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PROJECT - Production and Development of
Compostable Packaging from Waste
Biomass for the Packaging of
Industrially Processed Food Products
1. Production of PHA from secondary 2. Production of biodegradable and

generation biomass— agroindustrial
waste using solid state fermentation

*  Physical and cehmical
characterisation of waste

compostable packaging materials
Development of biofilms— PHA, PLA, TPS, PBS
*  Using compostable coatings
*  Biodegradable additives
Examine of produced biofilms:
*  Dbiodegradability
*  Ecotoxycity
*  Compostability

*  Examine pure and mixed culture
*  Examine different extractions
methods
*  Optimization of process via SmF and
SSF
PTFE
3

Podravka"

GRUPA

=

ROTOPLAST

L
& | ro mewn® @

b bopPHA-CcomFPack

Production and Development of
Compostable Packaging from Waste
Biomass for the Packaging of
Industrially Processed Food Products
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Kruzenje plastike

FKITMCMXIX

\
Linear o o ) " ~_ L 35“
plastic A é =» 5 — M-;w - | ’\

economy it Clmen. Plastic monomers Plastic wastes

Establishment of closed Carbon Loop
ecosystem using chemobiological
upcycling technology

b u’\O
WO~

Circular
plastic B:osugar
economy

Feedstocks

peycling Chemobiologica
depolymerization

- — 3 A
Biodegradable "' !'! Plastic | e \'\
plastic-based B waste-based [RIBEEY g
. arbon | — i rbon |
1. Plastic Biomass carbon loop Fermentation camboen iaop Plastic wastes
waste ¥ S ™
2. Greenhouse Biodegradable
gasesVv
Recalcitrant
3 Broplasnc \ -
\ /\ﬁ( Biopfastic
SR Pb Plastic wastesp Feedstocks
— Biomass p bloplastlcs ©- » (Recalcitrant) plastics
P . Recalcitrant Feedstocks
* » biomass antcr | T
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7% KruzZenje plastike
FKITMCMXIX
[ Without meaningful action, by 2040 municipal solid plastic The estimated revenue of the global plastic )
& waste is set to double, plastic leakage to the ocean is set industry amounted to about 1,722 billion Euros
to nearly triple and plastic stock in the ocean is set (= 2045 billion USD) in 2015, corresponding
to quadruple to about 3% of the global economy
(The Pew Charitable Trusts and (UNEP 2018).
SYSTEMIQ 2020). Minimising
negative S
% The circular economy helps avoid externalities of Global packaging is valued
@ the burning of plastic waste and plastic waste between $80-120 billion
therefore reduce the toxins USD per year,
released into the air when they are 95% n:rfn \;vhlc;lsslt?st v:o :he
burned (e.g. release of heavy metals eco as plastic waste
and brominated flame retardants when Circular Retaining which creates externalities
plastics in e-waste are burned (Sing et al plastics akia of of $40 billion USD annually
2020) and particulate matter). This could economy plastics to (Ellen MacArthur
help reduce air pollution and improve the global Foundation 2016).
Qealth (WHO 2013). y economy )

\

[Implementing the System Change
Scenario relative to business
as usual can:

® © &

Reduce & 70 billion USD cost to Reduce 55% Reduce 257 of greenhouse Create /00,000 jobs,
\governmen& between 2021-2040  in virgin plastic production gas emissions mainly in the Global South J
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Material
coordinate
system for
bioplastics
Bioplastics

are biobased,

biodegradable,
or both.

Source: Institute for Bioplastics and Biocomposites
(ifBB) and European Bioplastics (EUBP)

Plastika

Biobased feedstock

are are biodegradable
biobased : & biobased

Bioplastics Bioplastics

e.g. Biobased PE,
PEF, PET, PTT

e.g. PLA, PHA,
PBS, Starch
blends

Not
biodegradable ..:iieciiiiiiiiiiin T T ——TTT e Biodegradable
Conventional Bioplastics
plastics
e.g. PBAT, PCL are
nearly all blodegradable

conventional
plastics e.g. PE, PP,
PET, PMMA, PVC

Fossil-based feedstock © European Bioplastics
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Global production capacities of bioplastics 2024

Biobased, non-biodegradable

43.7%
B PA 144%
Bl P 132%
0% Total:
PE 11.0%
2.47
PET 27% million
tonnes
PP 06% /‘l
f/
'?
B PEF* 0.0%
APC 1.7%
APC  Aliphatic Polycarbonates PBS Polybutylene Succinate
cP Casein Polymers and Copolymers
CR Cellulose Regenerates PE Polyethylene
PA Polyamides PEF  Polyethylene Furanoate

PET

PTT
SCPC Starch Containing Polymer Compounds

Biobased, biodegradable
56.3%

B 37.1%PLA
6.7% SCPC
4.6% PBAT
B 41% PHA
Il 33% CR
1.3% PBS

B o02% cP

Polyhydroxyalkanoates
Polylactic Acid
Polypropylene
Polytrimethylene Terephthalate

Global production capacities

of bioplastics

187% 17.0%

2023 2028

NORTH AMERICA

13.0%
SOUTH l 3.9%
AMERICA |
2023 2028

Source: European Bioplastics,
nova-institute (2023}

71.5%
55.3%
12.8%
7.3%
2023 2028 ASIA
EUROPE
2023 2028
02% 03% AUSTRALIA/
2023 208 OCEANIA

* PEF available at commercial scalo as of 2024
Source: European Bioplastics, nova-institute (2024)

Bioplastika

Global production capacities of bioplastics 2029

Biobased, non-biodegradable Biobased, biodegradable

34.0% 66.0%
N P 75% B 423%PLA
B T 69% ‘ 24% SCPC
Total:
PE  89% 2.0% PBAT
5.73
PET 1.1% million Bl 17.0% PHA
PP 85% B 15% CR
BN PEF* 03% 0.6% PBS
APC 0.8% B o02% cP
APG  Aliphatic Polycarbonates PBS  Polybutylene Succinate PHA  Polyhydroxyalkanoates
CP  Casein Polymers and Copolymers PLA  Palylactic Acid
CR Gellulose Regenerates: PE Polyethylene PP Polypropylene
PA Polyamides PEF  Polyethylene Furanocate PTT  Polytrimethylene Terephthalate
PBAT lip: PET SCPC Starch Containing Polymer Compounds

Global production capacities of bioplastics
2024 (market segments by polymers)

Total capacities
(all regions)

7.43

milfon tornes

218

millon tornes

2023 2028

in 1,000 tonnes
10
Biobased, non-biodegadabla  Biabosed, biodegadabie
PET PBAT
PE | PBs
- e e s
) s
PP scre a7
. e M
APc [ a2
_
1208
3.0
730
- . - . .
—
Oers  Functionl  Eleciicsd  Agriculired  Auiomotve  Comsumer Fibres Rigid Flesibie
fooslings & sleciromica  horliculiure & ransport goods  oclwown  packaging  packeging

* PEF available at commercial scale as of 2024
Source: European Bioplastics, nova-institute (2024)

Souce: Eurcoan Blopinatics,
vt (2024)
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First-Generation Second-Generation Third-Generation Fourth-Generation

B = g 11

v

Edible biomass Non-edible biomass Algal biomass Electrical driven
Sugar beet, wheat, corn, Miscanthus, switchgrass, rice Microalgae, macroalgae Polarized electrodes as
potatoes, canola straw, rice husk, saw dust, electron source

municipal waste, animal
by-product streams

\ Y J l

There is a clear trend in research showing a Potential problems: the economic feasibility of
shift to second-generation feedstock usage, microalgae production, such as difficult culture
due to concerns about available quantities conditions, high contamination risks, complex
and food prices. cleaning processes as well as low cell densities and
High abundances of second-generation productivities

8 feedstocks and lower market competition

lead to lower prices.



m')
C A

FKITMCMXIX

Hydrolysis

o« Simple fermentable
sugars

PHAs capable of
biodegrading in any
environment

e
>

J

Lignin removal

= \

PHA granules
.7 (,carbonosomes”)

Bioreactor 0

Nk ¢
n
H X

PHA-rich microbial cell

X: Degree of pol ization (number of

R: side chain of monomers

n: Number of methylene groups in ‘st

*: Assymetric carbon atom of most monomers (exeption: 4HB)
3-hydroxybutyrate  (3HB) R=CH; n=1  (sc-PHA)
3-hydroxyvalerate (3HV)  R=CHs =1 (scl-PHA)

4hydrogbutyrate  (4H8)  R=H =2 (schPHA; achiral) PHA structure
3-hydroxyhexanoate  (3HHX)  R=CiHy 1 (mcl-PHA)

3-hydroxyoctanoate  (3HO)  R=CsHy 1 (mcl-PHA)

Polihidroksialkanoati

Polyhydroxyalkanoates polyesters are
synthesized and accumulated in
various microorganisms,  usually
when entering the stationary phase of
growth.

PHAs form intracellular inclusions
and can be synthesized to store carbon
and energy, and can reach 80% of cell
weight.

They are synthesized intracellularly as
insoluble cytoplasmic inclusions in the
presence of excess carbon, when other
essential nutrients such as oxygen,
phosphorus, or nitrogen are limited.
These polymeric materials may be stored
at high concentrations inside the cell,
since it does not substantially alter its
osmotic state.
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Polihidroksialkanoati

PHA
granules

3HD ' 3HDD
|

sc/-PHA mcl-PHA

10



Fermentacya
FKITMCMXIX
Agro-industrial Agro-industrial *
by-products “ by-products
Submerged medium Solid medium

(C) Solid-state fermentation variations in PHA production

PHA production step by
solid state fermentation or
submerged fermentation
Hydrolysis stage ofthe |
agro-industrial by-product —
by solid-state fermentation (D)

| / @ —  PHA

Hydrolyzate is Solid medium

— usedas a |
Agro-industrial substrate forthe _—

by-products Solid medium production of PHA

11 (E) Submerged medium|

— PHA
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Schematic Representation of Polyhydroxyalkanoates

(PHA) Production
2 . Screening of PHA 3 Shake flask 4 Optimization of
1 Bacterial isolation producing bacteria fermentation growth conditions
23 @ e
R ) A— A — (&Y
100 o / : % &R
oo o ‘- 5 =
Large-scale Extraction and PH
5/ fermentation ) purification 7) Bxactsd PHA 8 PHA products

12
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Proizvodnja PHA - SmF

FTIR-ATR
p ‘ : TGA
Dry cell weight (DCW) DSC

after centrifugation

- Obtained PHA extracts
Extraction with bOlllI'lg chloroform from chloroform Phase
and 4% sodiumhypochlorite
solution

Funded by
the European Union >
Ly aeutvyof Chemieat

13 Thisresearchwas conducted as part of the project ,,Production and development of compostable packaging fromwaste biomass for O indecningrmdbecmcon
the packaging of industrially processed food products” (NPOO.C3.2.R3-11 .04.0059) funded by National Recovery and Resilience PTE  podravka? , &

Plan (funded by the European Union, NextGenerationEU).



P. putida (P1-1)

6
Y Ls -
- 3,
FKITMCMXIX 3 .
le
0
0 1 2 3
100 rid
” C. necator (P2-1)
v 10
. 9
8
— ) - 6
& v S .
—— ; | T
30 S e
o ; Activity 2.2. Pretreatment of . 1
Activity 2.1. Evaluating the . N - 0
PHA production capability of trang““"dt“‘“d‘e- ultrasonic °, 1 , .
isolated bacteria and fungi eatmentand using enzymes .
and determining the most (ViscozymeL) P. putida Coccator | Poocrginoss  B.cerews  Mixed culture td
efficient strains ¢ P . ®31)
> aeruginosa (P3-
v Activity 2.3. Evaluation of "
Activity 2.1.1. Investigating biotechnological processes for 9
the influential factors (T, conc. PHA extrac_llon from :
of NaCl, conc. of glucose, pH, pretreated agrifood wastes 26
OD) on PHA praduction using <] 5 .
a full factorial plan (FFP) c ¢ .
s S e
Activity 2.4, Extraction § 2
l — and prurification of PHA i é
Activity 2.1.2. Determination 0 ! : :
of optimal conditions for PHA t/d
production using FFP and the Activity 2.5. )
response surface method Characterization of PHA and Bacillus cereus (P4-1)
other biopolymer blends S 18
8
26
|G
o 4 .
e
1
0
. . o 0 1 2 3
Optimized conditions »
SmF V.. =25L _
bioreactor Mixed culture (P5-1)
10
9
8
L6
T
ar . 5 4 .
vOQ : .
14 PTE Podravka ROTSIAST : *
0
Financira 0 1 2 3

This rescerch was conducted as part of the project . Production and development of compostable packsging from waste biomass for the packeging of industrially

Europshaunia processed food products” (NPOG.C3,2.R3-IL.04.0058) funded by Nations! ecovory and Resilicnce Plan (funded by the Europeen Union, NextGenerationEL).

MNextGenerationEU

r/d

w



b bopHA-comFPack

FKITMCMXIX

Funded by
the European Union

This research was conducted as part of the project ,, Production and development of compostable packaging from waste biomass for
15 the packaging of industrially processed food products” (NPOO.C3.2.R3-11 .04.0059) funded by National Recovery and Resilience
Plan (funded by the European Union, NextGenerationEU). PTE  Podravka”

ROTOPLAST
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Proizvodnja PHA - SSF

Faculty of Chemical
Engincering and Technology

‘.’ University of Zagreb
7%

in

PTE  Podravka?

ROTOPLAST

Isolation of
microorganisms

|

I Substrates

Identification of
microorganisms

Solid - state fermentation (SSF) and
extraction and purification of PHA

Characterization od PHA

+  Bacteria _—

Shredded
starch

Shredded
chickpea
(chickpea 1)

= Gram staining

+ Sudan black staining

+ KOHtest

= Biochemicaltests: catalase, oxidase
and nitrate-reductase tests

* AP|Strips

+ Sudan black staining
+ API20 Caux

Shredded
chickpea with
bean residues - Fungi
{chickpea 2)
Yeast —M
Agroindustrial waste

Cucumbers Beets

Beans \pple Plum

Financira
1 6 Europska unija
NextGenerationEL

This research was conducted as part of the project ,Production and development of compostable packeging from waste biomass for the packaging of industrially
processed food products” (NPOO.C3.2.R3-11 .04.0058) funded by National Recovery and Resilience Plan ifunded by the Eurspesn Union, NexiGnerationtU).

The SSF was performed for 7 days at room temperature
The SSF was carried out for:

starch

chickpea 1

chickpea 2

mixture of starch, chickpea 1 and chickpea 2
sterilised mixture of starch, chickpea 1and
chickpea 2

to 100 g of each substrate and mixture, 10 mL of
suspension of mixed culture was added

to 100 g of sterilised mixture of starch, chickpea 1 and
chickpea 2, 10 mL of Cupriavidus necator suspension
was added

L R

After S5F, the substrates were centrifuged and dry cell
weight (DCW) was determined

Extraction and purification of PHA was performed with
chloroform and 4% sedium hypochlorite

« FTIR-ATR spectroscopy
» wavelenght range: 4000 - 650 cm”

= DSC
» 5-7mg of samples
* 5cycles of heating and cooling

+ TGA
# 5-7mg of samples
» 40-700°C

WORKSHOP

Advancing Research

and Innovation and Promoting
Cooperation in Circular Economy
Solutions Using Algal Biotechnology

February 10* — 11*, 2025, Zagreb, Croatia
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ROTOPLAST

—
Isolation of Sudan Black
pure cultures staining

IDENTIFICATION

Biochemical tests Figure 2. Obtained pure cultures by streaking method, cultures stained with Sudan Black dye, and
microphotographs of Gram staining of bacteria isolates Brevibacillus sp. (A,A1,A2), Empedobacter
brevis; (B,B1,B2), inibaci ilyticus; (C,C1,C2), Mi spp-; (D,D1,D2), Leuconostoc

; API strip tests sp; (EELE2), Bacillus licheniformis; (F,F1,F2), Staphylococcus lentus; (G,G1,G2), Citrobacter freundii;
o (H,H1,H2), M = 1000x.
Gram staining
S e
Substrate Identified Microorganism Morphology
sp. with ion, and regular round configuration, rod shaped
Chickpea 1 Empedobacter brevis Orange with flat elevation, and regular round configuration, rod shaped
Aneurinibacillus aneurinilyticus  Brownish with raised elevation, and regular round configuration, rod shaped
Micrococcus spp. Orange with flat elevation, and regular round round
Chickpea 2 shaped (cocei)
Trichosporen asahii White and cracked in the middle with smooth and shiny edges
Leuconostoc sp. ‘White with flat elevation, and regular round configuration, cocei /coecobacilli
Bacillus licheniformis White with raised elevation, wavy and smooth edges, rod shaped Figure 3. Obtained pure cultures by streaking method, cultures stained with Sudan Black dye, and
Starch R Transparent with raised elevation, and regular round configuration, round mlcn)‘phmogmp!m“ol yeast isolates 'I.‘n:hos;fo.ron asahii (A,A1,A2), Cryptococcus humicola; (B,B1,B2),
ped (cocei) Geotrichum klebahnii; (C,C1,C2), Candida krusei; (D,D1,D2), M = 400 ..
Citrobacter freundii Transparent with raised mva':;n; ;\r:;g\duar shape with twisted edges,
Cryptococcus humicola Yellowish with raised elevation, round shape with jagged edges
Geotrichum kiebalnit ‘White with flat elevation, filamentous shape with jagged edges Identified Bacteria ~ Gram Staining KOH Test Oxidase Catalase Nitrate-Reductase
Candida krusei White with raised elevation, and regular round i Brevibucillus sp. e + + + +
Empedobacter brevis -ve + + = + -
Aneurinibacillus
aneurinilyticus e * N N -
Micrococeus spp. +ve + = + +/=
Leuconostor sp. e - - - -
Bacillus licheniformis +ve - - + *
Staphylococeus lentus +ve - - + +
FundEd by Cﬁmbf‘mrtcrﬁrundﬁ -ve - - * +

the European Union

17

This research was conducted as part of the project ,, Production and development of compostable packaging from waste biomass for
the packaging of industrially processed food products” (NPOO.C3.2.R3-11 .04.0059) funded by National Recovery and Resilience
Plan (funded by the European Union, NextGenerationEU).
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Characteristic funcional groups of PHA obtained by FTIR-ATR

‘.’ University of Zagreb

Faculty of Chemieal
@ W  Engincering and Technology

IV

PTE Podravka?

chora ROTOPLAST

Accumulation of PHA obtained by 5 substrates

18 -

This research was conducted as part of the project , Production and development of compostable packaging from waste biomass for
the packaging of industrially processed food products” (NPOO.C3.2.R3-11 .04.0059) funded by National Recovery and Resilience

spectroscopy.
-OH C-H c=0 -CH, c-c
Sampla bond hing hing bending stretching
2018 1019
Chickpea1 3282 2850 1708 1264 873
2019 1006
Chickpea 2 328 2850 ! ! 872
2950 995
Starch 3303 28920 1713 1246 259
2856 1076
Mixture 3290 2920 1711 1267 1018
2853 i/
2852 1074
Mixture + C. necator 328 2920 1711 1268 1018
2845 i/
Funded by

the European Union

Plan (funded by the European Union, NextGenerationEU).

after 7 days of SSF.

Sample PHA accumulation / %
Chickpea 1 5.42
Chickpea 2 13.81

Starch 5.29

Mixture 4.09

Mixture + C. necator 6.30




Ny A Proizvodnja biorazgradljive 1 kompostabilne
Sy ambalaZe

FKITMCMXIX

PHA Films, 100 um

_ Addition of compostable
ﬁ’; «_ﬁ “:A b i coatings

il

‘.’ University of Zagreb

Faculty of Chemical

‘ ‘ Engincering and Technology

Funded by PRITMCMXN
1 9 the European Union o a
This research was conducted as part of the project ,, Production and development of compostable packaging from waste biomass for P’IE Podra\!!sg ROTOPLAST
the packaging of industrially processed food products” (NPOO.C3.2.R3-11 .04.0059) funded by National Recovery and Resilience

Plan (funded by the European Union, NextGenerationEU).




DOBIVANJE FILMOVA

The Brabender Univex is a
universally applicable
downstream device for draw-
off, cooling and winding of
flat films with film speeds up
to 30 m/min.

‘.’ University of Zagreb
A & hemical

Faculty ¢ Tk
Finaneira . : 5 : : @ O  Engincering and Technology
Europsks I.II'I“I This fescarch Was conducted as part of the project , Production and Erientl o comp kaging from waste Biomass for the packaging of industrially
N axlgenaranonEU processed food products” (NPOO.C3.2.R3-11.04.0059) funded by Mationsl Recovery and Resiliznce Plan (fundsd by the Eurspean Union, NexiGenerationEL). s

PTE  Podravka? Q
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PI‘E pOdraVkao ROT(BAST

DOBIVANJE FILMOVA

Funded by
the European Union
This researchwas conducted as part of the project , Production and development of compostable packaging from waste biomass for

the packaging of industrially processed food products” (NPOO.C3.2.R3-11 .04.0059) funded by National Recovery and Resilience

Plan (funded by the European Union, NextGenerationEU).
21
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ODREDIVANJE BIORAZGRADLJIVOSTI

FKITMCMXIX
Compostable plastics Test methods ‘ Certifications
1. Biodegradation 2. Disintegration 3. Ecotoxicity Recultsiom
ISO 14855 1SO 16929 & tieauyimetalitest third-party testing
ASTM D5338 lab
Disintegration
J Test material: Test material: Test material:
cryogenically ground Formulated article Formulated article
5 e A0 polymeric powder in a pilot compost in a pilot compost
i J
@ &
v Test: Test: Test:
CO: evaluation 2 mm sieve test Chemical
|4 or oxygen characteristic
Ecologlcal‘@ mﬁ‘;’,‘;‘,’i'fgﬁon consumption and plant growth
ificati :
COz2 + H20 + Cbiomass Four test methods combined as EN 13432/ ASTM D6400/ ISO 17088 dc,?f:'rﬁ?;t:};%; Eﬁgf;"s e

ISO 17556:2019 ISO 14852:2021

Plastics — Determination of the ultimate Determination of the ultimate aerobic

aerobic  biodegradability of plastic biodegradability of plastic materials in

materials in soil by measuring the oxygen an aqueous medium — Method by

demand in a respirometer or the amount analysis of evolved carbon dioxide

of carbon dioxide evolved

- rhuenngot:)ian Union ‘.’ 1‘ e )
22 This researchwas conducted as part of the project , Production and development of compostable packaging from waste biomass for bl g gk g

9

the packaging of industrially processed food products” (NPOO.C3.2.R3-11 .04.0059) funded by National Recovery and Resilience
Plan (funded by the European Union, NextGenerationEU). P I F Podravka
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NOTES
. proven biodegradability

~=. proven biodegradability
—— Under certain conditions
= Or for certain grades

biodegradability not proven

The biodegradability of plastics derived from
these biodegradable polymers can only be
guaranteed if all additives and (organic) fillers
are biodegradable, too. Dying and finishing of
cellulosic fibres, for example, may prevent their
biodegradation in the environment.

Biodegradability depends on the complex
biogeochemical conditions at each testing site
(e.g. temperature, available nutrients and
oxygen, microbial activity, etc.). Therefore,
these generalised claims about biodegradation
can only serve as approximations and need to
be confirmed by standardised testing under lab
conditions. In-situ behaviour can vary,
depending on the mentioned conditions, size of
the plastic, grade of the polymer and other
factors. For instance, biodegradation testing is
often performed after milling, showing the
inh in
reality, the same level of biodegradation will be
obtained, be it possibly within a different
timeframe.

* PLAIs only likely to be biodegradable in
thermophilic anaerobic digestion at
tomporaturos of 52°C.

= in home and in
s0il of PBAT is only proven for cortain
polymer grades.

3 Complete biodegradation of materials with a
high lignin content is not easily measurable
with standard biodegradation tests, but
does take place (siowly). Instead of CO,,
especially humus is produced by the
biodegradation of lignin-rich materials.

“ The biodegradation of CA in all
environments is only proven for certain
polymer grades.

* incl. P3HB, P4HB, P3HBAHB, P3HB3HY,
P3HB3HVAHY, P3HB3Hx, PIHB3HO,
P3HB3HD
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and Copolymers'’
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ODREDIVANJE BIORAZGRADLJIVOSTI
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(DN Cellulose": .‘ :
:(“ Acetate @
and other

—
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b bopPHA-ComFPack

ENVIRONMENTS

Details on test conditions
and, if available, applicable
pass/fail criteria.

/e 2\ MARINE ENVIRONMENT
Temperature 30°C,
90% biodegradation within
a maximum of 6 months.
(Certification: TOV AUSTRIA OK
biodegradable MARINE (ISO under
preparation))

/\ FRESH WATER
Temperature 21°C,
, 90% biodegradation within

a maximum of 56 days
(Certification: TUV AUSTRIA OK
biodegradable WATER)

SoIL
Temperature 25°C,

v v 90% biodegradation within
a maximum of 2 years

(Certification: TOV AUSTRIA OK

9_

biodegradable SOIL; DIN Certco
DIN-Gepriift biodegradable in soif)

HOME COMPOSTING
Temperature 28°C,

90% biodegradation within

a maximum of 12 months (Certification:
TOV AUSTRIA OK compost HOME; DIN
Certco DIN-Geprift Home
Compostable)

@
||
-
T\ LANDFILL
.‘ No standard specifications or
certification scheme available,
@  since this is not a proferred
| ond-of-life option
ANAEROBIC DIGESTION
“E. \ Termophilic 52°C / mesophilic 37°C;
BT/ standard specification not yet
@ available, but 90% generally
considered as completely
' biodegradable

INDUSTRIAL COMPOSTING
Temperature 58°C,
M|/ 30% biodegradation within
@ 2 maximum of 6 months

(Standard: EN 13432)
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The edges of the material have
Regular edges been degraded by microorganisms.

Visible cracks are

discernible within the
film.
4

Before biodegradation After 7 days of biodegradation After 7 days of biodegradation Siccphoopmph - palainzing
TPS_SL/PLA 60/40 g —— — wahed with water and 70% of optical microscope 400 x
TPS_SL/PLA 60/40 ethanol

Polarazing optical microscope

Funded by
the European Union

This research was conducted as part of the project ,,Production and development of compostable packaging from waste biomass for
the packaging of industrially processed food products” (NPOO.C3.2.R3-11 .04.0059) funded by National Recovery and Resilience

2 ; . .
6 Plan (funded by the European Union, NextGenerationEU).
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Adiaboti ; I decomposition —q )
13 Ic 70 < i Thermophillic phase :'_ Maturation ———
i $
reactor \- 65 . i Bacteria,
' ! fungi, and
60 : ! gi,
i ! higher
Pt B5ial * ) organisms
Graduated i
H O 50 8
‘ cylinder 2 & i
_______ g 454.=c § e
g p | Mesophillic temperature '
2. 40 :
5 ! :
4 % H:BO: Eiged) & ! :
Q ! -
v 30 s ! !
s :
25 53 ! 4
§ 1 1 Stable and
204 & 1 Bacteria, fungi, i mature compost
i‘ H actinomycetes '
_ 1 M NaOH 15 - :
5 Composting time
Compost substrate; before
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Compost substrate; after
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% Germination = number of
germinated seeds in
contaminated test soil / number of
germinated
seeds in control 100

1SO 18763:2016 Soil quality — Determination of the toxic effects of pollutants on

29 germination and early growth of higher plants
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;E; e ] Certifikat za kompostabilnost materijala

Australia / NZ USA

®
COMPOSTABLE

IN INDUSTRIAL FACILITIES
Orn - -—..-:--v

Compostable

AS 4736
ABAP 10006

Australasian
Bioplastics DIN CERTCO TUV Austria DIN CERTCO DIN CERTCO

Association / DIN
CERTCO

ASTM D
AS 4736 EN 13432 EN 13432 EN 13432 6400 OR 6868

Funded by
the European Union
This research was conducted as part of the project ,, Production and development of compostable packaging from waste biomass for

30 the packaging of industrially processed food products” (NPOO.C3.2.R3-11 .04.0059) funded by National Recovery and Resilience
Plan (funded by the European Union, NextGenerationEU).
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System perspective: LCA of Bio-based vs
conventional plastics

7

-4
4
4

Projects’ contribution to EU policies

4

Assessment of bio-based plastics vs
conventional ones

Ensure feedstock sustainability for
bio-based plastics

Compostable and bicdegradable plastics
vs. conventional ones

Impacts on society (e.g. health) and
environment along the life cycle

Limit the use of biodegradable plastics in the open

environment to specific applications for which
reduction, reuse. and recycling are not feasible .
Projects’ point of view.

What role for biobased and biodegradable plastics in
reaching the 2030 targets of the EU Zero Pollution

Action Plan

Recommendations and research data from projects to

support EU policies

How to shorten the gap between projects’ outcomes

and policies?

Challenges

By Glaukos/FVA - New Media Research

Challenges

End-of-Life options (biodegradability,
ecotoxicity, recyclability, leakage, etc.)

4

-4
4
4

Complexity of the biodegradation processes in
open environment {(e.g. marine environment)

Measurements, metrics and standards for the
biodegradation in the open environment

Safety / toxicity issues lincluding use of
additives in biodegradable plastics)

Recyclability of bio-based plastics [(e.g.
creation of value chain, market volumes)

Raising awareness,

stakeholder

engagement, collaboration and
coordination
4 Scientific knowfedge transfer to rejevant actors

4
4
4

(policymakers, ndustry and society)
Connect initiatives at local, national, and EU level

Mobilize citizens and society for the scale-up of
solutions (from niche to norm)

End-users’ behaviour and impacts of bio-based
and biodegradable plastics (e.g. awareness,
acceptance, unintentional and mismanaged
disposal)
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