary protein 
structure. The secondary structure of silk is the beta pleated sheet. 

The primary structure of silk contains the amino acids of glycine, alanine, 
serine, in specific repeating pattern. These three amino acids make up 90% of 
the protein in silk. 

The last 10% is comprised of the amino acids glutamic acid, valine, and aspartic 
acid. 

These amino acids are used as side chains and affect things such as elasticity 
and strength. they also vary between various species. The beta pleated sheet of 
silk is connected by hydrogen bonds. 

Silk is a great example of a beta pleated sheet. The formation 
of the secondary protein structure in silk allows it to have very 
strong tensile strength.



Figura 26.7 La struttura a foglietto b pieghettato nella fibroina della seta.

Struttura secondaria: foglietto-b

Più filamenti β disposti uno accanto all'altro e collegati tra loro da tre o più legami idrogeno che 

formano una struttura planare molto compatta. Si definisce filamento β una sequenza peptidica di 

amminoacidi (tipicamente composta da 5-10 amminoacidi) che si dispone linearmente ed è in grado 

di instaurare legami idrogeno. 

antiparallelo





α-cheratina costituita da α eliche destrorse intrecciate che è 
debolmente basica

β-cheratina costituita da foglietti β che è debolmente acida.

Le cheratine contengono una elevata quantità di cisteina,
amminoacido caratterizzato dalla presenza del gruppo –SH. I gruppi 
tiolici tendono ad accoppiarsi e formano un legame covalente –S-S- a 
seguito di una ossidazione.
I ponti disolfuro conferiscono alla cheratina robustezza e rigidità oltre 
che stabilità termica; se è bruciata la cheratina emana un odore 
pungente dovuto alla presenza di composti solforati che si formano.

https://chimicamo.org/chimica-organica/cisteina/


1.500 BCE – MesoAmerican cultures (Olmec, Maya, Aztecs) use natural latex

and rubber to make balls, containers and make their clothes waterproof.

Gomma naturale: non biodegradabile

Isoprene (naturale)

elastomero amorfo formato per addizione 1,4-cis dell'isoprene. 

Hevea brasiliensis. 

https://it.wikipedia.org/wiki/Elastomero
https://it.wikipedia.org/wiki/Isoprene
https://it.wikipedia.org/wiki/Hevea_brasiliensis


Gomma naturale: non biodegradabile

2-cloro-1,3-butadiene

Neoprene

(derivato dal petrolio)

Isoprene (naturale)

Il neoprene mima la gomma naturale: non biodegradabile

elastomero amorfo formato per addizione 1,4-cis dell'isoprene. 

Hevea brasiliensis. 

https://it.wikipedia.org/wiki/Elastomero
https://it.wikipedia.org/wiki/Isoprene
https://it.wikipedia.org/wiki/Hevea_brasiliensis


The transition towards carbon neutrality
How industry can be supplied with carbon feedstocks when the use of fossil carbon is discontinued?

It is entirely foreseeable that the increasing use of biomass for food, materials, and chemicals, could lead to 
overexploitation of natural resources. 

That would lead to competition for land between bioenergy (climate action) and food crops (food security) or 
between the bio-based production and the preservation of biodiversity and natural ecosystems. 

How much land should be made available for human activities?

*Organizzazione per la cooperazione e lo 
sviluppo economico

*



Plastics, bio-based plastics, biodegradable plastics

Lucia Gardossi
MODULE: Sustainability
Unit: Eco-design and circularity
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Bio-based: from biogenic feedstock

Bio-degradable: consequence of a)chemical structure of 
polymers; b) chemical nature of bonds connecting monomers

At their end of life each type of plastic requires a 
different management of waste to enable effective
circularity

Eco-design must take into account their entire cicle of life 

A. Pellis, M. Malinconico, A. Guarneri, L. Gardossi New Biotechnol. 2021, 60, 146-158. 

Fossil bio-
degradable

Bio-based
durable

Bio-based
bio-

degradable





The different circularities of economy

Oil, Coal
Renewable

biological carbon

After E. Mac Arthur 

Minimise systemic
leakage and negative 

externalities

It aims to maintain the value
of products, materials and
resources for as long as
possible by returning them
into the product cycle at the
end of their use, while
minimising the generation of
waste.

What is Circular Economy in EU?

What is Circular Bioeconomy?

“The production of
renewable biological
resources and the conversion
of these resources and waste
streams into value added
products, such as food, feed,
bio-based products and
bioenergy.”
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Example of Circular Economy: 
Recycling plastics

https://en.wikipedia.org/wiki/File:Polypropylene_tacticity.svg


How to recycle durable plastics?

A. Pellis, M. Malinconico, A. Guarneri, L. Gardossi New Biotechnol. 2021, 60, 146-158. 

Polymers such as polyamides (Nylon), some

polyesters (PET), polyurethanes (PUR) and

polyepoxides are used in technical

applications like textile fibers or automotive

applications, etc.

Their operating life lasts several years

(durable plastics) and, therefore,

biodegradability is not desired.

Recovery and mechanic recycling of plastics is feasible but many cycles
cause a downgrading of plastics.

Ideally, polymers should be degraded into the original monomers to be 
re-used in new polymerization cycles

Polyamide: Nylon 6





Cutinases

Enzymes for the degradation and recycling of polyesters

Green Chem., 2017, 19, 490-502. DOI: 10.1039/C6GC02142E

Recycling

https://www.carbios.com/en/enzymatic-recycling/

Cutinases

https://www.carbios.com/en/enzymatic-recycling/


https://www.carbios.com/fr/

Enzymatic hydrolysis to monomers and recycling
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Fully
biobased

Biodegradable in industrial 
composting plants

Fossil or partially biobased



Definitions regarding the concepts of bio-based polymers and biodegradability.

Bio-based (material or 

product)

Fully or partly derived from biomass (plants). Bio-based carbon content is the variable

describing the amount of bio-based carbon (in relation to fossil-based carbon) contained in a

material or product and it is measured via the 14C method.

Biodegradation

Chemical process during which microorganisms available in the environment convert materials into

natural substances such as water, carbon dioxide, and compost (artificial additives are not

needed to accelerate degradation). This process depends on the surrounding environmental

conditions (e.g. location or temperature), on the material and on the application.

Biodegradable plastic

Bio-based or oil-based plastics that meet standards for biodegradability and compostability.

If a material or product is advertised to be biodegradable, further information about the timeframe,

the level of biodegradation, and the required surrounding conditions should be provided and a

timeframe for biodegradation must be set in order to make claims measurable and comparable. This

is regulated in the applicable standards.

Compostable plastic

Bioplastic that has proven its compostability according to international standards and can

be treated in industrial composting plants. Plastic products can provide proof of their

compostability by successfully meeting the harmonised European standards (ISO 17088, EN 13432

/ 14995 or ASTM 6400 or 6868), a certification, and an according label (seedling label via Vinçotte

or DIN CERTCO, OK compost label via Vinçotte).

Degradable or oxo-

degradable plastics

Plastics to which additives have been added to enhance the degradation, but do not meet

biodegradability and compostability standards. Oxo-biodegradable plastic do not fulfil the

requirements of EN 13432 on industrial compostability, and are therefore not allowed to carry the

seedling label

Bio-based, non-

biodegradable 

technical/performance 

polymers

Polymers such as bio-based polyamides (PA), polyesters (e.g. PTT, PBT), polyurethanes (PUR)

and polyepoxides used in technical applications like textile fibers (seat covers, carpets) or

automotive applications (foams for seating, casings, cables, hoses), etc. Their operating life lasts

several years (durable plastics) and, therefore, biodegradability is not desired.

Bio-based, biodegradable 

plastics

Include starch blends made of thermo-plastically modified starch and other biodegradable

polymers as well as polyesters such as polylactic acid (PLA) or polyhydroxyalkanoates (PHAs).

Unlike cellulose, materials such as regenerate-cellulose or cellulose-acetate have been available on

an industrial scale only for the past few years and primarily used for short-lived products.

Fossil-based, biodegradable 

plastics
Biodegradable plastics currently still made in petrochemical production processes. Mainly used in

combination with starch or other bioplastics because the latter improve the biodegradability and

mechanical properties. Partially bio-based versions of these materials are already being developed.



Standards produced by CEN: 

European Committee for 

Standardization: BioBased

➢Bio-based carbon content in bio-based

products and its determination (EN

16640:2017; EN 16785-1:2015; EN

16785-2: 2015)

➢Determination of biobased carbon

content in plastics (ISO 16620-2:2015)

New Biotechnology, 2021, 60, 146-158. DOI: 10.1016/j.nbt.2020.10.003

Fully or partly derived from

biomass. Bio-based carbon

content is the variable describing

the amount of bio-based carbon

(in relation to fossil-based carbon)

and it is measured via the 14C

method.



Determination of biobased carbon content

• Measurement of C12 / C14 ratio of isotopes

C14 is formed in atmosphere and is

characteristic of biobased carbon 

while it diminished in fossil sources

• C14 t1/2 = 5730 years

• After 50.000 years very low conc.

• EN 16785-1:2015- Prodotti a 
base biologica – Contenuto di 
rinnovabili – parte 1: 
Determinazione del contenuto di 
rinnovabili mediante il metodo 
del Carbonio-14 e della 
composizione elementare. 
Lo standard dettaglia un metodo 
per la determinazione di sostanze 
rinnovabili attraverso l’analisi del 
Carbonio-14 e della 
composizione elementare del 
prodotto oggetto di studio. 
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Bio-Based alternatives?



Bio-Polietilene ottenuto da bioetanolo:

non biodegradable

•Identico al polietilene a base fossile

• Braskem 2009, 200.000 t/a

• Dow 2011, 350,000 t/a

Zucchero da canna

 fermentazione

Etanolo

 disidratazione 

chimica

Etilene



polimerizzazione

Polietilene



Bio-refineries based on  fermentation



Biobased monomers for polyester synthesis

Diacids/Diesters

Enzymatic Synthesis and Structural Modeling of Bio-Based Oligoesters as an Approach for the Fast 
Screening of Marine Biodegradation and Ecotoxicity. Int. J. Mol. Sci. 2024, 25, 5433. 
https://doi.org/10.3390/ijms25105433

Polyols



Production of PLA:  integration of chemistry with biotechnologies

Lucia Gardossi
MODULE: Sustainability
Unit: Bio-based products for industry

Pellis A, Cantone S., Ebert C., Gardossi L., New Biotechnol., 2018, 40, 154-169.

SugarsBiomass: Polylactate - PLA

The most important bio-based 

polyester in terms of volume, 

with a capacity of 

approximately 

800 000 tons / year



Compostable in 
industrial composting

plants  (controlled
conditions)

The most important bio-based 

polyester in terms of volume, 

with a capacity of 

approximately 

800 000 tons / year



LL-Lactide

(mp 97 C)

LD-Lactide 

(mp 52 C)

DD-Lactide

(mp 97C)

Lactic acid and 

lactide have 

stereoisomers

Depending on methods used for synthesis, PLA can have different stereoisomers: 
- Poly(L-lactide) (PLLA) and Poly(D-lactide) (PDLA) are isotactic forms, in which the 

configurational repeating unit is essentially an isomer of lactic acid (L-lactic and D-
lactic respectively). These are optically pure forms of PLA and have crystalline form.

- Poly(DL-lactide) (PDLLA) is the syndiotactic polymer, in which configurational 
repeating unit consists of two monomers that are enantiomeric. 

- If enantiomeric forms of lactic acid are bonded in a random sequence distribution, the 
polylactide is atactic. 



Stereoisomers of PLA:

isotactic isotactic
syndiotactic

A very important property is the rate of crystallinity, which is the 
degree of structural order respect to amorphous content. 
PLA with a high rate of crystallinity can be obtained with an optically 
pure PLA, while the lower optically pure is amorphous. 
The crystallinity influences many properties, such as the melting 
temperature (Tm), and the glass transition temperature (Tg) of PLA. 



1,4-Butanediol (1,4-BDO)

1,4-BDO is an important chemical that is used for the manufacture

of over 2.5 million tons of polymers annually. Nowadays its

production is almost entirely based on fossil carbon resources

(production via the Reppe process in which acetylene is reacted

with formaldehyde) with the exception of BASF and Bioamber that

started production via hydrogenation of SA which is accessible

from biogenic sources as described below.

In September 2016 Novamont opened the first plant at commercial scale 

in the world for the direct fermentation of sugar to produce 1,4-butandiol.  



In September 2016 Novamont opened the first plant at commercial scale 

in the world for the direct fermentation of sugar to produce 1,4-butandiol.  

Veneto 

Adria

https://www.google.it/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwihueiPzt7TAhXMExoKHfPnDe4QjRwIBw&url=http://www.polimerica.it/tag.asp?tag%3DMater-Biotech&psig=AFQjCNGov_Mp8-cITdkj1HQnSXXcHC0KNQ&ust=1494274892233096
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Durable

Biodegradable/compostable

Lucia Gardossi
MODULE: Sustainability
Unit: Eco-design and circularity

A. Pellis, M. Malinconico, A. Guarneri, L. Gardossi New Biotechnol. 2021, 60, 146-158. 

Polymers chemically synthetized from biobased

monomers or in combinations with fossil monomers

Biocompostable under 
industrially controlled conditions
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Biotechnologies for CO and CO2 transformation into
chemicals and fuels: metabolic engineering of

acetogenic bacteria
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1. CEN document EN 17228:2019 the property of biodegradation does not depend on

the resource basis of a material, but it is rather linked to its chemical structure.

The process of biodegradation depends on material, on its form (e.g. thickness, shape), and

on environmental conditions (e.g. temperature, inoculum, humidity).

2. The European standard EN 13432: “Requirements for packaging recoverable through composting and

biodegradation” entails “at least 90% disintegration after twelve weeks, 90% biodegradation (CO2

evolvement) in six months, and includes tests on eco-toxicity and heavy metal content”.

3. Standard ASTM D 6691 offers a test method to assess biodegradation in water.

Fossil based polycaprolactone: biodegradable
polyester

Standards produced by CEN: European Committee for 

Standardization: biodegradation



Biodegradation

• Two step process:

- Fragmentation: physical degradation (biotic or abiotic)

- Mineralization: Conversion of organic carbon to

inorganic carbon (CO2) through biotic digestion

• Biological degradation

“Living organisms recognize substrate as food”

The process of biodegradation depends on material, on its form (e.g. thickness, shape), and

on environmental conditions (e.g. temperature, inoculum, humidity).



Biodegradation: certification and labelling
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Bio-based and compostable plastics

Lucia Gardossi
MODULE: Sustainability
Unit: Eco-design and circularity

A. Pellis, M. Malinconico, A. Guarneri, L. Gardossi New Biotechnol. 2021, 60, 146-158. 

Polisaccharides

Starch and derivatives

Chitosan

Polyesters Polyhydroxyalkanoates

Biopolymers

Polymers from engineered microbes

They meet standard and can be 
recognised from labels

Fully or partly derived from

biomass. Bio-based carbon

content is the variable describing

the amount of bio-based carbon

(in relation to fossil-based carbon)

and it is measured via the 14C

method.

Bio-based (material or product)



COS'E' IL MATER-BI®

Polimero Biodegradabile e Compostabile

Mater-Bi®: la prima famiglia di biopolimeri che utilizza 

componenti vegetali come l'amido di mais, 

preservandone la struttura chimica

Attraverso un processo di "complessazione" dell'amido

con quantità variabili di agenti complessanti 

biodegradabili (naturali, da fonte rinnovabile, da fonte 

sintetica o mista), vengono create diverse sovrastrutture 

molecolari caratterizzate da un’ampia gamma di 

proprietà. 

Mater-Bi® è prodotto nello stabilimento di Terni, in 

forma di granulo e può essere lavorato secondo le più 

comuni tecnologie di trasformazione, per realizzare 

prodotti dalle caratteristiche analoghe o migliori rispetto 

alle plastiche tradizionali, ma perfettamente 

biodegradabili e compostabili, minimizzando l'impatto 

ambientale. I prodotti in Mater-Bi® dopo l'uso si 

biodegradano nel tempo di un ciclo di compostaggio. 

http://www.novamont.com/default.asp?id=781
http://www.novamont.com/default.asp?id=390
http://www.novamont.com/default.asp?id=390
http://www.novamont.com/default.asp?id=765#b2964
http://www.novamont.com/default.asp?id=781
http://www.novamont.com/default.asp?id=781


Thermoplastic starch
based plastics

Starch polymer structure retained while granular 

structure is destroyed under influence of heat, 

mixing and plasticizers (e.g. water, glycols)

Used in composites, blends, multilayers

Biodegradable

Organic waste collection, vapour permeable 

packaging

Mater-bi (Novamont) 60.000 t/a cap.

Foamed starch for packaging

L. Averous, University Strasbourg:

www.biodeg.net/biomaterial.html

Bio-based and compostable plastics



X

COMPOST

BIOGAS

BIOMETHANE

2 M tons of compost:
375.000 tons of organic
carbon back to the soil

4.6 M tons of organic waste

PRODUCED: 100 M m3

SAVED: 4.3 M tons of CO2 emissions

2019:  

Anaerobic
fermentation

The Italian model: an example of circular bioeconomy

1) Research and innovation: 

compostable plastics

2) Legislation: banning of             

non-compostable plastic bags

3) Pubblic-Private investments: 

revamping of waste-treatment 

plants, R&I 
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Compostable plastics can be recycled within
biogenic carbon cycles

Lucia Gardossi
A. Pellis, M. Malinconico, A. Guarneri, L. Gardossi New Biotechnol. 2021, 60, 146-158. 

• Meaning a material’s capacity to be converted into 
carbon dioxide (CO2) through the action of 
microorganisms, under the same process occurring in 
natural waste.
• Being disintegrable, namely being fragmented and 
invisible in the final compost (absence of visual 
contamination).
• Absence of negative effects on the composting process.
• Almost complete absence of heavy metals and the 
absence of negative effects on compost quality.





At the end of the degradation chain, different 

groups of metanogenic bacteria are involved 

in the methane production from acetate 

and from hydrogen and carbon dioxide. 

Volatile fatty acids are converted into 

acetate and hydrogen by hydrogen-

producing acetogenic bacteria. 

Performed by a microbial consortium, 

which has the ability to self acclimate to 

the inherent variability of the feedstock 

composition. 

Anaerobic digestion 



Bio-based polymers and plastics: families of products, their biodegradability
depends on the specific formulation

Polyesters Polyhydroxyalkanoates

Polymers from engineered microbes



Polyhydroxyalcanoates (PHA)

• Polyester (thermoplastic) produced by microorganisms in 
response to conditions of physiological stress 

• Represent a form of energy storage molecule to be metabolized 
when other common energy sources are not available

Current production based on sucrose, 

glucose

Established methodology using waste 

sources

- whey (lactose, salt conditions)

- glycerol

- bone and meat meal (N source)

- animal fats



Biological recycling of bio-waste and industrially 
biocompostable plastics

A. Pellis, M. Malinconico, A. Guarneri, L. Gardossi New Biotechnol. 2021, 60, 146-158. 

Compostable plastic materials must have the following 
characteristics:

• Biodegradability, meaning a material’s capacity to be 
converted into carbon dioxide (CO2) through the action of 
microorganisms, under the same process occurring in 
natural waste.

• Being fragmented and gragments must be invisible in the 
final compost

• Absence of negative effects on the composting process.

• Almost complete absence of heavy metals and the absence 
of negative effects on compost quality.

European standard EN 13432
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New biodegradable polymers?

Novamont, IT
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A. Pellis, M. Malinconico, A. Guarneri, L. Gardossi New Biotechnol. 2021, 60, 146-158. 

Why eco-design of biodegradable bio-based polyesters?

C. CALDEIRA, R. FARCAL, A. GARMENDIA AGUIRRE ET AL., Safe and sustainable by design chemicals and materials. Framework for the definition of criteria and evaluation procedure for
chemicals and materials, 2022; EUR 31100 EN, Publications Office of the European Union, Luxembourg, 2022, ISBN 978-92-76-53280-4, doi:10.2760/404991, JRC128591.

High risk of being 
dispersed in open 

environments because 
of their final use



The process: enzymatic solvent-less polycondensation of bio-based monomers

A. Guarneri et al. Adv. Synth. Cat., 2019, 361, 2559-2573 A. Pellis et al. Green Chem., 2017, 19, 490-502. 

T = 70°C

p = 70 mbar

Molar ratio = 1 : 1

A. Todea et al., ChemSusChem, 2022, 15 (9), e202102657

Mn 926 Da



Prof. Anamaria Todea

➢ Overcoming factors 
such as the 
crystallinity, shape 
and thickness of the 
debris

➢ Focus on the selection 
of monomers and the 
fundamental chemical 
structure of the 
polymer backbone.

BIO-BASED

Linear aliphatic 
AA, BDO

Branched 
hydrophilic 
GLY, ERY

Enzymatic synthesis of 11 model copolymers and terpolymers with 
Mn < 1000 g/mol for studies of biodegradation and ecotoxicity: 
analysis from a molecular perspective

Todea et al., . Int. J. Mol. Sci. 2024, 25, 5433. 
https://doi.org/10.3390/ijms25105433

FOSSIL

Aromatic 
TA vs FDCA



Experimental evaluation of ecological impact of new bio-based products: 
biodegradation and ecotoxicity
Computational analysis of tetramer structures using VolSurf3 molecular descriptors

Ecotoxicity studies in sea and fresh water

Todea et al., . Int. J. Mol. Sci. 2024, 25, 5433. https://doi.org/10.3390/ijms25105433

UNI EN ISO 6341:2012
UNI EN ISO 8692 (2012)
UNI EN ISO 11348-3 (2019)
UNI UN ISO 10253 (2016)
EPA/600/R-95-136/

There are encouraging 
premises for the design of 
bio-based polymers and 
plastics which do not harm 
marine ecosystems. 
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Marine biodegradation→Monomers



Todea et al., . Int. J. Mol. Sci. 2024, 25, 5433. https://doi.org/10.3390/ijms25105433

Marine biodegradation→ Oligoesters

➢negatively influenced by FDCA

➢ extended aliphatic portions lead
to higher biodegradation

➢TA-BDO-AA

➢ERY increases the biodegradability



Physical 

state

Product Tg [C] Tm [C] Hm

[J/g] 

Tc [C] Mn D Dt (%) 

S GLY-TA -54.6 109.6 -14.66 90 960,2 1,21 58,90
S BDO-AA - 45.3 74.27 26.9 / / 49.95

S BDO-TA -55.9 89.4 10.63 79.7 694,15 1,2 46,69
L AA-GLY -41.3 n.d. n.d. Am. 887,11 1,41 46,68
S BDO-TA-AA -21.6 4.5 5.059 96.9 1002,1

1
1,21 36,42

L GLY-ERI-AA -28.0 n.d. n.d. Am. 844,65 1,35 34,41

S BDO-FDCA-AA -43.4 74.4 7.154 Am. 844,12 1,06 26,81

L GLY-FDCA-AA -46.9 n.d. n.d. Am. 439,42 1,25 21,85

S GLY-FDCA - 105.2 93.49 86.7 551,1 1,69 20,63

L GLY-TA-AA -51.8 16.7

44.5

2.472

0.643

- 474,17 1,31 18,76

S BDO-FDCA -12.5 92.9

120

7.663

2.046

Am. 635,15 1,16 17,29

Biodegradability

L= liquid, S=solid

Physical-chemical properties correlation

Thermal properties
affect biodegradability
but they are not fully
responsible for the
observed variability



Descriptors based on 
Molecular Interaction Fields – MIFs 

Todea et al., . Int. J. Mol. Sci. 2024, 25, 5433. 
https://doi.org/10.3390/ijms25105433

Probes used for the calculation of 

the descriptors : 

DRY (hydrophobic probe)

OH2 (water probe) 

O (carbonyl probe) 
N1 (amide nitrogen).

Computational models to correlate the structural and 
physical-chemical properties of oligoesters with their biodegradability

Prof. Emanuele Carosati

For more details on the computational data-analysis visit poster P7 



Computational analysis of tetramer structures using VolSurf3 molecular descriptors

Todea et al., . Int. J. Mol. Sci. 2024, 25, 5433. https://doi.org/10.3390/ijms25105433

Computational analysis of tetramer structures using VolSurf3

molecular descriptors: Partial Least Square statistical analysis
Partial Least Square (PLS) as regression
method, with a dataset of 11 molecules.
Model with five latent variables:
R2 = 0.98 and Q2 = 0.57

Chemical structures of the 
oligoesters. 

yellow = apolar atoms, 
red = polar atoms, 
green = hydrophobic atoms

PLS fitting graph

For more details on the computational data-analysis visit poster P7 



Computational analysis of tetramer structures using VolSurf3 molecular descriptorsComputational analysis of tetramer structures using VolSurf3 molecular descriptors
Computational analysis of tetramer structures using 
VolSurf3 molecular descriptors

Todea et al., . Int. J. Mol. Sci. 2024, 25, 5433. https://doi.org/10.3390/ijms25105433

PLS coefficients:
➢ Positive values: direct relationship with biodegradability
➢ Negative values: indicate a direct relationship with stability

IW3 and IW4 numerically
describe the hydrophilic
volumes when they are very
close to each other: negative
effect on biodegradability

EMDIS: distance between
atoms with polar and apolar
interactions.
Less biodegradable oligomers
have larger distances between
polar and apolar moieties.

IW1: Variable derived from the 

calculation of hydrophilic 

interactions, highlighting the 

importance of the distance 

between hydrophilic and 

hydrophobic moieties. Biodegradability depends on the balance of both distance and volumes of hydrophilic and 
hydrophobic atoms



Experimental evaluation of ecological impact of new bio-based products: 
biodegradation and ecotoxicity

Todea et al., . Int. J. Mol. Sci. 2024, 25, 5433. 
https://doi.org/10.3390/ijms25105433

Marine biodegradation with different inocula →Monomers

The inoculum from a polluted site affects positively the
biodegradation of aromatic monomers

Ecosystems adapt to chemical pollutants

A

B

Area close 
to a sewer 
pipe, a 
water 
treatment 
plant, and 
an oil 
tanker 
terminal
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