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Biodegradation
The circular economy vision with use of biodegradable an(&%based materials —

how to close the nutrient loops

hiey Blosackerl”
Mulch Films FOOd.
production

=> Biodegradable polymers as enabler for
organic waste recycling and closing the loop
— case study “Biosacker!” in Austria

Organic waste

mailagement
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Biodegradability understanding 09
The purpose of biodegradation N

Food biopolymers .FO lopolymers
(e.g. starch, proteins) (e.g. starc ins, synth. biodegr. polymers)
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Biodegradation = microf@?isms metabolize the polymeric material ———
completely to energ\COZ, water & biomass (aerobic process)
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Mechanism of biodegradation related to polymer structure 09
General mechanism of polymer biodegradation é
\*'
Mi . Intermediat metabolized by
icroorganisms excrete microorg to energy, CO,, water
extracellular enzymes (e.g. Hydrolases) and bi (aerobic process)

Enzymes attach to surface and cleave

polymer chains solved into the medium

Eh@cham intermediates and monomers

o o water soluble

\n/\H/\/ﬁ\ polymer fragments

extracellular gg
enzyme g

irradiation  moisture oxygen O-BASE
dapted f R.J. Mull . |
adapted from ufier . other abiotic factors We create chemistry
’ N
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Microplastic 09
What are microplastics? \
Microplastics are pieces of plastic which are less than 5mm in size. Ther types of microplastic:
Primary Microplastic OQSecondary Microplastic
« Enter the environment directly from a . r the environment via breakdown of

product (e.g., exfoliating beads being washed o arger plastics (e.g., degradation of plastics
into wastewater from personal care products) % due to weathering)

Microplastics generated ff’gfonventional plastics are NOT biodegradable.

They accumulate and perstst in the environment 0-BASF
5 Fundamental understanding of biodegr 'Iit’ ’

Internal



6

<

Microplastic 9
Breakdown of conventional vs. certified compostable pla%@
Conventional Plastics —e.g. LDPE oo

g/ *
',‘: ‘. . I@'nentation occurs via external processes

I PN B )
GJCh as sunlight or wave erosion

Fragmentation

" These fragments create persistent microplastic

microplas%o
o
&

Certified compostable plastics — e.g. ecovio

Fragmentation via

biodegradation Biodegradation

Biomass, water & CO,

Certified compostable pI@n@also fragment during composting, but are then
completely biodegraded by*microbes to biomass, water and CO,

Fundamental understanding of biodegr 'Iit’
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Microplastic
Microplastic extraction methods
ot st Mt ot Narope 0201 Microplastics and
' ' Nanoplastics o
Microplastic extraction protocols can )
impact the polymer structure
Patrizia Pfohl', Christian Roth', Lars Meyer', Ute Heinemeyer', Till Gruendling', Christiane Lang', Nj &Lleﬂ
. . Thilo Hofmann®, Wendel Wohlleben' and Sarah Jess!"* @ @
__Particle extraction e
Compost +

Microplastic Sampling + 30 mL Ultrasonication Oxidation (inorganics

particles in bottle & Millipore water (15 min) included) for removal Q
tumbler of organics

6 hlet extraction

HFIP, 2 days

W Ecovio PS1606 1443
W Unknown 1073

" ®polyamid 68

W Polyethylen 37
Others 42

>

» Fragmentq r/size/shapelidentity

7 Furidahmoaal understanding of biodegrawty
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Microplastic ee

ecovio® PS1606 extrusion paper coating grade: biobased @ertified compostable

eco' ecovio® is the trade name for BASF’s compounds
\ VIO based on ecoflex® + Polylactic acid (PLA)

of oxygen)

@ ‘ ‘ Carbon/
\ ‘ nitrogen
& b

ecovio®PS1606 extrusion paper coating grade &Q Moisture Aeration

content (availability
74% average bio-based carbon content (\4-'\
' AUSTRIA

N
Certified industrial compostable

ratio

’ i‘ B'oed‘radability of compost%le

. plastics in industrial

\ composting sites
oL €11 LEE| AUSTRIA \ c| sﬁ:f:ﬁ:’
NoSTRAL LA
°°mposta‘°\a 0
European Standard European Standard & merican Standard
EN 13432 EN 13432, ASTM D6400, Japanese Standard Spitliie
. GreenPla
Australian Standar ASTM D6868
process
AS 47, 6 =
' condition*
* Determined by methodology conform to ASTM 6 * Biodegfadation phases can

differ according to different

8 Fundamental understanding of biodegrawty i A s RS
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Microplastic

3 Scenarios of ecovio PS1606 biodegradation in compos&@re Investigated

A. Granules

©
00 0 0,9
OOQOOOO

3D micro-gra

Zg pieces Composting

&
C. Coated paper \ e

2D film-on-paper
pieces

Micronised = artificial fragmentatio
9 Fundamental understanding of biodegrawty

rough physical milling
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Microplatstic

Compostable plastics (ecovio PS 1606) and the microplastj G[Jestion

LDPE fragments in idustrial compo
No degradation

ecovio fragments in industrial compost:
Minimum 99.93% (detection limit) of

particles disappear. We detect
100% of expected compostion (*)

Ecovio PS1606 vs. LDPE control

st: 10000
1000

100

Partikel / Gramm
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Time O

|| ecovio PS1606 Composting

timepoint_0: fragments 002 ‘

N
a4
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Fundamental understanding of biodengt’

cs & Dept. Experimental Ecology

Dr. Wendel Wohlleben, Dept. Material Ph
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Tec ogy developed (status Sept. 22)

apted extraction methods from universities.

6\' Validation via controls with low number of particles

per gram compost

B Identification & size determination via colour-
labelled fragments / spectroscopic methods

B Correlation of CO, tracking and particle analysis

Result

B The generated ecovio PS1606 fragments — as part
of the overall process — undergo a biodegradation
process

B Publication submitted

Path forward
B \Validation of other ecovio grades

B Development of a standard to determine
microplastic in compost



Approach with new tools

Predictive biodegradation modelling Qﬂe’
. o
How is a Model Developed? ,&O

el correlation with lab tests:
Data Collected
d Anal d Hi & 1
/ and Analyze \ | B ! H |
Calculations S U

shaded band shows 95% pradiction interval

:

G

N*a e
Biodegradation
Tests
New structures Pflslglgg?/e
synthesized £
<

"\
A novel machine learning} | which accurately predicts the biodegradation of polymers in different
end-of-life environments

1 Fundamental understanding of biodegrawty
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Biodegradation in Biotest [%, OECD 301, 28d]
S

20- RMSE=86%
R*=087
w Pvzlue=<00001
o I 4 1 ¥ 1 ¥ I ' T
0 20 40 60 380 100

Biodegradation predicted by Model [36BD]
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Research biodegradable and biobased materials 6
Combine biodegradability understanding and new chemi ith digitalization

N

Biodegradability ew biodegradable /

Digitalization

Understanding o biobased Chemistry

Performance

/TR
L
,N,;g,!,!i@

=]

standard development
and stakeholder
dialogue

<

Biodegradability

material development
and application

®
&
Provide know how for biodegrq@e and biobased material development, standard development and

stakeholder dialogue to SW gether a framework for the use of different biodegradable and
biobased materials contri g to a circular economy

12 Fundamental understanding of biodegrawty
Internal



O - BASF

We creste chemistry




