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Throwaway Living

DISPOSABLE ITEMS CUT DOWN HOUSEHOLD CHORES

The -|||j|- ts fving |h|'|:_u!_'|| the air in this ||i|_-|u||_-
wokld fake 3 howrs 1o clean—exi v thai o Bogse-
wile necd bother, They are all me-ant 1n |||_' |||||mr|
wway afler wse, "|1;|||:.- are now  others, such as paper
|l|:||-*- il gowels, have been around 2 |l.l|1:_1 timse bt
are now heing made more attmetive.

An the bidtom of the picture, 1o the left of 0 New
York City ]h-|¢|r1:|||c-|||: of Sanitation trash cam, are
TR :1||'--v.:|.1:|l.' Wisrs .\_‘Illr ”ll“l'-l'-. |"||.-|||,'\.|| 1] [||:|E
pops i its own pan. Moving clockwise around the
photograph wome assorbed Trozen food contaimers,

a checkered paper napkin, a disposable diaper (seri-
||||d|:\. _-||_|F;5|;-|n| a5 wipe pedcon Tor & rise in the S,
birth rate) amd, behind it & baby's bib, At By
are throwaway water wings, Twil pamns, paper tahbe-
elath, Buesi h-wﬂ: and & secticiial ;'|Jll'. ] |i:_'l'|l s
an all-purpose bucket and, scattered throughout the

haskei are theowawas |!r.||u-ri,:--, azh trays, garbage
||.ug-._ Iyt |u_-'|-.. mais and ng lieh for -.|l:||."1.
AL |_|:||_I |:|a;|- " ||r ||'.|_- ||J_-'|._|'1 e 1w itemes [or humiers
to throw away: disposable goose amd duck decoys.,

CONTEUED

“The objects flying through the air in
this picture would take 40 hours to
clean — except that no housewife
need bother. They are all meant to
be thrown away after use.”

Life Magazine,
1955



https://businessintegrity.files.wordpress.com/2015/01/throwaway-living.png

™
o
<
w
(%}
=
|

Plasticene - now

A NEW GEOLOGICAL AGE...(last 60-70 years!)

n. & adj. (2011) an era in Earth's history, within the
Anthropocene, commencing in the 1950s, marked
stratigraphically in the depositional record by a
new and increasing layer of plastic (Stager, 2011,
attributed to Matt Dowling). The history and
etymology of plasticene in this sense is not related
to the word plasticene, a common early spelling
(for example, Cooper, 1901) of the popular
molding clay, plasticine.

A Plasticene Lexicon, Marine Pollution Bulletin,Volume 150, 2020, 110714, ISSN
0025-326X, https://doi.org/10.1016/j.marpolbul.2019.110714.


https://www.sciencedirect.com/science/article/pii/S0025326X19308707#bb0185
https://www.sciencedirect.com/science/article/pii/S0025326X19308707#bb0030

=P7L - Commodity plastics
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= Approx. 70% of global
production is types 1-6

= Biggest single application
IS packaging = 146
million tonnes (2015),
approx. 36% of global
production

Common types of plastics

Types of plastics

Symbol

Applications

Polyethylene terephthalate (PET)

High-density polyethylene (HDPE)

Polyvinyl chloride (PVC)

Low-density polyethylene (LDPE)

Polypropylene (PP)

Polystyrene (PS)

Polyethylene (PE)

Acrylonitrile butadiene styrene (ABS)

Polyamide (PA) or nylons
Polybutylene terephthalate (PBT)

Beverage bottles, medicine jars, rope,
clothing and carpet fibre

Containers for milk, motor oil,
shampoos and conditioners, soap bottles,
detergents and bleaches

All kinds of pipes and tiles

Cling-film, sandwich bags, squeezable
bottles and plastic grocery bags

Lunch boxes, margarine containers,
yogurt pots, syrup bottles, prescription
bottles, plastic bottle caps and plastic cups

Disposable coffee cups, plastic food boxes,
plastic cutlery and packing foam

Baby bottles, compact discs and medical
storage containers


https://www.eea.europa.eu/en/analysis/maps-and-charts/seven-common-types-of-plastics

B MSE 493

Plastic promises: How'd we do?

Data from 1950-2015:

« 8300 Mt of plastics

* 6300 Mt of plastic waste

« 12000 Mt in landfill/nature projected by
2050

« Conventional plastics do not biodegrade

 Increased demand for plastics

* Permanent elimination only by incineration

Only about 307 of plastic
ever produced is stil in use —
the vest has been disposed of

in one of three ways:

79 Z accumulated
in [andfills and the
~~ environment

127 incinerated —

Haue

| __ 9 recycled

Geyer R. et al., Science Advances 2017, 3(7), 1-5.



=PrL  Plastics - recyclable or not?
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Thermosets consist of Elastomers consist of wide-

closely cross-linked meshed cross-linked

polymers. The wide mesh
allows the material to stretch

polymers. Cross-links are

shown as red dots in the
under tensile load.

U

Can’t be recycled mechanically

figure.

Plastic

Thermoplastics consist of non-
crosslinked polymers, often with a
semi-crystalline structure (shown in
red). They have a glass transition
temperature and are fusible.

O

Usually recycled mechanically


https://en.wikipedia.org/wiki/Plastic
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Thermoplastic or
thermoset?

% of all plastics

4
7

89

m Thermoplastic = Thermoset = Depends

Plastic

= Rough calculation

= About 75% or more of all
commodity plastics are
thermoplastics

= So what is the problem?
Why are only 9% of all
plastics recycled?


https://en.wikipedia.org/wiki/Plastic

B MSE 493

Recyclable vs. Recycled

= \WWhat's the difference?
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=F7L Recyclable vs. Recycled
4 N 4 N

Recyclable Recycled
Can be collected and V. Has been collected and
remanufactured into new remanufactured into new
products products

N / N

J Il

up to 75% of commodity <10% of these recyclable
plastics are recyclable plastics have actually been
recycled

Plastics Recycling

B MSE 493


https://plasticsrecycling.org/resources/recyclable-vs-recycled-what-you-need-to-know-why-it-matters/

=F7L Recyclable vs. Recycled
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-~

Clearly, just because

doesn’t mean they are
actually recycled...

.

plastics can be recycled

~

>

/

Plastics Recycling

= Can you think of why?

11


https://plasticsrecycling.org/resources/recyclable-vs-recycled-what-you-need-to-know-why-it-matters/

=P'L Why are we so bad at recycling?

Cost — virgin plastic is cheaper than recycling

Quality — loss of quality and contamination

Few established rec:%/cling streams (PET and
HDPE; types 1 and 2)

Bans on import of plastic waste (China banned
import of low quality plastic waste in 2017 —
previously importing majority of waste from North
America Europe)

= Mixed plastics

= |Insufficient collection and sorting infrastructure

Why aren't we recycling more plastic?
Operation National Sword

B MSE 493

PET/PETE GRANULES DRINKING BOTTLES ASSORTED CONTAINERS
a ~,
; a=2
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WALL INSULATION MICROWAVABLE TRAYS FRUIT CONTAINERS

BREEZE BRICK .
BLOCK oS
= . —=
\ ’/
/
\ L)

SYNTHETIC CLOTHES SYNTHETIC CARPET

L/‘]B Type 1 - PETE Polyethylene Terephthalate (PET)
TE

PE
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https://stories.undp.org/why-arent-we-recycling-more-plastic#:%7E:text=Profitability%3A%20There%20are%20thousands%20of,much%20more%20complicated%20and%20expensive.
https://stories.undp.org/why-arent-we-recycling-more-plastic#:%7E:text=Profitability%3A%20There%20are%20thousands%20of,much%20more%20complicated%20and%20expensive.
https://en.wikipedia.org/wiki/Operation_National_Sword

Plastics everywhere - now

Particles < 5mm in diameter

= Microplastics Primary or secondary
Main source is secondary from SUPs

B MSE 493
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E;;L Throwaway living no more
- 4

@
SM Switzerland

SUSTAINABLE MATERIALS LAB

EU bans single use-plastics

About ten product categories will be banned, from 2021

Polystyrene food

Cutlery and drink Q

plates, containers p—

\ straws - —4
/

/ Drink
/ stirrers

ao—g—" = No widespread ban in Switzerland
* Geneva banned SUPs in 2020

[ B Sy e

‘!5‘. - Eﬁ;t?n ’ ‘ - Charge for single use ba
\ Oxo-degradable g g g
plastic carrier bags » Oxo-degradable plastics banned
EU found no proof they
were totally biodegradable « Good waste management
Source: European Commission © AP infrastructure
%
L
2 EU SUP ban Swiss plastic policies
|


https://environment.ec.europa.eu/topics/plastics/single-use-plastics/eu-restrictions-certain-single-use-plastics_en
https://www.bafu.admin.ch/bafu/en/home/topics/waste/info-specialists/waste-policy-and-measures/plastics-in-the-environment/faq-kunststoffe.html

=PrL Side note: Can you recycle a thermoset?

@

SUSTAINABLE MATERIALS LAB

YES



=F7L Confusingly, the answer is yes

Two different approaches can be used: https://pubs.rsc.org/en/content/articlehtml/
2022/9c/d2gc00368f

1. Cleavable crosslinks (dynamic covalent polymer networtks — DCPN)

2. Chemical recycling to monomer (CRM)

P = = =y

closed-loop chemical recycle SERRTL oy
/(catalyst) i >

© small molecule

aqueous solution

thermosets / (2) dynamic
separation (1) hydrolysis . f exchange de-cross-linking
purification eactions
reactl
o

> ?3 ] - {\‘l—""‘,0

e e 9900, W© il

200 , o ol S S

)g . Q ) > ) d)jj;’rjﬁdg}g (efQ : g%ﬂ)‘j & o :

o,, SN, EANY
o o 3 : o OGagag ¢ I
< b o e
L
2 monomers / valuable oligomers dynamic oligomers
|


https://pubs.rsc.org/en/content/articlehtml/2022/gc/d2gc00368f

“P7. An EPFL example - Stellacci group

n-m
NG

130 °C, 1.5h 80 °C, 48h

Deconstruction

80 °C, HCI

B MSE 493

https://doi.org/10.1002/anie.202410624

= PVA is a commercial
polymer (1,3- diol)

= PVA modified with
beta-ketoester

crosslinks to give a
PVA thermoset

= This thermoset is
stable and insoluble
under many conditions,
but heat and acid can
de-crosslink and give
back the soluble PVA

17


https://doi.org/10.1002/anie.202410624

%FL Carbon fibre polymer-reinforced composites

@
a b
§Mmuh ) Reuse ) 250 _C-aPVA31k—O.5
200 C-aPVA,,,-0.5/CF
Recovered CF &
A = 150
b
o 1004
0
501
w 0- . . : "
80 °C § 0 30 60 90 120 150
—] Strain (%)
_ 24 h =
v = C)
Composite Composite and HCI Recovered
Jl ,“ J\ J \ JL 1 jl‘k

Original
Reuse Modification | 1) Dialysis LMJ
< T ————
i @'é LJ-‘; 2) Freeze LJ__J
3 =P drying :
aPVA;,,-0.5 Recovered Depolymerized 45 40 35 30 25 20 15
PVA31k C-aPVA31k-0.5 ppm

B MSE 493

https://doi.org/10.1002/anie.202410624



https://doi.org/10.1002/anie.202410624
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Angewandte COEH s

International Edition Chem’e S Chemical Society

HOME ‘ ABOUT Vv ‘ CONTRIBUTE Vv ‘ BROWSE Vv ‘ SPECIAL COLLECTIONS v

Aims and Scope

Angewandte Chemie is a journal of the German Chemical Society (GDCh). With an excellent Impact
Factor of 16.6 (2022 Journal Citation Reports, Clarivate, 2023), the journal is maintaining its leading
position among scholarly journals with a focus on general chemistry. It appears weekly in a highly
optimized, reader-friendly format; new articles appear online almost every day. Founded in 1887,
Angewandte Chemie is one of the prime chemistry journals in the world today. Moreover, it is the only
journal in the field delivering a stimulating mixture of Review-type articles, Highlights,
Communications, and Research Articles weekly.

Review-type articles summarize important recent research on topical subjects across all branches of

chemistry, they provide an overview of unresolved problems, and they discuss possible developments.

To contribute a Review, Minireview, or Highlight, please contact our editorial office in the first instance
so that our team may assess the suitability of the proposal. Unsolicited submissions cannot be
considered at this time.

Communications and Research Articles are selected critically and report on the latest research results,
making the journal indispensable to chemists who want to stay well informed.

ISSN: 1433-7851 (print). 1521-3773 (online). CODEN: ACIEF5.

Currently 52 issues per year.

IF =16.6
Founded in 1887

Chemistry scope

19



="~ 0K, back to it, so what should we actually do?

= Anything better going on?
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The 9R’s

9R s of Circular

Economy

Remanufac

ture

= No direc_:t mention of material
alternatives?

= Maybe under “Rethink™? —
creating products following a
sustainability criteria

The 9R's of the Circular Economy

21


https://medium.com/@marialauraramirez/the-9rs-of-circular-economy-6fdd5fd05d82
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Black Friday? So much for Refuse.

Trend of Black Friday Spending in the US (2017 - 2024*)
Spending estimated in billion (SUSD)

*forecast

IIIIIIIIIIIIIIIIIII

CHART: US Black Friday 2024
Spending Forecasted to
Surpass $10 Billion

2017 2018 2019 2020 2021 2022 2023 2024*
Demand 2024 Black Friday
i:: :e E r[:::a?]nuest i)gyideji / Techloy.com TeCh onO

3 A Flourish chart

22


https://www.techloy.com/chart-us-black-friday-2024-spending-forecasted-to-surpass-10-billion/
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Usually
thought to
maintain
quality

Better
environment
al benefits,
since less
virgin
material
needed

Requires
pure
recycling
streams

="'t Closed loop, open loop?

Closed and open loops

Closed-Loop vs. Open-Loop Recycling

Use
=

Manufacuring

Same or Similar Product

Collection

Recovery

Use
=

Manufacuring

Collection

s
J

Recycle
Recovery

T

Different Product

Usually
thought to
degrade
quality/down
cycle

Usually
lower value
products

May need
more virgin
inputs to
maintain
quality

23


https://www.zacrosamerica.com/news/cubitainer-closed-loop-recycling/

B MSE 493

Upcycling? Is this good?

Turning waste into something of higher value
and keeping the materials circulated longer

May have a place but there is some critique:
= Delays waste (not preventative)
= Often needs more material input

= Open loop — bottle to yoga pants can’t go
back to bottle — can’t we just recycle the
bottle?

= Many of these products, while creative do not
address a core need

24
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Upcycling with ELM'’s

nature communications

Article https://doi.org/10.1038/s41467-023-40777-x

Engineering microbial division of labor for
plastic upcycling

Received: 15 December 2022 Teng Bao™2®, Yuanchao Qian*?, Yongping Xin'%®, James J. Collins ®345: &
Tlng Lu®1,2.6.7,8

Accepted: 9 August 2023

Published online: 26 September 2023

Plastic pollution is rapidly increasing worldwide, causing adverse impacts on
B Check for updates the environment, wildlife and human health. One tempting solution to this
crisis is upcycling plastics into products with engineered microorganisms;
however, this remains challenging due to complexity in conversion. Here we
present a synthetic microbial consortium that efficiently degrades poly-
ethylene terephthalate hydrolysate and subsequently produces desired che-
micals through division of labor. The consortium involves two Pseudomonas
putida strains, specializing in terephthalic acid and ethylene glycol utilization
respectively, to achieve complete substrate assimilation. Compared with its
monoculture counterpart, the consortium exhibits reduced catabolic cross-
talk and faster deconstruction, particularly when substrate concentrations are
high or crude hydrolysate is used. It also outperforms monoculture when
polyhydroxyalkanoates serves as a target product and confers flexible tuning
through population modulation for cis-cis muconate synthesis. This work
demonstrates engineered consortia as a promising, effective platform that
may facilitate polymer upcycling and environmental sustainability.

https://www.nature.com/articles/s41467-023-40777-x

Consortium of microorganisms
proposed to break down PET
hydrosylate

Produces chemicals and
polymers (PHA) through the
microbial degradation

(PET is fully recyclable by closed
loop approach — still using
microbes to degrade plastics is
important! Using microbes to
produce plastics?)

25
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Recycled content by mass balance

= |[magine a large raclette pot filled with 1 kg of
cheese - 20% Valais cheese and 80% Kraft singles

= |t's all melted together at the molecular level so we
don’'t know which “cheese molecule” is which

= Now the restaurant can say that 20% of it's cheese
is Valais and 80% is Kraft singles

= Here's the fun part: they can claim that 0.2 kg of
their cheese is 100% Valais, and the other 0.8 kg is
Kraft

= They will of course charge you more for the “Valais”
cheese

= Now imagine Valais is recycled content and Kraft is
virgin plastic

Mass balance

26


https://zerowasteeurope.eu/2021/03/mass-balance-approach/

Plastics: By source and end of life

-Protein-based

» Lots of options
e  Bio-based and non-

-Biobased polyesters

mierobes (L5, PHB) biodegradable — indistinguishable

-Synthesized from bio-

Bio-plastics
- Bio-PE

- Bio-PET
- Bio-PP

Biobased

i mananers 5. from petroleum-based plastics
« Bio-based and biodegradable -
Non-biodegradable Polymers Biodegradable Usua”y SOou I'CGd SOmehOW from

nature, like microbes
« Non-biobased but biodegradable
— usually has cleavable links
Non-biodegradable and non-
biobased — our conventional
materials

Non-biobased
[ )

[
[©2]
<
w
(%)
=
|

Image from: Polymers 2021, 13(7):1105. doi: 10.3390/polym13071105.
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-Protein-based
-Polypeptide-based
-Polysaccharide-based
-Biobased polyesters
-Polymers produced by
microbes (e.g., PHB)
~Synthesized from bio-
derived monomers (e.g.,

Biobased

Non-biodegradable Polymers Biodegradable

We are here for
the vast majority
of our commodity
plastics

Non-biobased

Plastics: By source and end of life "

What’s are the challenges?

Scalability

Are more options better? Need more
recycling streams, possibility for
contamination of streams is greater

Economics/cost

Properties — balancing function and
stability with biodegradation

Competing with food resources and land
use for biobased plastic production

Image from: Polymers 2021, 13(7):1105. doi: 10.3390/polym13071105.



=PFL  Side note: Do you think making more biodegradable and/or *
recyclable plastics is the answer to our plastics problem?

YES



Bioplastics? Let’s add more to the mix?

>,
A i = Agriculture and Horticulture
S ]

= Automotive and Transport

= No standard definition
= Most widely accepted: a polymer

® Building and construction

® Coatings and adhesives

that is biobased or biodegradable = Gonsumer goods
Or both = Flexible packaging
= Not all bioplastics are Textes

biodegradable (and some non- otners
biobased ones are, e.g., PBAT)

50
B .
£ 0
F
E‘ 35
_E 30
B 15
‘E 10 12%
o) =1
g 0
(L})J Asia Europe Morth America  South America
= Bioplastics: A boon or a bane? Continents



https://www.sciencedirect.com/science/article/pii/S1364032121005244#fig2
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PHA's

= PHA's are produced via bacterial fermentation of sugars and fatty acids,
under growth limited conditions

= Thermoplastic R o
H{O :
= Biodegradable (no microplastics)

= Bottleneck = high cost, 3-12x more expensive than traditional plastics
(other bottleneck is insufficient mechanical properties)

= 50% of cost arises from fermentation substrate (possibility to reduce
cost with low or no-cost substrates) — lignocellulose biomass waste

DOI: 10.1039/D3SU00126A

31



=PrL

B MSE 493

Metabolic engineering

In vivo degradation

Extraction and in vitro hydrolysation

https://pubs.acs.org/doi/full/10.1021/cr200162d

T 0
- CH ),u\
bl ‘(*cl_:l n TOH
2

Hydroxyalkanoic acids

32



=P7L  PHA and PHA co-polymers

> P{4HB)
> FVGILDPE =5 p(aiB-co-3HHX)
Packaging film
! ;\ " -
P e . LDPE {’_'_;__H P{3HB-co-4HB)
Ik j ! ' & P{3HB-co-3HHx)
Plastic bags

=

PP ) P(3HB-co-3HV)

Food containers

v .f'a_ . PS w P(3HB)
‘_’;

«  P(3HB-co-3HV)

Disposable cutlery

.E;

e T -

Medical suture

B 2024

Bioplastics: A boon or a bane?

;
PGLA ) P(3HB-co4HB) -

*Flexible

.. *Good moisture and

oxygen barriers
*Ductile

*Flexible

" «Tough

+*Ductile

~Stiff

. *High operating

temperature
«Tough

=Strong

- «3tift

+High softening
temperature

Biocompatible

* «Resorbable

«Strong

33

Can be used as a biodegradable
packaging material

Non-toxic, no severe immune
response (used in medical
applications)

Figure on left shows how PHA
copolymers can be used in different
plastic applications, replacing
petroleum-based plastics - variety of
PHA's with different properties

Depends on: substrate,
microorganism, and normal things
like processing conditions


https://www.sciencedirect.com/science/article/pii/S1364032121005244#fig2

=P7L  Lignocellulose substrates

Hydrulvsism

Waste - "
Lignocellulosic "
Biomass 'l
o ':H’_Oh

M § s.00 Simple fermentable
— : z : :;' sugars
o

‘:-_{\/t Universal Pre-treatment e _:._5; P
o Strategies

Biodegradation A T

PHAs capable of
biodegrading in any
environment

.:.;:}:.

2

ﬁ Llénin removal
& ) 22
; o
n
Product use and
disposal RHB Syhthess Bacterial fermentation

5 4

Fig. 2 Potential lifecycle of PHAs through utilization of lignocellulosic waste as feedstock.

DOI: 10.1039/D3SU00126A

B 2024

34
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Pretreatments to improve
fermentation efficiency

Limited opportunity for
microbial digestion

New access for effective
fermentation

-

High cellulose
crystallinity

Mechanical

i

High degree of

L polymerization

Fermenting

Microbes

i I
Lignin barrier

intact

Thermal > \

Lignin /" N\ cellulo

L i -
Hemicellulose

Fig. 4 Depiction of the role that pre-treatment methods have in improving fermentation efficiency.

DOI: 10.1039/D3SUO00126A

s

Chemical

Reduced
crystallinity

Side chains
removed

( Lignin partially )

removed

35
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Bio-On: A PHA unicom

NATURE

/

ALWAYS FINDS
THE UTION

— BIO ON is committed to revolutionizing the materials landscape with sustainable alternatives, 100% bio-
degradable in nature, centered around the use of pure biodegradable polymers - Polyhydroxyalkanoates

(PHAs) obtained from agricultural waste materials and by-products.

— Thanks to continuous research and development we transform what nature offers into products accessible
to everyone, to support our clients in developing applications from textiles to automotive to biomedical,

without releasing microplastics.

https://www.bio-on.com/en/

36
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Bio-On: A PHA unicom

= |[talian company that specializes in PHA production

= 2019: Faced legal and financial consequences in 2019 after an
investment firm described them as a “house of cards” and a “massive
bubble”

= Misrepresented production capabilities, issues with sales and revenue
claims, etc.,

= Share value dropped by 50% and trading was suspended

= Declared bankrupt in Dec 2019

= Gruppo Maip, Italian materials company, investing in 2021 to revive Bio-
On

= See previous slide, website up and operational

https://bioplasticsnews.com/2020/06/11/bio-on-pha-history-italy-bioplastic/

https://www.gopha.org/news/bio-on-is-back-with-grouppo-maip

37


https://bioplasticsnews.com/2020/06/11/bio-on-pha-history-italy-bioplastic/

=PFL - Some more reading
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: frontiers

ORIGINAL RESEARCH

in Environmental Science

2020

®

Check for
pdates

The “Plastisphere” of Biodegradable
Plastics Is Characterized by Specific
Microbial Taxa of Alpine and Arctic
Soils

Joel Riithi*?, Damian Bélsterli’, Lucrezia Pardi-Comensoli®, lvano Brunner’ and
Beat Frey'™

1 (WSL), Birmensdorf,
logy, ETH Zurich,
Materials Science

Forest, Snow and L:

cape Res:
nics, Swiss Federal f Te

Cited 95 times
Swiss research

38

Plastic pollution poses a threat to terrestrial ecosystems, even impacting soils from remote
alpine and arctic areas. Biodegradable plastics are a promising solution to prevent long-term
accumulation of plastic litter. However, little is known about the decomposition of biodegradable
plastics in soils from alpine and polar ecosystems or the microorganisms involved in the
process. Plastics in aquatic environments have previously been shown to form a
microbial community on the surface of the plastic distinct from that in the surrounding
water, constituting the so-called “plastisphere.” Comparable studies in terrestrial
environments are scarce. Here, we aimed to characterize the plastisphere microbiome of three
types of plastics differing in their biodegradability in soil using DNA metabarcoding. Polylactic
acid (PLA), polybutylene adipate terephthalate (PBAT), and polyethylene (PE) were buried in
two different soils, from the Swiss Alps and from Northern Greenland, at 15°C for 8 weeks.
While physico-chemical characteristics of the polymers only showed minor (PLA, PBAT) or no
(PE) changes after incubation, a considerably lower a-diversity was observed on the plastic
surfaces and prominent shifts occurred in the bacterial and fungal community structures
between the plastisphere and the adjacent bulk soil not affected by the plastic. Effects on the
plastisphere microbiome increased with greater biodegradability of the plastics, from PE to PLA.
Copiotrophic taxa within the phyla Proteobacteria and Actinobacteria benefitted the most from
plastic input. Especially taxa with a known potential to degrade xenobiotics, including
Burkholderiales, Caulobacterales, Pseudomonas, Rhodococcus, and Streptomyces, thrived in
the plastisphere of the Alpine and Arctic soils. In addition, Saccharimonadales (superphylum
Patescibacteria) was identified as a key taxon associated with PLA. The association of
Saccharibacteria with plastic has not been reported before, and pursuing this finding further
may shed light on the lifestyle of this obscure candidate phylum. Plastic addition affected fungal
taxa to a lesser extent since only few fungal genera such as Phlebia and Alternaria were
increased on the plastisphere. Our findings suggest that the soil microbiome can be
strongly influenced by plastic pollution in terrestrial cryoenvironments. Further research
is required to fully understand microbial colonization on plastic surfaces and the
biodegradation of plastic in soils.
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Some reading

Environment International
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A review on the occurrence and influence of
biodegradable microplastics in soil
ecosystems: Are biodegradable plastics
substitute or threat?

Ping Fan °° Hong Yu® & &, Beidou Xi ¢ ® & &, Wenbing Tan ®
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SUSTAIVBLE MATERIALS LAB extent deteriorate growth traits Velmalg, S.

View abstract ~ Full text at EPFL Library View at Publisher Related documents

|:| 4  Biodegradable plastics — Where to throw? A life cycle Mhaddolkar, N., Lodato, C., 2024 Waste Management . .
assessment of waste collection and management Tischberger-Aldrian, A., Vollprecht, 190, pp. 578-592 Seems /Ike we are .IUSt
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effects of
biodegradable plastics
on the soil microbiome

View abstract v Full text at EPFL Library View at Publisher Related documents
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-Protein-based
-Polypeptide-based
-Polysaccharide-based
-Biobased polyesters
-Polymers produced by

Bio-plastics
- Bio-PE
- Bio-PET

Biobased

microbes (e.g., PHB)
-Synthesized from bio-
derived monomers (&g

Non-biodegradable Polymers Biodegradable

Non-biobased

We are here for
the vast majority
of our commodity
plastics

Image from: Polymers 2021, 13(7):1105. doi

"L Are more options better? "

My somewhat controversial statement as head of
the “Sustainable Materials Lab”

* Less is more?

» Fewer options, select for performance and
recyclability (not biobased or biodegradable)

» Closed loop recycling

* Investment in recycling infrastructure

« Changing attitudes around recycling — maybe you
return to company for recycling, leaving the design
for recycling in their hands

* Incentivizing recycling

» Maybe biobased isn’t always better — only makes
sense when it gives us a possibility or functionality
that was not possible before... just being biobased
and biodegradable might not be enough...

 How will huge amount of biodegradable plastics
effect our microbial ecosystem?

: 10.3390/polym13071105.
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Plastic Based Products used
for interior decorations

https://doi.org/10.1016/j.jenvman.2023.119988

But this doesn’t solve microplastics

Discusses the present
ecotoxicology, mainly relates to
water as the main reservoir and
channel

Technologies for removing
plastics from the environment
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SUSTAINABLE MATERIALS LAB
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{ 3 L
Assess the levels of microplastic
pollution in water bodies, soil, and

other environments

Ban or Restriction on Microplastic
Ingredients
Personal care products, cleaning agents,
exfoliating scrubs and other consumer
products.

L i A

Plants
Adopt advanced filtration
technologies capable of capturing
microplastics

Regulations for Plastic Industry
Develop and use materials that release
fewer microplastics during production
and encouraging usage of. Plastic- .
Free Alternatives

(@]

Research and Innovation Funding

Allocate funds for research, Raise

public awareness, Offer incentives
to business innovations

Plastic Waste Reduction and Recycling
Targets
Setting specific targets for reducing plastic

consumption, increasing recycling rates, and

minimizing plastic waste leakage into the
environment.

Managing Strategies of Microplastics

Microplastic-Free Certification and
Eco-Labeling
Establish certification programs that
verify products as ‘microplastic-free to
encourage manufacturers

AR,

International Cooperation
Participate in international
agreements and initiatives aimed at
addressing plastic pollution

Pollution
%
Clean-Up Initiatives Legislation to Address Microfiber

Deposit-Return systems for plastic
bottles and containers
Removing plastic waste from beaches,
rivers, and oceans

Release
Create regulations that address the
release of microfibers from textiles
during washing

https://doi.org/10.1016/j.jenvman.2023.119988

Discusses managing
solutions but also how to
convert microplastics
into other value added
materials (see upcycling
©)
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https://doi.org/10.1016/j.scitotenv.2022.160953

Biofilm formation
rate on the surface
of microplastics

/ /

The characteristics
of microplastics

plastic

Factors Affecting Biofilm
Degradation of Microplastics

Analytical test methods for

Waluating microplastic degradation

Represen-
tational
Meaning
Test y -
Parameter A Limitation
i - -
-
Analytical
Test.Methods
- & &
Degradation ' Advantage
Effect !
Microplastic
Changes



“°- Takeaways (this was a lot)

= Plastics are so useful (and pretty stable)
= Our best bet — reduce, recycle, new materials?

= |n terms of recycling, closed loop is generally preferred (no upcycling or
downcycling)

= Mass balance — how companies market and sell recycled or other types
of “green” alternatives (it's considered legit)

= We can find alternatives that are biodegradable, recyclable, and/or bio
sourced — but not without challenges, let's not be naive

= Research — is being biobased and biodegradable enough?
= Microorganisms can be used to produce biodegradable plastics

= Microorganisms can also be used to bioremediate plastics pollution,
especially the problematic microplastics

B MSE 493
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