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Early Stage Researcher 7

Title: Development and evaluation of waste collection and sorting systems for
bioplastics.

Joint Doctorate Degree: Industrial secondments:

« Home University — Montanuniversitat : : :
Y m « Saubermacher Dienstleistungs AG, Austria.

Leoben (MUL), Chair of Waste MONTAN

UNIVERSITAT
Processing Technology and Waste =~ ™™ SWMW
Management.

« TOMRA Sorting GmbH, Germany.

N TOMRA

« Host Uni — Technical University of
Denmark (DTU), DTU Sustain.
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PhD research topic —
Introduction

Title: Development and evaluation of waste collection and sorting systems for
bioplastics.

Objective 1: Objective 2:

» Define source separation « Examine the sortability eco-
systems for future waste designed plastics and
streams and make proposals understand the influence of
for adaptation of existing Impurities and surface-active
collection systems. substances on sensors.
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PhD research topic —
Background about bioplastics

\re hi SRR Bio-based
Type 2 4. biob
: ; : ; : Type 1
Bioplastics : Bioplastics yp
e.g. Bio-based PE e.g. PLA, PHA,
PET PTT PBS, Starch blends
L] [ ] Not y
Three types Of bloplastlcs blodeg?adable ........................................ Biodegradable
Conventional Bioplastics
plastics e.g. PBAT, PCL
nearly all conven-
tional plastics
e.g. PE, PP, PET
Type 3
Fossil-based
Image Source: European Bioplastics, 2020
o
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Which biodegradable plastics

do | focus on in my PhD? nearlyal conven
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PhD research topic —

Background about bioplastics

Bio-based

Type 2
Bioplastics
e.g. Bio-based PE
PET, PTT

Not

biodegradable -+ +rrressersssserssss e

Conventional
plastics

tional plastics

e.g. PE, PP, PET

Fossil-based

Image Source: European Bioplastics, 2020

T 1
Bioplastics ype

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

Biodegradable

Bioplastics
e.g. PBAT, PCL



Challenges in biodegradable plastics waste management
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Review paper: Status
(Paper 1)

Is the European waste management industry ready for

N. Mhaddolkar; A. Tischberger-Aldrian

+ Bioplastics are 1% share of the total plastic production.

* Group 2 bioplastics share 35.8%

* Group 1 & 3 bioplastics share 64.2%

+ Total bioplastic market share envisaged to inerease
dynamically in future.

+ Wide application arca - 48% packaging,

Research que
I the existing waste mmmlp‘mcm infrastructure equipped to
handle the bioplast

aste?

Methodology:

ystematic literature review,
ScienceDirect databases.
244 papers related to bioplastic waste management were
referred.

Review paper to be published in a peer-reviewed journal

ing Google Scholar and

Waste
it sement « Confusion about where to coll
- + Biodegradable packaging waste to be
infrastructure § collected with light weight packaging or
+ Could be collected with the other light T residual waste.
weight packaging waste. + Certified g5 could be
disposed with biowaste.

« Chemically and physically similar to
conventional plastics - so, casily sorted.

+ Drop-in bioplastics.
+ Could be recycled in the existing
conventional plastic infrastructure.

ustainability of bioplastics could onlv bc acerued when
they have a proper waste managemer

+ Group 2 bioplastics could be n,ffwuu(.l» handled with the
conventional plastics' recycling scheme.

* Group 1 & 3 could be secn as contaminants for

conventional plastic recyclates & biowaste.

Current waste management infrastructure is not equipped

10 handle recycling of the biodegradable plastics influx,

and should develop to meet the expected rise in bioplastic

quantity.

M. Eng, Namrata, Mhoddolhar

Lehrstub fir Abfallverwertungsiechnik und Abfalhwirtschafi  E-Mail:

L e 7
ranc-Josef-Sirafe 18, 8700 Leoben, Osterreich

Phone rumber: +43 (0)38424025112

tharda ac.at
Webseite: Linkedin (Scan the QR Code)

* Different countries, different legislations.

* Variety of bioplastics available.
* Ideally could be sorted out; however,

Sorting ‘machines need to be taught with the new

materials,

Act as contaminants for the conventional
plastic recycling streams.
Biodegradability major attraction; how
depends on the biowaste treatment faci
acceptance & available infrastructure.
So far, majorly incinerated.

ver,

Status: In publication process
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NIR sorting of biodegradable plastics
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NIR sorting of PLA: Research questions
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NIR sorting of PLA:
Comparing PLA spectrum with spectra of seven conventional
plastics

!@ HDPE @ TPU
{Q PET @ PP

{© LDPE @ PVC
@ LLDPE @ PLA

Spectra after pre-processing (15 derivative,
smoothing and normalization)
<
——p
.

992 1024 1056 1088 1120 1152 1184 1216 1248 1280 1312 1344 1376 1408 1440 1472 1504 1536 1568 1600 1632 1644
Wavelength (nm)
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NIR sorting of PLA:
Comparing PLA spectrum with spectra of seven conventional
plastics

Range 1 | Range 2 Range 3

smoothing and normalization)

@ Conventional plastics
O PLA

992 1024 1056 1088 1120 1152 1184 1216 1248 1280 1312 1344 1376 1408 1440 1472 1504 1536 1568 1600 1632 1644
Wavelength (nm)

Spectra after pre-processing (15 derivative,
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NIR sorting of PLA:
How does a change in grade and thickness affect the PLA
spectrum?

Range 1 | Range 2 Range 3

| @ PLA_4043_1mm
| © PLA_4043_2mm
{ © PLA_Luminy L175_1mm
1 O PLA_Luiminy L175_2mm

Spectra after pre-processing
(1! derivative and smoothing) _

992 1024 1056 1088 1120 1152 1184 1216 1248 1280 1312 1344 1376 1408 1440 1472 1504 1536 1568 1600 1632 1644
Wavelength (nm)

L.
o C- PlaNeT 14

Ml]NTAN >~



NIR sorting of PLA:
Can PLA products be detected using arecipe made from virgin
PLA?

All were detected!
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NIR sorting of PLA:
Can PLA products be detected using arecipe made from virgin
PLA?

10 10 10 10 10 10 10 10 10 10

8 8
8
6
4
system & VIS Camera - 2
VIS light emitter r 1<\ , 0o 0

. Control unit Backlight = 20 Backlight = 15 Backlight = 10 Backlight =9 Backlight =5
) Backlight ‘ | ‘ Backlight values

. Air nozzle 11 O . 12 . mCup1 mCup?2 mContainer 2

10.Splitter

11.Not sorted out fraction
12.Sorted out fraction

1

2. Conveyer belt
3. Sample material
4. NIR light emitter

5. Hyperspectral imaging

Count of time product detected

© 0~
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NIR Sorting of PLA: Status
(Paper 2)

{Status: Published. }

NEAR-INFRARED IDENTIFICATION AND SORTING
OF POLYLACTIC ACID

4+ Namrata Mhaddolkar, Gerald Koinig and Daniel Vollprecht

66 Citeas ~ «¢ Share

Available online in Detritus - Volume 20 - September 2022 Pages 29-40

DOI 10.31025/2611-4135/2022.15216 (9)
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smoothing and normalization)

@ Conventional Plastics

Spectra after pre-processing (15t derivative,

108

Samples used:

LR 4

O PLA
@ PHB
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Industrial secondments:
Saubermacher Dienstleistungs AG (1)

What kind of biodegradable plastic products are found in the three waste
streams — packaging waste, biowaste, and residual waste in an Austrian urban

area?
* Visual identification method used for hand-sorting: Compostability labels and

PLA resin identification number (7).

® T
ROSHLLIP

S|

R oy =) &y
M INDUSTRIAL | 7 J HOME G% PLA

compostable
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Industrial secondments:
Saubermacher Dienstleistungs AG (2)

Results:

Packaging waste Biowaste Residual waste

79% 1% 1%

\ \

19%

= Supermarket
bags

= Dustbin bags

2% 23%

= Supermarket bags

= Supermarket
bags
= Dustbin bags

8%‘

11“/'

= Wood-fibre nets = Single-use rigid

containers (PLA)

= Labelless claim

= Compostable (greenwashing)

packaging 77%

o
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Industrial secondments:
TOMRA Sorting GmbH (1)

What kind of biodegradable plastic products are found in the three waste
streams — packaging waste, biowaste, and residual waste in a German urban
area?

Virgin biopolymers (Group 1) Biodegradable plastics sorted
used for identifying market- from 3 waste streams using
available biodegradable this NIR recipe, and rejects
plastic products (Group 2) were hand-sorted using visual
using FTIR Spectroscopy. identification method.

Database using these Group 1
and Group 2 plastics used for
training the NIR sorter at
TOMRA.
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Results:

Packaging waste

59, 2%

9% \\‘
R |

45%

4%

MWETE c C- PlaNeT

Industrial Secondments:

TOMRA Sorting GmbH (2)

= Supermarket
bags

= Dustbin bags

= Wood-fibre nets

= Single-use rigid
containers (PLA)

= Compostable
packaging

» L abelless claim
(greenwashing)

Biowaste

100%

29%

= Dustbin bag

Thus, indicating consumer

confusion!

23

Residual waste

43%

28%

= Supermarket bags

= Dustbin bags

= Wood-fibre nets
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Consumers confused:
Where to throw the compostable

]
Narmrata Mhatdol 1), Alexia Tischberger-Aldrian (MUi)
P a e r Background: Visual identification method:
+ Starting 17 January 2020, plastic bags were banned in .
Pt except o idesiadable ot z‘ é} b et

+ According to Austrian compost ordinance, certified
compostable dustbin bags could be thrown along with the -
biowaste

+ Waste sorting guidelines instruct: compostable plastic  |Research question:
packaging & bags to be disposed in lightweight packaging ' What kind of compostable plastics were found in the
or residual waste bin. lightweight packaging, organic, & residual waste in Austria?

Organic waste: Residual waste:

Obtaining samples:

Obtaining samples :

+ 27 samples from reject material + 27 samples from input material to = 27 samples from input material to
from plastic waste sorting facility, composting facility. residual waste handling facility.

*+ Samples collected from falling + The compost pile was divided into * Samples collected via quartering

conveyer belt. three parts based on length, and method.

Items foun samples were taken from each Items found:

* Supermarket carrier bags section. * Supermarket carrier bags
(majority), packaging for carrots, Items found: {majority), packaging nets from
packaging nets from wood-fibrefor  « Dustbin bags (majority), packaging wood-fibre for onions, dustbin
onions, and dustbin bags. for carrots, and supermarket carrier  bags, and take-away food

* No PLA material was found. bags. packaging from PLA material.

* Some bags without proper labelling  + No PLA material was found. * Some bags without proper labelling
were found. * Some bags without proper labelling  were found.

_ werefound.
Conclusion:
« Similar kinds of ics were found in all th streams,
although the quantities differed.
+ Even with labeling, consumers fou the
‘compostable plastics.
* Along iith clear n accepting

‘essential for the proper disposal of these plastics.
bio-based, bi

* Latest EU policy &
lastics (2022) that very li bags (& other 3 products)
ought to be ¥ possible) & other

plastics to be materially recycled (without affecting other streams).

Status: In publication process.
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LCA Model

(Paper 4).

{Status: Underwork }
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Effect of contamination on spectra

Status: Underwork
(Paper 5).
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Concluding remarks
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Next steps

1. Publishing the papers

Most scientista regarded the new streamlined
peer-review process s ‘guite an improvement.’

Image Source: blogsmedia.lse.ac.uk
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2. PhD Defense!

How it feels when you write your
PhD thesis &

Image Source: thephdhub.com



https://i0.wp.com/blogsmedia.lse.ac.uk/blogs.dir/9/files/2012/01/PeerReview-ACS.gif?w=444&ssl=1
https://thephdhub.com/top-phd-memes-of-2020/

Namrata Mhaddolkar

M.Eng.
Wissenschaftliche Mitarbeiterin

Telefon: +43 3842 / 402-5112
Mobil: +43 676 / 84 53 86-5112
Fax: +43 3842 / 402-5102

E-Mail: namrata.mhaddolkar@unileoben.ac.at

Vielen Dank!
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