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Biodegradation

The circular economy vision with use of biodegradable and biobased materials —

how to close the nutrient loops

Case study today
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Case study today

“Biosackerl”

| Compostable
| Packaging

=> Biodegradable polymers as enabler for
organic waste recycling and closing the loop
— case study “Biosackerl” in Austria
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Biodegradability understanding
What is biodegradability?

Food biopolymers

(e.g. starch, proteins)

s

wa s

Biodegradation = microorganisms metabolize the polymeric material
completely to energy, CO,, water & biomass (aerobic process)
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Microorganism

,Food" biopolymers
(e.g. starch, proteins, synth. biodegr. polymers)

Energy, -
CO,, Water '

material
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Biodegradation in soll
Biodegradable mulch film ecovio® M2351 mulch

End of life research

= Generate a fundamental
understanding of the
biodegradation process and
fate of material

= Correlation of laboratory and
field

ETH-zurich
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Biodegradation in soil

ecovio® M2351 mulch — Biodegradation in soil according to ISO 17556

Biodegradation of ecovio® M2351 mulch
film relative to cellulose control
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Biodegradation in soil

Decisive methods for understanding biodegradation in soil of ecovio®
mulch film

1. Microbial colonization 2. Enzymatic hydrolysis 3. Microbial metabolism
g I \ \(
P Y degradation & trar7sformat/or>/ >
PREE M Where does the
o monomers &

bulk 91} ‘ other small microbial polymer carbon

material = polymer =>oligomers = molecules [~ COQ' biomass end Up’?
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4. Microbial characterization
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bound residues
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5. Soil attachment =
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Biodegradation in soil

Decisive methods for understanding biodegradation in soil of ecovio®
mulch film

1. Microbial colonization 2. Enzymatic hydrolysis 3. Microbial metabolism
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4. Microbial characterization

S

bound residues

clay soilorganic Fe &Al
mineral matter oxides /

uondiosaq
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Biodegradation in soll

Conversion into microbial biomass
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Zumstein et al.,Science

poly(butylene adipate-co-terephthalate) AT AU
PBAT: labeled in adipate

13C atom percent
13C / (12C + 13C) (%)

Secondary electrons
RN W A O

12C14N - ions

ETHzurich
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Biodegradation in soll
Decisive methods for understanding biodegradation in soil of ecovio®

mulch film are established

9

organism
Microorganisms & enzymes identified
degradation & transformation
5;'-53 g Nanoscale
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material polymer —+0ollg molecules 2" piomass (Nano )
* * Cr~ . :
* modified by "*C labeling k% -I;, R N~ /& / Respirometric
of the monomers \ / measurements (02

demand, CO,
evolution)
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bound residues Cavity ring down
spectroscopy
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mineral matter ox1des

ETH-urich
(trace) analytics

uondjose(]

60 soils

investigated

Fundamental understanding of biodegradability

For the first time
fate of polymer
from soill
biodegradable
mulch film can be
followed
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Biodegradation in soil

ecovio lab/field tests in different soils (ETH Zirich, Agroscope) 2020 - 2023

Background and experimental set-up

= Comparability of mulch film biodegradation in lab &
field

= ecovio M2351 film samples used for studies

= Extraction-based biodegradation studies and DNA-

extraction ' Weather station

= Respirometric/CO,-evolution biodegradation
studies and DNA extraction

= Sampling at different timepoints or at different level B Soil 1: from a “Oko-Ausgleichsflache”

of biodegradation B Soil 2; from a manure treated grassland

B Soil 3: from a normally treated agricultural
field which just came off crop rotation
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Mechanism of biodegradation related to polymer structure
General mechanism of polymer biodegradation

Intermediates are metabolized by
microorganisms to energy, CO,, water
and biomass (aerobic process)

Microorganisms excrete
extracellular enzymes (e.g. Hydrolases)

Short chain intermediates and monomers

Enzymes attach to surface and cleave
are dissolved into the medium

polymer chains

OH

extracellular ¢$#¢%
enzyme &

H o o water soluble
\_\“\Q/\H/\/ﬁ\ polymer fragments
OH

UV/vis irradiation moisture oxygen
dapted f R.J. MUl . . n
adapted from ufier other abiotic factors WntB‘h\ms!:y
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Mechanism of biodegradation related to polymer structure
Breakdown of conventional vs. certified compostable plastics during composting

Conventional Plastics — e.g. LDPE

Fragmentation occurs via
external processes such

No as mechanical treatment
biodegradation and creates persistent
microplastic

Fragments Persistent microplastic

Certified compostable plastics — e.g. ecovio®

Certified compostable

plastics also fragment

Fragmentation gg o “ ‘ during composting, but
the fragments are then

during ” Biodegradation
- - SFp: _ completely biodegraded
ClBEEsuatiel Biomass, water & CO, by microbes
Fragments
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Mechanism of biodegradation related to polymer structure
Breakdown of conventional vs. certified compostable plastics during composting

A. Granules

carbon dioxide
+

Sl
ﬂ..?lﬂ*«w . ,
2D film pieces hrwm “Composting \

1 i

biomass

o --';,?;“. ¢ m 3D micro-granules

B. Film \
y
>

L

s .
= Shredded 2D film-on-paper
Yz pieces water

Micronized = artificial fragmentation through physical milling
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C. Coated paper




Mechanism of biodegradation related to polymer structure
How to develop microplastic analytics

Challenge: complex compost matrix contains organics, inorganics, larger pieces of wood...

Industrial
Composting

time pomt 0 6 % mineralization 50 % mineralization end of the experiment

The use of a fluorescent labelled materials allow the training of analytical methods W':'Bﬁs':y
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Mechanism of biodegradation related to polymer structure
Microplastic extraction methods

Pfohl et ai, Micropiastics and Nanoplastics (20211 1:8

hittpsi//dal.org/10.1186/543591-021-00009-0 Microplastics and
' Nanoplastics
i i Microplastic extraction protocols can ™
Particle extraction Microp P Pt
c t 4 impact the polymer structure
ompos e . . ‘ ‘ ‘ o , :
Micropplastic Sam pl |ng + 30 mL Ultrasonication 0X|dat|on (InorganlCS ;Ehrf:;ffr:::1;#Ch\:\;:fdner\ﬁ:h'”i:nhlﬂ?;: &;}—Jﬁ;gﬁrﬁger . Till Gruendling’, Christiane Lang’, Nikolaus Mestle',
o illipor r i included) for removal '
particles in bottle & Millipore wate (15 min) )

tumbler of organics

Density separation (removal of oxidation residue, pn-Raman microscopy ,particle hunter” software
inorganics) :

M Ecovio PS1606 1443

W Unknown 1073

M Polyamid 68

W Polyethylen 37
Others 42

Material Map

All types of microplastics extracted and number/size/shape/identity of fragments determined

We create chemistry
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Mechanism of biodegradation related to polymer structure
Can Biodegradable Materials Create Persistent Microplastic?

16

ecovio® PS1606 Biodegradation
(330um particles?®)

[

% biodegradation in compost at 55°C (industrial conditions):
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*proof-of-concept — even with much larger
particles ecovio® PS1606 still degrades

—@— Cellulose ~—@—ecovio PS1606 —@®— LDPE

After industrial composting, ecovio® PS1606 is fully biodegraded and no labelled ecovio®

microparticles remain in compost

Fundamental understanding of biodegradability

Measuring labelled-ecovio® /paper particles
~ during composting

Number of labelled particles in compost:
100
90

80

70 >

60

50

40

30

Particles per gram compost (%)

20
10 o N

0 *
Day 0 Day 180

* Limit of detection: 3 pm
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Approach with new tools
Predictive biodegradation modelling

How is a Model Developed?

Model correlation with lab tests:
Data Collected , - ]
/ and Analyzed \ i . el shaded band shows 95% prediction interval %

Biodegradation Calculations
Tests on Quriosity

RMSE=86%

Biodegradation in Biotest [%, OECD 301, 28d]
S

20
R*=087
icti . PValue=<0,0001
New structures Pr&%‘gg?’e ue=<0
synthesized 0 . , . - . ~ . .
generated 2 = > = -z nam

Biodegradation predicted by Model [36BD]

A novel machine learning model which accurately predicts the biodegradation of polymers in different
end-of-life environments
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Research biodegradable and biobased materials
New methods developed by BASF and cooperation partners to show the

biodegradation of certified biodegradable materials

Biodegradability New biodegradable /

Digitalization

Understanding biobased Chemistry

Performance

<

Biodegradability
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standard development
and stakeholder
management

material development
and application

Know how is provided and applied to certified soil biodegradable mulch film and certified compostable
paper-ecovio packaging contributing to a circular economy
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