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Table 4. Bio-based synthetic polymers obtained from bio-based monomers or a combination of bio- and fossil-based monomers. 
Polymer Properties and applications Ref. 

Poly(trimethylene terephthalate) -
PTT* 

Polyester. Same properties as fossil-based PTT. Scarcely biodegradable. Semi crystalline thermoplastic, easily molded or thermoformed and spun into fibres. 
Good tensile and flexural strength, excellent flow and surface finish. Used in textiles and engineering applications (automotive parts, mobile phone housings. 

[1] 

Poly(ethylene terephthalate)-PET* Polyester. Same properties as the fossil-based PET. High-performance plastic used for engineering applications, fibres, films, bottles. [2–4] 

Poly(1,4-butylene succinate) - PBS 
Polyester. Biodegradable in soil and biocompostable. Its Tm of 115 °C and tensile strength of 30–35 MPa make PBS suitable for applications in packaging as 
an alternative to polyolefins. 

[5][6,7] 

Poly(ethylene succinate) - PES Moderately biodegradable. Good oxygen barrier and elongation properties. Used for film applications. [8,9] 

Poly(ethylene furanoate) - PEF Polyester. Durable, good oxygen barrier. Tm of 211 °C and Tg of 86 °C. Suitable for packaging, in the food and beverage industry. [10,11] 

Poly(trimethylene furanoate) - PTF Polyester. Not biodegradable. Tm of 172 °C, Tg of 57 °C, good oxygen barrier properties. Employed in light weighting packaging. [12] 

Poly(butylene furanoate) - PBF Polyester. Tm of 172 °C, Tg of 44 °C. Potential replacer of PET and PBT. [13,14] 

Poly(1,4-butylene adipate-co-1,4-
butylene terephthalate) - PBAT 

Polyester. Biodegradable. Used in blends with PLA and fibers due to low thermo-mechanical properties. Obtained from fossil feedstock or bio-tereftalic acid  [15] 

Unsaturated polyester resins - 
UPR 

Properties varies according the percentage of unsaturated diacid (e.g. itaconic acid) and the curing procedure. Applied in waterborne UV-curable coatings for 
wood and flooring industry. 

[16] 

Poly(L-lactide) -PLLA 
Polyester. Thermoplastic. Processable by extrusion, injection molding, blow molding. Degradable by hydrolysis rather than microbial attack. Industrially 
compostable. Crystallinity can be controlled by co-polymerization of selected ratios of L- to D-stereoisomers of lactic acid or lactide. Mechanical, thermal and 
barrier properties justify applications in food packaging. Used for medical applications and drug delivery because of its biocompatibility. 

[17,18] 

Polyamides containing four 
carbons - 4C PAs: 4; 4.6 and 4.10 

Not biodegradable. 4C PAs match properties of fossil-based PAs 6 and 6.6, such as thermal durability and mechanical strength, with a Tm above 250°C. All 
4C PAs have higher dielectric strength and higher retention of tensile properties as compared to PA 6.6. PA 4.10 has low moisture uptake. Applications range 
from water management to cable coating, food contact products and automotive. 

[19,20] 

Polyamides with longer chains. 
PAs: 6.10; 10.10; 11 and 12 

Long chain carbon monomers confer flexibility to these polymers, which find application in fuel lines in cars, offshore pipelines, gas distribution piping systems, 
electronics, sports equipment, furniture and automobile components. 

[21] 

Polyvinyl chloride – PVC* 
Not biodegradable and poorly chemically degradable. Same properties as fossil-based PVC. Used in construction profile applications, bottles and non-food 
packaging. When made more flexible by the addition of plasticizers, it is used in electrical cable insulation, imitation leather, flooring and as rubber replacer. 

[22,23] 

Polyethylene – PE* 
(from bio-ethanol) 

Polyolefin. Same properties of fossil-based PE. Not biodegradable, recyclable through dedicated infrastructures. Thermoplastic. High Density PE (more 
crystalline) finds applications in construction sector. Low Density Polyethylene is used in packaging. Ultrahigh Molecular Weight Polyethylene has applications 
in medical devices and bulletproof vests. 

[24] 

Polypropylene - PP* 
Polyolefin. Same properties as the fossil PP. Not biodegradable, non-polar. Partially crystalline thermoplastic with low density. Used in a large variety of 
applications and in packaging. 

[25] 

Poly(methyl methacrylate)–PMMA* Not biodegradable. Lightweight material used as glass replacement in automotive for shatterproof and UV resistant properties. [26,27] 

Ethylene propylene diene 
monomer – EPDM (synthetic 

rubber) 

Not biodegradable. Good resistance to hot water and polar solvents but poorly resistant to aromatic and aliphatic hydrocarbons. Chlorine-free synthetic rubber 
used for technical clothing, elastomers with shock absorption. Ozone and thermal resistant. Electrical insulation properties. Used also for automotive 
applications. 

[28] 

Polyurethanes -PURs 
Produced through the reaction of a diisocyanate with a polyol. Microbial degradation depends on the chemical structure. Often blended with polyethers to 
increase flexibility or extensibility. Used as de-halogenated flame retardant foams, paints, powder coatings, medical devices (blood contacting applications). 
Biodegradable polyurethane scaffolds have been used in tissue regeneration. 

[29,30] 
[31] 

Poly(furfuryl alcohol) - PFA 
Not biodegradable. Synthesized from bio-based furfuryl alcohol (FA) deriving from sugars. Used in the fabrication of nanoporous carbons structures for 
molecular sieve adsorbents, membranes and as a component for electrochemical and electronic devices. 

[32] 

Acrylonitrile butadiene styrene - 
ABS 

Obtained from butadiene rubber dispersed in a matrix of styrene‐acrylonitrile copolymer. Not biodegradable. Thermoplastic, used to make light, rigid, moulded 
products such as pipes, automotive parts. Used also for its flame retardant properties. 

[58][34] 

Polyacrylic superabsorbent 
polymers - PA-SA 

Its high swelling capacity is tuneable by controlling the degree of crosslinking. Its biodegradation in soil can be improved under conditions that maximize 
solubilisation. Find applications in personal disposable hygiene products, such diapers and sanitary napkins. 

[35,36] 

Poly(itaconic acid) - PIA 
Due to the presence of a vinyl moiety, itaconic acid is structurally similar to acrylic and methacrylic acid, providing a suitable bio-based alternative to 
poly(meth)acrylates via radical polymerization to yield poly(itaconic acid) (PIA). Applications include fibers, coatings, adhesives, thickeners, binders. As co-
monomer itaconic acid gives glass-ionomer dental cement. 

[37] 

 

Not biodegradable



Levulinic acid Malic acid

Some bio-based

monomers for

polymer

production
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Some bio-based monomers for polymer production

Monomer Biotechnological route Company Status

Application of the 

corresponding bio-

based polyesters

.

Sorbitol
Fermentation + 

hydrogenation
Roquette, ADM Market

Functional polyesters; 

coatings

Isosorbide Sorbitol dehydration Roquette Market Thermosetting resins

Ethylene glycol Ethanol dehydration
India Glycols Ltd, Greencol 

Taiwan
Market PET; PEF

1,3-propanediol Fermentation
Du Pont, Tate & Lyle, Metabolic 

Explorer
Market

PTT; fibers; elastomers; 

polyester-urethanes

1,4-butanediol
Fermentation, succinic acid 

hydrogenation

Novamont, BioAmber, 

Genomatica, Mitsubishi
Market PBAT; PBS; PBT

Adipic acid
Fermentation + 

hydrogenation

Celexion LLC, BioAmber, 

Rennovia, Verdezyme
Market

Resins; polyester-amines; 

polyester-urethanes

Itaconic acid Fermentation
Qingdao Kehai Biochemistry, 

Itaconix
Market

Photocurable precursors; 

plasticizers

Lactic acid Fermentation
Nature Works, BASF, Purac, 

Cargill, BBCA, Galactic
Market PLA

Succinic acid Fermentation
BioAmber, Myriant, Reverdia, 

BASF, Purac, Succinity
Market

Textiles; coatings; PBS; 

PBT

Terephthalic acid
Isobutylene oxidation, 

fermentation

Virient, Annellotech, 

Genomatica
Pilot plant PET; coatings

Levulinic acid
Fermentation, acid treatment 

of C6 sugars

GFBiochemicals, Bio-on, Biofine 

Renewables
Market

Coatings, hyperbranched

dendrimeric polyesters

Malic acid Fermentation Novozymes Pilot plant
Functionalized chiral 

polyesters

2,5-

furandicarboxylic 

acid

Fermentation + dehydration 

+ oxidation
Avantium Pilot plant PEF; polyester-urethanes



Not only Bio-Ethanol:

Bio-Based building blocks and monomers

from fermentations



Lactic acid was first discovered in sour milk by Scheele in 1780, who initially 
considered it a milk component. In 1789, Lavoisier named this milk 
component lactic acid. In 1857, however, Pasteur discovered that it was not a 
milk component, but a fermentation metabolite generated by certain 
microorganisms11. 

Lactic acid is a useful chemical, used in the food industry (as a flavoring, acidulant, and 
preservative), in the pharmaceutical, cosmetic and textile industries. It can be used in 
the chemical industry as a raw material for the production of lactate ester, propylene 
glycol, 2,3-pentanedione, propanoic acid, acrylic acid, acetaldehyde.



Lactic acid (2-hydroxypropionic acid), CH3–CHOHCOOH, is a simple chiral 

molecule which exists as two enantiomers. 

Chemical synthesis of lactic acid is mainly based on the hydrolysis of 

lactonitrile by strong acids, which provide only the racemic mixture of D-

and L-lactic acid. 

.
PLA was discovered in 1932 by Carothers (DuPont) who produced 

a low molecular weight product by heating lactic acid under 

vacuum. In 1954 Du Pont produced the polymer with a molecular 

weight greater and patented.

(S)(R)

Lactic acid



Lactic acid: chemical synthesis





Approximately 90% of the total lactic acid produced worldwide is 

made by bacterial fermentation and the remaining portion is produced 

synthetically by the hydrolysis of lactonitrile. 

The fermentation processes to obtain lactic acid can be classified 

according to the type of bacteria used. The carbon source for microbial 

production of lactic acid can be either sugar in pure form such as 

glucose, sucrose, lactose or sugar containing materials such as 

molasses, whey, sugarcane bagasse, cassava bagasse, and starchy 

materials from potato, tapioca, wheat and barley. 

Sucrose-containing materials such as molasses are commonly exploited 

raw materials for lactic acid production because they represent cheaper 

alternatives. 

Sugarcane bagasse is reported to be used as support for lactic acid 

production by Rhizopus oryzae and Lactobacillus in solid-state 

fermentation by supplementing sugars or starch hydrolysates as carbon 

source. 



The selection of microorganism is based on which raw material it has to ferment, 
as each microorganism has a different metabolism with different substrates. 
Microorganisms used in fermentation can be divided into two groups: bacteria
and fungi. 

Lactic acid bacteria (LAB) can be classified, according to fermentation end-
product, into: 

a) obligatory homofermentative LAB, such as Lactobacillus amylophilus, 
Lactobacillus acidophilus and Lactobacillus salivarius. They normally 
metabolize glucose by glycolysis pathway, which results in the production of 
lactic acid as the sole end product. 

b) obligatory heterofermentative LAB, such as L. brevis, L. reuteri and L. 
fermentum. They ferment sugar into ethanol, CO2, and lactic acid by the pentose 
phosphate pathway. 

c) facultative heterofermentative LAB, such as Lactococcus lactis, L. alimentarius
and L. casei use both pathways for fermentation. 

Most of LAB produce only one isomer of lactic acid, that depends on the 
stereospecificity of their lactate dehydrogenase enzyme (LDH).



Other feedstock for production of lactic acid are: glycerol, which is a by-
product of biodiesel production; microalgae, that have high fermentable 
sugar contents and they grow almost anywhere with an harvesting cycle of 
few days. 

Whey can be a potent and suitable raw material for lactic acid production 

because it consists of lactose, fats, protein, mineral salts, vitamins, and 

other essential nutrients for microbial growth. 

This process may be environmentally sustainable, because large volumes 

of whey are produced by the manufacturing of cheese as a byproduct. 

Besides LAB, which are commonly employed, there are filamentous fungi, 
such as Rhizopus, that can produce lactic acid from the aerobic metabolism 
of glucose. R. oryzae fermentation requires a simple medium but vigorous 
aeration for small production of L(+)-lactic acid.
The low production is partially attributed to the formation of byproducts
(e.g. fumaric acid and ethanol)



Milk whey: 180-190 M t/year

U.K.

http://cellulac.co.uk/en/




Bio-based lactic acid for bio-based polylactic acid (PLA): 

bio-based polyester

Among polymers, polyesters are a widely used class with applications 

ranging from clothing to food packaging and from the car industry to 

biomedical applications. 

PLA currently is the most important bio-based polyester in terms of 

volume, with a capacity of approximately 800 000 tons/y. 



PLA-based products had already been developed by the 1940s and 

1950s, but their production became economically viable only 70 years 

later. This demonstrates the importance of optimizing the productivity 

and robustness of bioconversions to achieve cost-effective production. 

The success of bio-based polyesters does not rely solely on their 

capacity to replace fossil-based polymers while being economically 

competitive. Rather, the next generation of bio-based polyesters 

should bring entirely new advanced chemical and functional properties 

to the polymer scenario. 

Besides high product specificity, as it produces a desired optically 

pure L-(+)- or D-(-)-lactic acid, the biotechnological production of 

lactic acid offers several advantages compared to chemical 

synthesis like low cost of substrates, low production temperature, 

and low energy consumption





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. 



(S) - Lactic acid

Lactide

Ring opening polymerization of lactide to polylactide

(S)-lactic acid

Lactide is the cyclic di-ester of 

lactic acid, i.e., 2-hydroxypropionic 

acid. 

Lactic acid can not form a lactone 

but  first forms a dimer, which 

contains an hydroxy group at a 

convenient distance from the 

carboxylic group for the formation 

of a lactone. The dimer readily 

forms a six-membered cyclic 

diester known as lactide

From lactic acid to lactide

• Monomer produced in 

fermentation

• Chemical polymerization



Ring Opening Polymerization 

Ring opening polymerization (ROP) is the most common route to achieve 
high molecular weight polylactide. This process involves the ring opening of 
the lactide, that is the cyclic intermediate dimer of lactic acid, in the presence 
of a transition metal catalyst, such as aluminum, bismuth, lead, tin or zinc. 

ROP of lactide can produce a polymer with wider range of molecular weight 
and specific properties by controlling synthesis conditions, like temperatures 
in combination with catalyst type and concentration, without chain coupling 
agent or azeotropic system5,25. 
Therefore, ROP has become very significant in PLA synthesis and is applied 
by some PLA leading producers, such as NatureWorks LLC. 
However, the trace residues of the heavy metal catalyst need to be completely 
removed for medical and food applications. Additional purification steps are 
drawbacks in this route, because they are relatively complicated and 
expensive 



Polylactic acid synthesis:

Other methods



Enantiomerically pure poly(L-lactide) (PLLA) or poly(D-lactide) (PDLA) are 
semicrystalline polymers, with the Tg in the range of 55-65 °C and the Tm of 
about 180 °C. 

The glass transition temperature (Tg) is the temperature where an amorphous 
polymer changes from a rigid glassy material to a flexible, but not melted, 
material. The Tg could express a limit above which mechanical properties may 
change drastically. 
Increasing the temperature over the Tg, PLA transitions from glassy to rubbery 
and behaves as a viscous fluid upon additional heating. 
Below the Tg, PLA behaves as a glass with the ability to creep until cooled to 
approximately -45 °C, below which PLA will only behave as a brittle polymer. 

The melting temperature is directly involved in the processability and stability. In 
fact, in order to reduce viscosity and consequently improve processability, the 
process temperatures are significantly higher than the Tm (from 190 to 250 °C)



3.1.7. Hydrolytic stability 

The thermal stability of polylactides is poor at temperatures above the Tm. 
Reactions involved in the thermal degradation of lactide polymers include 
transesterification, thermooxidative degradation, and thermohydrolysis. 

The thermal degradation of PLA is accelerated when polymer has high moisture 
content, catalyst and other impurities.
During extrusion, optimal drying conditions can reduce degradation. PLA can be 
purified in order to enhance thermal stability21. 

Radiation stability is important in medical devices because they need to be 
sterilized, and common sterilization methods use γ-or β-radiation. Radiations can 
cause crosslinking or chain scission reactions. These reactions might happen in the 
amorphous regions of the polymer. 
The hydrolytic degradation of lactide polymers is undesirable during processing but 
is essential for most applications, such as temporary medical implants and 
packaging. 
The temperature strongly influences the rate of hydrolysis because permeability 
increases at temperatures above the Tg. Hydrolytic stability can be also influenced 
by molar mass and purity of the polymer 



PLLA has gained great attention because of its excellent biocompatibility 

and mechanical properties. It has extensive applications in biomedical 

fields, including suture, bone fixation material, drug delivery microsphere, 

and tissue engineering. 

Companies, e.g. Cargill Dow Polymer LLC, Shimadzu Corp, Mitsui 

Chemicals, Musashino Co. Are now producing PLA-targeting markets for 

packaging materials, films, textile fibers, along with pharmaceutical 

products. The US Food and Drug Administration (FDA) and European 

regulatory authorities have approved the PLA resins for all food type 

applications and some chirurgical applications such as drug releasing 

systems 

However, its long degradation times coupled with the high crystallinity of 

its fragments can cause inflammatory reactions in the body. In order to 

overcome this, PLLA can be used as a material combination of L-lactic 

and D, L-lactic acid monomers, being the latter rapidly degraded without 

formation of crystalline fragments during this process.







Processing
Injection molding (stampaggio ad iniezione)

Injection molding is the most widely used converting process for thermoplastic 
articles, especially for those that are complex in shape and require high dimensional 
precision. All injection molding machines have an extruder designed so that the screw 
can provide enough injection pressure to deliver the polymer melt into the mold
cavities.

https://www.youtube.com/watch?v=b1U9W4iNDiQ



Processing
Drying and extrusion 

Prior to processing of PLA, the first step is to dry polylactide to avoid hydrolysis 
and, consequently, Mw reduction. During industrial production, PLA is mostly 
dried to values below 0.025% w/w. 

The extruder melts the resins fractioning them between the screw and the barrel, 
and also by an heater around the barrel. 
In order to achieve an optimal melt viscosity for processing, temperature is set at 
40-50 °C above the melting temperature. However, extruding PLA at high 
temperatures can cause thermal degradation, so the process should be tightly 
controlled32. 

https://www.youtube.com/watch?v=3joRkM8yJMQ



Processing
Cast film and sheet 

Cast is the main method to produce films with thickness
≤0.076mm and sheets with thickness typically ≥0.25mm.
During the process, molten PLA is extruded through a lip die
and quenched on polished chrome rollers refrigerated with
cooled water.
Cast films usually have transparent appearance and low
crystallinity due to the rapid cooling provided by the chilled
rolls. Cast film extrusion has the advantages of providing
good control of film thickness and good optical properties.
Roller temperature between 25 and 50 °C is recommended to
avoid lactide condensation.

Thermoforming
Thermoforming is a process in which a flexible plastic is 
pressed into a final shape by vacuum or air pressure. It is a 
standard method to produce PLA containers used for short 
shelf-life product packaging applications. 

https://www.youtube.com/watch?v=jcLfQkkkf_g

https://www.youtube.com/watch?v=alq3RD

ZN4jo



Foaming 

PLA foam parts are lightweight materials with improved structural 
performance. They were extensively used for medical applications 
(sutures, implants, and screws), but also for packaging (cushioning and 
insulation). 

During the process, a foaming agent (e.g. CO2, N2) is saturated into the 
PLA matrix at a pressure below 800 MPa at room temperature in a 
chamber. Then, the solubility of the blowing agents is reduced so 
bubbles can nucleate and create the foam structure. Finally, PLA matrix 
is cooled below Tg in order to vitrify 

https://www.youtube.com/watch?v=1huDKqVY5nc



https://www.youtube.com/watch?v=22VC_8xcyrs

Spinning 

Spinning of polylactide has been used to produce PLA fibers for medical
(e.g. surgical suture) and textiles application (e.g. breathable garments). 

Conventional technologies can be used for processing PLA fabrics, but 
they require modified dyeing and finishing techniques due to its low 
affinity to water-soluble dyes. 

In spinning of PLA fibers, a molten polymer or solution is extruded 
through a spinneret and is elongated by applying an external force. Then, 
the polymer filament is cooled until the temperature is below the Tg. 
During polylactide fibers production, it is important to control moisture 
content in order to avoid any possible hydrolytic degradation, and to 
achieve optimal parameters to obtain strong PLA fibers



Drug Delivery System 

With its excellent properties, PLA can be used to produce different dosage 

forms such as nanoparticles, microparticles, microcapsules and pellets. The 

microparticles and nanoparticles of polylactide and derivatives may be used for 

sustained release and targeted delivery applications because of their small 

size, that allows permeation through biological barriers. 

Microspheres and microcapsules have been widely applied in drug delivery 

systems (DDS) for the prolonged administration of numerous drugs such as 

contraceptives, local anesthetics, narcotic antagonists, and vaccines. They can 

also effectively deliver peptides and proteins effective with comparatively low 

doses. 

Injectable microspheres of PLLA have been used as an embolic material in 

transcatheter arterial embolization, which is an effective method to manage 

arteriovenous fistula and massive hemorrhage. They can also be applied in 

temporary fillings in facial reconstructive surgery. 

. 





Biomedical Applications 
The successful implementation of PLA in biomedical applications relies on better 
mechanical and surface properties than conventional plastics (e.g., hydrophilicity, 
roughness, and reactive functionalities). Moreover, thanks to its bioresorption and 
biocompatible properties, PLA resins are approved by FDA and EFSA for food and 
medical applications. 

Implants
PLA is widely used for medical implants because it degrades over time; therefore, the
removal step of an implant is not required32. PLA implants are able to maintain
mechanical properties for a period of time usually required for bone fracture healing.
PLA is commonly used in combination with other macromolecules, such as polyglycolic
acid (PGA), collagen, and hydroxyapatite (HA) ceramic, to improve its functionality
and mechanical properties. In addition, PLA composite devices may stimulate the
natural cells growth around the implant.
PLA can replace metal in device implants, and avoid problems such as corrosion and
distortion of MRI. Various applications include tissue growth, bone grafting, and
fracture fixation devices (miniplates, screws, rods, and suture anchors).
Blends of biodegradable PLA with surfactants (ethylene oxide and propylene oxide)
can have a potential use in dental or orthopedic implants, thanks to enhanced
toughness. Drug-eluting stents made of PLA and PLA blends, in which the drug is
either incorporated into the matrix or is adsorbed on the composite, are already
present on the market.



Tissue engineering 

Polylactic acid is found to be one of the most favorable matrix materials for 
tissue engineering, because of its excellent biocompatibility and mechanical 
properties. 
PLLA fibers are the preferred material in applications that require long retention 
of the strength, such as in ligament and tendon reconstruction, and for the 
production of stents for vascular and urological surgery. 

Three-dimensional porous scaffolds of polylactide have been created for 
culturing different cell types. These scaffolds are used in cell-based gene therapy 
for cardiovascular diseases, in muscle tissues, bone and cartilage regeneration, 
and other treatments. 
PLA structures may take from 10 months to 4 years to degrade depending on the 
composition, porosity and crystallinity. Blending of PLA with other polymers 
with better wettability and faster degradation provides to tune its 
biodegradability to be compatible with the time taken for tissue growth and/or 
recovery. 
3D printed PLA, PLA/hydroxyapatite and PLA/hydroxyapatite/silk composites 
have been developed as bone clip materials. Compared to other types of bone 
clips, these showed similar mechanical properties and superior 
biocompatibility19. 



An engineered polyhydroxyalkanoate (PHA) synthase was used as a base for the 
developing of one-step process PLA-producing bacteria. PHA synthase was 
chosen because the 3-hydroxybutyrate (3HB) monomer is structurally similar to 
LA. The polymerizing activity occur through continuous transesterification of 
lactate-coenzymeA (LA-CoA). 

Adding the engineered PHA synthase to a LA-CoA producing Escherichia coli, it 
was able to convert LA into PLA without extraction and purification.

Future developments



Pellis, A. et; Catal. Sci. Technol., 2016, 6, 3430.

Thermobifida cellulosilytica Cutinase 1

Enzymes for the 

modification/degradation of polyesters 



Cutinases are biosynthesized by pathogenic 

fungi to hydrolyze plant cutin

Plant Physiology 2013, 

DOI:10.1104/pp.113.222737

Pellis A. et al.  Catalysts 2016, 6, 205.

Pellis, A. et al. Catal. Sci. Technol., 2016, 6, 3430.

Cutinase
Humicola insolence

Cutinase
Thermob. cellulosilytica

Valerio Ferrario



Enzyme-catalyzed functionalization of 

poly(L-lactic acid)

PLA

PLAPLA

No adsorption Adsorption

Doxorubicin

180 000 tons/y

Alessandro 

Pellis
Cutinase from

Humicola insolens

Pellis A. et al., Process Biochem., 59, 77-83, 2017.  



Cutinase hydrolysis of PLA preserves bulk properties

5 µM 

Humicola

insolens

cutinase

GPC

0.1 M

NaOH

Pellis A. et al., Process Biochem., 59, 77-83, 2017.  



Funzionalizzazione superficiale del PET con Thc_cut1-SM

Hydrolysis of PET  catalyzed by Cutinase 1 from 

Thermobifida cellulosilytica
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Biotecnological production of other di-carboxylic acids

for polyesters

The high interest in SA is because of the 

fact that this dicarboxylic

acid is a key component/intermediate in 

the production of several solvents, 

adhesives, printing inks, magnetic tapes, 

coating resins, plasticizers, emulsifiers, 

deicing compounds and chemical

and pharmaceutical intermediates.

Succinic acid

Microbial strain able to  convert 

raw hydrolysates from biomass to 

succinate (US Patent 6,743,610).

http://en.wikipedia.org/wiki/Image:Succinic_acid.png


Succinic acid (SA)

Since 2008, various companies (such as DSM, BASF and Purac)

have shown an interest in the production of bio-based SA at

an industrial scale.

For SA the most important production process from renewable feedstock is 

microbial fermentation of various glucose sources by a variety of 

microorganisms such as genetically engineered microorganisms:

The processes are in use by two companies: the Myriant SA biorefinery in Lake 

Providence (Louisiana, USA) that employs grain sorghum grits as its saccharificable

starting material32 and the Reverdia process (used by DSM+Roquette) where 

ethanol and SA are co-produced through glucose fermentation. 

Both processes run with genetically modified anaerobic bacteria, in such a way that 

alcoholic fermentation sustains the SA production.Theoretical calculations 

performed by Pinazo et al. concluded that, despite having a lower material 

efficiency, fermentative SA production is attracting attention due to its very 

competitive cost and market position close to competitiveness with an important

petrochemical feedstock such as maleic anhydride.

Escherichia coli, 

Actinobacillus succiniproducens and 

Anaerobiospirillum succiniproducens

http://en.wikipedia.org/wiki/Image:Succinic_acid.png
https://www.google.it/url?sa=i&rct=j&q=&esrc=s&source=imgres&cd=&cad=rja&uact=8&ved=0ahUKEwin8qzdkOPTAhVSblAKHS_KAYIQjRwIBw&url=http%3A%2F%2Fwww.ru.all.biz%2Fit%2Fanidride-maleica-bgg1092713&psig=AFQjCNGcKdvsTb_oZVXmrEiUQCxc5-6Uhg&ust=1494430271703311


From succinic acid (SA) to 1,4-butandiol and to adipic acid (AA)

Succinic acid

Microbial strain able to  convert 

raw hydrolysates from biomass to 

succinate (US Patent 6,743,610).

nylonAdipic acid

http://en.wikipedia.org/wiki/Image:Succinic_acid.png
http://en.wikipedia.org/wiki/Image:Condensation_polymerization_diacid_diamine.svg


Biotecnological production of monomers:



Table 4. Bio-based synthetic polymers obtained from bio-based monomers or a combination of bio- and fossil-based monomers. 
Polymer Properties and applications Ref. 

Poly(trimethylene terephthalate) -
PTT* 

Polyester. Same properties as fossil-based PTT. Scarcely biodegradable. Semi crystalline thermoplastic, easily molded or thermoformed and spun into fibres. 
Good tensile and flexural strength, excellent flow and surface finish. Used in textiles and engineering applications (automotive parts, mobile phone housings. 

[1] 

Poly(ethylene terephthalate)-PET* Polyester. Same properties as the fossil-based PET. High-performance plastic used for engineering applications, fibres, films, bottles. [2–4] 

Poly(1,4-butylene succinate) - PBS 
Polyester. Biodegradable in soil and biocompostable. Its Tm of 115 °C and tensile strength of 30–35 MPa make PBS suitable for applications in packaging as 
an alternative to polyolefins. 

[5][6,7] 

Poly(ethylene succinate) - PES Moderately biodegradable. Good oxygen barrier and elongation properties. Used for film applications. [8,9] 

Poly(ethylene furanoate) - PEF Polyester. Durable, good oxygen barrier. Tm of 211 °C and Tg of 86 °C. Suitable for packaging, in the food and beverage industry. [10,11] 

Poly(trimethylene furanoate) - PTF Polyester. Not biodegradable. Tm of 172 °C, Tg of 57 °C, good oxygen barrier properties. Employed in light weighting packaging. [12] 

Poly(butylene furanoate) - PBF Polyester. Tm of 172 °C, Tg of 44 °C. Potential replacer of PET and PBT. [13,14] 

Poly(1,4-butylene adipate-co-1,4-
butylene terephthalate) - PBAT 

Polyester. Biodegradable. Used in blends with PLA and fibers due to low thermo-mechanical properties. Obtained from fossil feedstock or bio-tereftalic acid  [15] 

Unsaturated polyester resins - 
UPR 

Properties varies according the percentage of unsaturated diacid (e.g. itaconic acid) and the curing procedure. Applied in waterborne UV-curable coatings for 
wood and flooring industry. 

[16] 

Poly(L-lactide) -PLLA 
Polyester. Thermoplastic. Processable by extrusion, injection molding, blow molding. Degradable by hydrolysis rather than microbial attack. Industrially 
compostable. Crystallinity can be controlled by co-polymerization of selected ratios of L- to D-stereoisomers of lactic acid or lactide. Mechanical, thermal and 
barrier properties justify applications in food packaging. Used for medical applications and drug delivery because of its biocompatibility. 

[17,18] 

Polyamides containing four 
carbons - 4C PAs: 4; 4.6 and 4.10 

Not biodegradable. 4C PAs match properties of fossil-based PAs 6 and 6.6, such as thermal durability and mechanical strength, with a Tm above 250°C. All 
4C PAs have higher dielectric strength and higher retention of tensile properties as compared to PA 6.6. PA 4.10 has low moisture uptake. Applications range 
from water management to cable coating, food contact products and automotive. 

[19,20] 

Polyamides with longer chains. 
PAs: 6.10; 10.10; 11 and 12 

Long chain carbon monomers confer flexibility to these polymers, which find application in fuel lines in cars, offshore pipelines, gas distribution piping systems, 
electronics, sports equipment, furniture and automobile components. 

[21] 

Polyvinyl chloride – PVC* 
Not biodegradable and poorly chemically degradable. Same properties as fossil-based PVC. Used in construction profile applications, bottles and non-food 
packaging. When made more flexible by the addition of plasticizers, it is used in electrical cable insulation, imitation leather, flooring and as rubber replacer. 

[22,23] 

Polyethylene – PE* 
(from bio-ethanol) 

Polyolefin. Same properties of fossil-based PE. Not biodegradable, recyclable through dedicated infrastructures. Thermoplastic. High Density PE (more 
crystalline) finds applications in construction sector. Low Density Polyethylene is used in packaging. Ultrahigh Molecular Weight Polyethylene has applications 
in medical devices and bulletproof vests. 

[24] 

Polypropylene - PP* 
Polyolefin. Same properties as the fossil PP. Not biodegradable, non-polar. Partially crystalline thermoplastic with low density. Used in a large variety of 
applications and in packaging. 

[25] 

Poly(methyl methacrylate)–PMMA* Not biodegradable. Lightweight material used as glass replacement in automotive for shatterproof and UV resistant properties. [26,27] 

Ethylene propylene diene 
monomer – EPDM (synthetic 

rubber) 

Not biodegradable. Good resistance to hot water and polar solvents but poorly resistant to aromatic and aliphatic hydrocarbons. Chlorine-free synthetic rubber 
used for technical clothing, elastomers with shock absorption. Ozone and thermal resistant. Electrical insulation properties. Used also for automotive 
applications. 

[28] 

Polyurethanes -PURs 
Produced through the reaction of a diisocyanate with a polyol. Microbial degradation depends on the chemical structure. Often blended with polyethers to 
increase flexibility or extensibility. Used as de-halogenated flame retardant foams, paints, powder coatings, medical devices (blood contacting applications). 
Biodegradable polyurethane scaffolds have been used in tissue regeneration. 

[29,30] 
[31] 

Poly(furfuryl alcohol) - PFA 
Not biodegradable. Synthesized from bio-based furfuryl alcohol (FA) deriving from sugars. Used in the fabrication of nanoporous carbons structures for 
molecular sieve adsorbents, membranes and as a component for electrochemical and electronic devices. 

[32] 

Acrylonitrile butadiene styrene - 
ABS 

Obtained from butadiene rubber dispersed in a matrix of styrene‐acrylonitrile copolymer. Not biodegradable. Thermoplastic, used to make light, rigid, moulded 
products such as pipes, automotive parts. Used also for its flame retardant properties. 

[58][34] 

Polyacrylic superabsorbent 
polymers - PA-SA 

Its high swelling capacity is tuneable by controlling the degree of crosslinking. Its biodegradation in soil can be improved under conditions that maximize 
solubilisation. Find applications in personal disposable hygiene products, such diapers and sanitary napkins. 

[35,36] 

Poly(itaconic acid) - PIA 
Due to the presence of a vinyl moiety, itaconic acid is structurally similar to acrylic and methacrylic acid, providing a suitable bio-based alternative to 
poly(meth)acrylates via radical polymerization to yield poly(itaconic acid) (PIA). Applications include fibers, coatings, adhesives, thickeners, binders. As co-
monomer itaconic acid gives glass-ionomer dental cement. 

[37] 
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molecular sieve adsorbents, membranes and as a component for electrochemical and electronic devices. 

[32] 

Acrylonitrile butadiene styrene - 
ABS 

Obtained from butadiene rubber dispersed in a matrix of styrene‐acrylonitrile copolymer. Not biodegradable. Thermoplastic, used to make light, rigid, moulded 
products such as pipes, automotive parts. Used also for its flame retardant properties. 

[58][34] 

Polyacrylic superabsorbent 
polymers - PA-SA 

Its high swelling capacity is tuneable by controlling the degree of crosslinking. Its biodegradation in soil can be improved under conditions that maximize 
solubilisation. Find applications in personal disposable hygiene products, such diapers and sanitary napkins. 

[35,36] 

Poly(itaconic acid) - PIA 
Due to the presence of a vinyl moiety, itaconic acid is structurally similar to acrylic and methacrylic acid, providing a suitable bio-based alternative to 
poly(meth)acrylates via radical polymerization to yield poly(itaconic acid) (PIA). Applications include fibers, coatings, adhesives, thickeners, binders. As co-
monomer itaconic acid gives glass-ionomer dental cement. 
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Itaconic acid (IA)

IA has been known since 1837 when Baup first described the

thermal decomposition of citric acid, leading to IA.

Neither thermal decomposition nor alternative chemical

methods are used for commercial production since 

fermentation by fungi is economically more profitable. 

Biosynthesis of IA was first described by Kinoshita in 1932 

who isolated the product from cultivation media of the 

osmophile eukaryotic Aspergillus itaconicus.

Various Aspergillus terreus strains were found more suitable 

for the fermentation process.



IA is currently used in paper-coating and carpet-backing,

which are the primary consumers at the industrial scale. Some

IA derivatives are used in medicines, cosmetics, lubricants and

herbicides.



Polyols obtained by fermentations



Some bio-based monomers for polymer production

Monomer Biotechnological route Company Status

Application of the 

corresponding bio-

based polyesters

.

Sorbitol
Fermentation + 

hydrogenation
Roquette, ADM Market

Functional polyesters; 

coatings

Isosorbide Sorbitol dehydration Roquette Market Thermosetting resins

Ethylene glycol Ethanol dehydration
India Glycols Ltd, Greencol 

Taiwan
Market PET; PEF

1,3-propanediol Fermentation
Du Pont, Tate & Lyle, Metabolic 

Explorer
Market

PTT; fibers; elastomers; 

polyester-urethanes

1,4-butanediol
Fermentation, succinic acid 

hydrogenation

Novamont, BioAmber, 

Genomatica, Mitsubishi
Market PBAT; PBS; PBT

Adipic acid
Fermentation + 

hydrogenation

Celexion LLC, BioAmber, 

Rennovia, Verdezyme
Market

Resins; polyester-amines; 

polyester-urethanes

Itaconic acid Fermentation
Qingdao Kehai Biochemistry, 

Itaconix
Market

Photocurable precursors; 

plasticizers

Lactic acid Fermentation
Nature Works, BASF, Purac, 

Cargill, BBCA, Galactic
Market PLA

Succinic acid Fermentation
BioAmber, Myriant, Reverdia, 

BASF, Purac, Succinity
Market

Textiles; coatings; PBS; 

PBT

Terephthalic acid
Isobutylene oxidation, 

fermentation

Virient, Annellotech, 

Genomatica
Pilot plant PET; coatings

Levulinic acid
Fermentation, acid treatment 

of C6 sugars

GFBiochemicals, Bio-on, Biofine 

Renewables
Market

Coatings, hyperbranched

dendrimeric polyesters

Malic acid Fermentation Novozymes Pilot plant
Functionalized chiral 

polyesters

2,5-

furandicarboxylic 

acid

Fermentation + dehydration 

+ oxidation
Avantium Pilot plant PEF; polyester-urethanes



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


1,4-BDO derivatives:

• tetrahydrofuran 

• 𝛾-butyrolactone

• N-methylpyrrolidone

• 2-pyrrolidone

1,4-BDO is an important chemical that is used 

for the manufacture of over 2.5 million tons of 

polymers annually1,4-BDO and its derivatives 

represent a market ripe for the introduction of a 

competitive bio-based route







Thanks to an investment of 100 million euro, Novamont has managed to revive 

an abandoned manufactory site of Bioitalia, former Ajinomoto, who was 

acquired in 2012 by Novamont, safeguarding 27 jobs, which later became 51 at 

the end of 2015.

The plant of Bottrighe di Adria is the first facility in the world capable of 

producing butanediol (BDO) directly from sugars (30 thousand tons yearly).

BDO produced by the plant enables Novamont to deliver its fourth-generation of 

Mater-Bi bioplastics with greater sustainability (e.g. renewable components).

The products made with this new BDO will save an estimated 56 percent of 

greenhouse gas emissions compared to the use of conventional BDO.

https://www.youtube.com/watch?v=cWPcKil4z4M

https://www.youtube.com/watch?v=awxsW2nzsN8
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Other monomers for 

bio-based plastics



Chemical platform for 3-hydroxypropionic acid



Table 4. Bio-based synthetic polymers obtained from bio-based monomers or a combination of bio- and fossil-based monomers. 
Polymer Properties and applications Ref. 

Poly(trimethylene terephthalate) -
PTT* 

Polyester. Same properties as fossil-based PTT. Scarcely biodegradable. Semi crystalline thermoplastic, easily molded or thermoformed and spun into fibres. 
Good tensile and flexural strength, excellent flow and surface finish. Used in textiles and engineering applications (automotive parts, mobile phone housings. 

[1] 

Poly(ethylene terephthalate)-PET* Polyester. Same properties as the fossil-based PET. High-performance plastic used for engineering applications, fibres, films, bottles. [2–4] 

Poly(1,4-butylene succinate) - PBS 
Polyester. Biodegradable in soil and biocompostable. Its Tm of 115 °C and tensile strength of 30–35 MPa make PBS suitable for applications in packaging as 
an alternative to polyolefins. 

[5][6,7] 

Poly(ethylene succinate) - PES Moderately biodegradable. Good oxygen barrier and elongation properties. Used for film applications. [8,9] 

Poly(ethylene furanoate) - PEF Polyester. Durable, good oxygen barrier. Tm of 211 °C and Tg of 86 °C. Suitable for packaging, in the food and beverage industry. [10,11] 

Poly(trimethylene furanoate) - PTF Polyester. Not biodegradable. Tm of 172 °C, Tg of 57 °C, good oxygen barrier properties. Employed in light weighting packaging. [12] 

Poly(butylene furanoate) - PBF Polyester. Tm of 172 °C, Tg of 44 °C. Potential replacer of PET and PBT. [13,14] 

Poly(1,4-butylene adipate-co-1,4-
butylene terephthalate) - PBAT 

Polyester. Biodegradable. Used in blends with PLA and fibers due to low thermo-mechanical properties. Obtained from fossil feedstock or bio-tereftalic acid  [15] 

Unsaturated polyester resins - 
UPR 

Properties varies according the percentage of unsaturated diacid (e.g. itaconic acid) and the curing procedure. Applied in waterborne UV-curable coatings for 
wood and flooring industry. 

[16] 

Poly(L-lactide) -PLLA 
Polyester. Thermoplastic. Processable by extrusion, injection molding, blow molding. Degradable by hydrolysis rather than microbial attack. Industrially 
compostable. Crystallinity can be controlled by co-polymerization of selected ratios of L- to D-stereoisomers of lactic acid or lactide. Mechanical, thermal and 
barrier properties justify applications in food packaging. Used for medical applications and drug delivery because of its biocompatibility. 

[17,18] 

Polyamides containing four 
carbons - 4C PAs: 4; 4.6 and 4.10 

Not biodegradable. 4C PAs match properties of fossil-based PAs 6 and 6.6, such as thermal durability and mechanical strength, with a Tm above 250°C. All 
4C PAs have higher dielectric strength and higher retention of tensile properties as compared to PA 6.6. PA 4.10 has low moisture uptake. Applications range 
from water management to cable coating, food contact products and automotive. 

[19,20] 

Polyamides with longer chains. 
PAs: 6.10; 10.10; 11 and 12 

Long chain carbon monomers confer flexibility to these polymers, which find application in fuel lines in cars, offshore pipelines, gas distribution piping systems, 
electronics, sports equipment, furniture and automobile components. 

[21] 

Polyvinyl chloride – PVC* 
Not biodegradable and poorly chemically degradable. Same properties as fossil-based PVC. Used in construction profile applications, bottles and non-food 
packaging. When made more flexible by the addition of plasticizers, it is used in electrical cable insulation, imitation leather, flooring and as rubber replacer. 

[22,23] 

Polyethylene – PE* 
(from bio-ethanol) 

Polyolefin. Same properties of fossil-based PE. Not biodegradable, recyclable through dedicated infrastructures. Thermoplastic. High Density PE (more 
crystalline) finds applications in construction sector. Low Density Polyethylene is used in packaging. Ultrahigh Molecular Weight Polyethylene has applications 
in medical devices and bulletproof vests. 

[24] 

Polypropylene - PP* 
Polyolefin. Same properties as the fossil PP. Not biodegradable, non-polar. Partially crystalline thermoplastic with low density. Used in a large variety of 
applications and in packaging. 

[25] 

Poly(methyl methacrylate)–PMMA* Not biodegradable. Lightweight material used as glass replacement in automotive for shatterproof and UV resistant properties. [26,27] 

Ethylene propylene diene 
monomer – EPDM (synthetic 

rubber) 

Not biodegradable. Good resistance to hot water and polar solvents but poorly resistant to aromatic and aliphatic hydrocarbons. Chlorine-free synthetic rubber 
used for technical clothing, elastomers with shock absorption. Ozone and thermal resistant. Electrical insulation properties. Used also for automotive 
applications. 

[28] 

Polyurethanes -PURs 
Produced through the reaction of a diisocyanate with a polyol. Microbial degradation depends on the chemical structure. Often blended with polyethers to 
increase flexibility or extensibility. Used as de-halogenated flame retardant foams, paints, powder coatings, medical devices (blood contacting applications). 
Biodegradable polyurethane scaffolds have been used in tissue regeneration. 

[29,30] 
[31] 

Poly(furfuryl alcohol) - PFA 
Not biodegradable. Synthesized from bio-based furfuryl alcohol (FA) deriving from sugars. Used in the fabrication of nanoporous carbons structures for 
molecular sieve adsorbents, membranes and as a component for electrochemical and electronic devices. 

[32] 

Acrylonitrile butadiene styrene - 
ABS 

Obtained from butadiene rubber dispersed in a matrix of styrene‐acrylonitrile copolymer. Not biodegradable. Thermoplastic, used to make light, rigid, moulded 
products such as pipes, automotive parts. Used also for its flame retardant properties. 

[58][34] 

Polyacrylic superabsorbent 
polymers - PA-SA 

Its high swelling capacity is tuneable by controlling the degree of crosslinking. Its biodegradation in soil can be improved under conditions that maximize 
solubilisation. Find applications in personal disposable hygiene products, such diapers and sanitary napkins. 

[35,36] 

Poly(itaconic acid) - PIA 
Due to the presence of a vinyl moiety, itaconic acid is structurally similar to acrylic and methacrylic acid, providing a suitable bio-based alternative to 
poly(meth)acrylates via radical polymerization to yield poly(itaconic acid) (PIA). Applications include fibers, coatings, adhesives, thickeners, binders. As co-
monomer itaconic acid gives glass-ionomer dental cement. 

[37] 
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(source Novozymes communication)

Enzymatic 

technology

Optimized

microorganism Chemical 

downstream 

processing

Starch 

(biomasses)

Chemical route

Biotechnological route



Bio-Polyethylene

• Equivalent to fossil based PE

• 100 % biobased (ASTM 6866)

• Not biodegradable

• Braskem 2009, 200.000 t/a

• Dow 2011, 350,000 t/a

• Solvay PVC

• Ethanol fermentation carbon efficiency?

Sugar Cane

 fermentation, distillation

Ethanol

 chemical dehydration

Ethylene

 polymerization

PE



Bio-based monomers and 

building blocks obtained by 

chemical routes



Synthesis of azelaic acid and pelargonic acid from oleic acid 



Porto Torres: From a traditional 
petrochemical site to a biorefinery

Crops from marginal lands











ACIDO AZELAICO

Uso terapeutico (applicazione topica) nelle patologie:

Acne Vulgaris 

Rosacea Papulopustolare 

AIFA:

Finacea - 15% (p/p) gel. Tubo da 5, 30, 50 g. Bayer, 
S.p.A.

Skinoren - 20% (p/p) crema. Tubo da 30 g. Bayer, 
S.p.A.



Effetti finali: 

• Azione sbiancante su aree iperpigmentate

• Azione antiproliferativa tumorale

• Azione citotossica su cellule tumorali 
• (a dosi maggiori)

• Azione antiproliferativa virale e micotica in 
vitro

• Azione batteriostatica e battericida 
• dose-dipendente

• Azione anticheratinizzante - anticomedonica

• Azione antinfiammatoria

• Riduzione dell’attività serin-proteasica (SPA)



Laboratory of Computational and

Applied Biocatalysis

The construction of the 

European bioeconomy by 

designing and developing an 

integrated process to produce 

innovative biomaterials, 

through the valorization of 

renewable raw materials. 



Cynara cardunculus L., from 

Asteraceae family

 Wild robust perennial plant 

 Habitat conditions: high 

temperature, salinity and 

drought 

 High biomass productivities                       

(in the range of 1524 t/ha)

P. Valentão et al. J. Agric. Food Chem. 50(17), (2012), 4989-4993; 

C.M. Torres et al. Fuel 111, (2013), 535-542; 



 WHERE: Terni

 WHEN: November

May-June

 CONSERVATION: -20°C



STALK 
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extraction 

using SC CO2



Levulinic acid 

platform

Process developed with the Univ. of Pisa: thermochemical 

conversion of carbohydrates.

Biomass pre-treatment includes acid hydrolysis for the 

conversion into C5 and C6 sugars. 

Caserta
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Italian levulinic acid producer GF Biochemicals and American Process Inc. (API), 

a bioprocess technology firm, have announced plans to jointly build a 

cellulosic biorefinery in the U.S. 

In 2016 GF Biochemicals acquired 

the American company Segetis

GFBiochemicals





GF Biochemicals has formed a joint venture with Oman-based Towell Engineering

Group called NXTLEVVEL Biochem headquartered in Geleen, the Netherlands.

The JV plans to build a levulinate bio-solvent manufacturing plant scheduled to

start operations in 2024. Target markets are industrial cleaning, home and personal

care, coatings and agriculture.

Aris de Rijke, who joined GFBiochemicals in 2014 after a career at Shell and DSM,

will act as Chief Executive Officer of NXTLEVVEL Biochem. Steve Block, former

executive of Elevance Renewable Sciences, will be the Vice President of Business

Development, Sales & Marketing. Rudy Parton, who has devoted most of his

professional life to the development of biomass to levulinic acid and its derivatives

technologies, will be the Chief Scientific Officer.

I have reached out to NXTLEVVEL Biochem hoping to learn more about the

company, GF Biochemical’s manufacturing status, and revisit the market of levulinic

acid and derivatives including other players in this field. All of this information will be

coming out on Tecnon OrbiChem’s March Biomaterials newsletter.

In the meantime, check out Nova Institute’s latest report on levulinic acid released

late last year. The report indicated that the market is still underdeveloped in terms

of production technology and market demand. It is expected that new market

segments will open due to the potential of its derivatives, especially and among

others: levulinic esters, methyltetrahydrofuran (MTHF), γ-valerolactone (GVL),

diphenolic acid (DPA), oligomers for transport fuels and levulinic acid derived

ketals. For those markets, a driver for change will be a combination of additional

performance and price. Product availability and security of supply are also

important decision factors for change.

http://www.nxtlevvel.com/
http://news.bio-based.eu/levulinic-acid-and-succinic-acid-a-realistic-look-at-the-present-and-future-of-two-versatile-bio-based-platform-chemicals-and-their-market-development/





