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Global plastic accumulation s
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UNEP (2021), From Pollution to Solution: A global assessment of marinéter and plastic pollution, Nairobi, GRIRArendal.



Global Extremes of Plastic Contamination
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Why Plastics Persist?

7 of the most common* marine litter items found in coastal areas are plastic packaging
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Resistance of Plastics to Environmental Degradation

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

C Lack of Enzymes Most environmental microbes lack enzymatic
HC’ systems capable of depolymerizing synthetic CpC 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.
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Natural Polymers: Inspiration for Sustainable Materials
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Waste Biomass Valorisation- Circular Bioeconomy

=m Biomass Stocks Integrated BioPlatform

EI Biorefinery Molecules
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Biowaste to Bioplastic: PLA
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Monitoring the production of lactic acid and isolation
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Az.e’otropic dehydrative polycondensation

58.4 wt% L-lactic acid

toluene, 134-137°C
0.56 Wt% Sn(Oct)

(Table S2, Entry 2)
30 min
s 90 MIN
e 2 5 h
e 5 0
e 20 h
w44 h

52.5h

68 h
e 76 h
w101 h
121 h
after precipitation

Elution Time (min)

Hijyh molecular weight PLLA

Entry

1
2
7

Time M., M,
(hours)
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 149452 81146 1.84
precipitation
PLAfIlm” 184671 83817 2.05
PLA-Ng" 153373 76640 2.00
Tee T Tro 1l T, 0H.,2  Crystallinity
°C) (O (°C) (%)
106.4 1625 1702  59.9 16.9 18.0
129.1 1716 65.2 15.8 16.9
106.4 1586 1659  61.1 27.5 29.3

Theodorou et al. Polymers 2023, 15, 4569.



Aftermath

PLLA with MW and properties
comparable with those of commercial
PLLA

Similar or improved yields >5¢/L .
Degradable

Certification by TUV

Scaling-up production in a pilot plant.
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However A

PLLA with MW and properties
comparable with those of commercial
PLLA

Similar or improved yields.

Degradable

Certification by TUV

Scaling-up production in a pilot plant.

PLA

&,

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.

. proven biodegradability

== proven biodegradability for certain grades

biodegradability not proven

in tharrnnphulin
digestion?®

www.renewable-carbon.eu/graphics



Biodegradable Polymers in Various Environments
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. proven biodegradability

= proven biodegradability for certain grades

biodegradability not proven

Z—=_ MARINE ENVIRONMENT

Temperature 30°C, 90 % biodegradation within a maximum

of 6 months. Certification: TUV Austria OK biodegradable MARINE.
Research on standards (both on test methods and requirements)
is on-going.

FRESH WATER

Temperature 21°C, 90 % bllgdegradation within a maximum
of 56 days. Certification: TUV Austria OK biodegradable WATER.
Research on standards (especially on requirements) is on-going.

SOIL

Temperature 25°C, 90 % biodegradation within a maximum
of 2 years. Certification: TOV Austria OK biodegradable SOIL
and DIN CERTCO DIN-Gepriift Biodegradable in Soil.
DIN-Gepriift Biodegradable in Soil is based on the European
standard EN 17033 dedicated to mulch films but can be used
for other products as well.

© O

HOME COMPOSTING

Temperature 28°C, 90 % biodegradation within a maximum
of 12 months. Certification: TUV Austria OK compost HOME and
DIN CERTCO DIN-Gepriift Home Compostable.

LANDFILL

Mo European standard specifications or certification scheme
available since this is not a preferred end-of-life option for
biodegradable waste.

ANAEROBIC DIGESTION

Thermophilic 52°C / Mesophilic 37°C. A specific European
standard or certification scheme for anaerobic digestion is not
yet available. Anaerobic digestion in a biogas plant is mentioned
im EN 13432 and EN 14895: 50 % biodegradation within two
maonths, usually followed by aercbic digestion.

INDUSTRIAL COMPOSTING

Temperature 58°C, 90 % biodegradation within a maximum

of 6 months. Certification: TUV Austria OK compost INDUSTRIAL,
DIN GERTCO DIN-Gepriift Industrial Compostable and both
LSeedling”. EN 13432 and EN 14995 are the European reference
standards and the basis of these certification schemes.

@ 6OF 6

www.renewable-carbon.eu/graphics



Polyhydroxyalkanoates (PHAS)

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

Production and Pseudomonasspecies.
o0 Produced under nutrientlimiting conditions with excess carbon source

IT-': 0 H1 (8] FIE o
Structure \{\(\Hn‘ *Gc.'v'%{o,\,“%

PHB (Polyhydroxybutyrate)p the most studied, crystalline, stiff, brittle.
PHBV (Polyhydroxybutyrateco-valerate) p copolymer, more flexible

o Synthesized by bacteria such asCupriavidusnecator, Bacillus, l f&

o Thermoplastic: can be molded like conventional plastics.
o Biocompatible: suitable for medical applications.
o Mechanical properties vary depending on monomer compaosition.

. ay o Completely biodegradable in soil, water, and composting conditions.
BIOdegradablhty o Eco-friendly, reducing plastic pollution.

However, production still hampered byhigh cost, feedstock challenges, scaleup inefficiencies, and
processing limitations.
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Bacterial growth in agro-industrial waste mixtures
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NMR analyses

Extracted polymer:

<---Grown in control media;:
Poly-hydroxybutyrate (PHB)

L Homopolymer
| yu B
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| | Poly-hydroxybutyrate-co-
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