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Global plastic accumulation 5

Over 500 million tons of plastics 
are produced annually, yet only 9 % 
are recycled worldwide. 

UNEP (2021), From Pollution to Solution: A global assessment of marine liter and plastic pollution, Nairobi, GRID-Arendal.



Global Extremes of Plastic Contamination 7

ǆUif!xjeftqsfbe!qspevdujpo!boe!jotvggjdjfou!
recycling of plastics cause problems 
everywhere, from the peak of Mount Everest 
up!uif!effqftu!qbsu!pg!uif!Nbsjbob!Usfodi/Ǉ

https://geologyscience.com/geology/mariana -trench/



8



9

Cells2024,13, 1788.



Why Plastics Persist? 10

https:// www.grida.no/resources/14869



Resistance of Plastics to Environmental Degradation 11

https:// www.grida.no/resources/14869

Chemical Stability: High bond dissociation energy (~348 kJ/mol)  of 
CƿC polymer backbones makes spontaneous cleavage under ambient 
conditions highly unlikely.

Lack of Enzymes: Most environmental microbes lack enzymatic 
systems capable of depolymerizing synthetic CƿC polymers, limiting 
biodegradation.

Abiotic Resistance: Hydrophobicity and stabilizing additives inhibit 
photolysis, hydrolysis, and oxidative breakdown.

Polymer Chain Length: High molecular weight chains resist 
fragmentation and partial bond cleavage does not substantially 
degrade polymer integrity.

C
C



Natural Polymers: Inspiration for Sustainable Materials 12

Natural 
Polymers 

and 
Derivatives

Silva et al., Molecules 2022, 27, 94.



Waste Biomass Valorisation - Circular Bioeconomy 13

Biomass Stocks

ǋlignin

ǋcellulose

ǋproteins

ǋplant oils

Integrated 
Biorefinery

BioPlatform 
Molecules

ǋC2 e.g. Ethanol

ǋC3 e.g. Lactic acid

ǋC4 e.g. Succinic 
acid

ǋC5 e.g.  Furfural

ǋC6 e.g.  Gluconic 
acid

ǋVolatile fatty acids

ǋAromatic e.g. 
Vanillin

BioenergyFood & Feed

Products
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21 %

of our landfills

is food waste

It is time to rethink food waste
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 of all food goes to waste

Agriculture
Paper & pulp industry
Food processing industry



16



Collection

PLLA synthesis

Removal of harmful material Fermentations

Lactic acid isolationCertificationDesign and 
implement a 

pilot plant

saccharification

lactic 
fermentation

Biowaste to Bioplastic: PLA

lactic acid 
consumption

Hellenic 
Mediterranean 
University

University of 
Crete



Monitoring the production of lactic acid and isolation 19

Efficient monitoring of the fermentations and isolation



Azeotropic dehydrative polycondensation 20

Theodorou et al. Polymers 2023, 15, 4569. 

High molecular weight PLLA

Time
(hours)

Mw Mn MW/M n

30 min 243 217 1.12
1.5 283 246 1.15
2.5 318 272 1.17
5 422 341 1.24

20 1440 947 1.52
44 8198 4141 1.99

52.5 13866 5706 2.40
68 49359 22912 2.15
76 78045 36306 2.15
101 130141 58856 2.21
121 161127 83817 1.92
After 

precipitation
149452 81146 1.84

PLA-film * 184671 83817 2.05
PLA-ing* 153373 76640 2.00

Entry Tcc Tm1 

(oC)

Tm2 

(oC)

Tg 

(oC)

Tc ðHm
a Crystallinity 

(%)

1 106.4 162.5 170.2 59.9 - 16.9 18.0

2 129.1 171.6 - 65.2 - 15.8 16.9

7 106.4 158.6 165.9 61.1 - 27.5 29.3
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Aftermath 21

Maragkaki et al. Sustainability 2023, 15 10944; Gryparis et al. in preparation.

o PLLA with MW and properties 
comparable with those of commercial 
PLLA. 

o Similar or improved yields >5g/L.
o Degradable.
o Certification by TUV
o Scaling-up production in a pilot plant.



However Ǎ 22

www.renewable-carbon.eu/graphics

o PLLA with MW and properties 
comparable with those of commercial 
PLLA.

o Similar or improved yields.
o Degradable.
o Certification by TUV
o Scaling-up production in a pilot plant.

Degradable only under thermophilic and 
industrial digestion.
High energy demands for the synthesis.
Use of metal catalysts that hampers quite 
a few biomedical applications.
Poor control over the mechanical 
properties.



Biodegradable Polymers in Various Environments 23

www.renewable-carbon.eu/graphics



Polyhydroxyalkanoates (PHAs) 24

Natural, biodegradable polymers produced by various microorganisms as intracellular carbon and 
energy storage compounds.

o Synthesized by bacteria such asCupriavidus necator, Bacillus, 
and Pseudomonasspecies.

o Produced under nutrient-limiting conditions with excess carbon source
Production

PHB (Polyhydroxybutyrate)ƿthe most studied, crystalline, stiff, brittle. 

PHBV (Polyhydroxybutyrate-co-valerate)ƿcopolymer, more flexible

Structure

o Thermoplastic: can be molded like conventional plastics.

o Biocompatible: suitable for medical applications.

o Mechanical properties vary depending on monomer composition.
Physical Properties

o Completely biodegradable in soil, water, and composting conditions.

o Eco-friendly, reducing plastic pollution.Biodegradability

However, production still hampered byhigh cost, feedstock challenges, scale-up inefficiencies, and 
processing limitations. 



SwitcH2PHA 25

VFAs

PHAs

Local agroindustrial 
waste as a low-cost 
substrate for the 
cultivation of PHA-
producing bacteria 
(Cupriavidus necator)
 
Simultaneous 
valorization and 
treatment of 
wastewaters

Anaerobic Digestion

Hellenic 
Mediterranean 
University

University of 
Crete

Technical 
University of 
Crete



Bacterial growth in agro-industrial waste mixtures 26



PHA yields in wastewaters 27

Higher waste X content: higher PHA production



NMR analyses 28

Extracted polymer:

<--- Grown in control media: 

Poly-hydroxybutyrate (PHB)

Homopolymer

<--- Grown in digested WP:

Poly-hydroxybutyrate-co-
hydroxyvalerate (PHBV)

Co-polymer: better properties!



Films


