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Introduction to C-PlaNeT Project

e Circular Plastics Network for
Training (C-PlaNeT).

e 8 Universities, 20 Industrial
Partners.

e Duration: 01.01.2020 —
31.12.2023.

« 15 Early Stage Researchers
(ESRs) — Including this
presenter (ESR 7)

Image Source: Annex 1 to the Grant Agreement - 859885 -C-PlaNeT_(Description of the Action) Part B
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Introduction to ESR 7

Title: Development and evaluation of _

waste collection and sorting systems
for bioplastics.

Aim: Investigate the recyclability of
bioplastics and improve their capture
from the plastic waste stream
through waste collection and sorting.

C el m

Existing infrastructure, to
develop new source
separation concepts and
to evaluate their impact
on logistic and sorting
efficiency of bioplastics.

Dependence of the
sorting technology
focused on sensor-based
sorting and material
impurities on the
collection system.
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Background: What are Bioplastics?

* Bioplastics — 3 main groups
Bioplastics Bioplastics GI’OUp 1

= DI DL A
e.g. PLA, PHA

= y
DR tnrvch hi

* 1% share in plastic produced!? - Group 2
growing dynamically?

P9 L AV Al ¥
o

DT e
PET PTI

° Largest biOplastiCS market Share: blodez:;tdable ........................................ Blodegradable
drop-ln pIaSUCS Conventional Bioplastics

plastics : e.g. PBAT. PCI

I Y S
nearly all conven

* 53% share of packaging 5
applications?® Group 3

Fossil-based
1 European Bioplastics, 2018; 2 Briassoulis et al. 2020; 3 European Bioplastics, 2020 Image Source: European Bioplastics, 2020
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Paper:
Analysing use of NIR sorting technology for capture of
bioplastics
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Aim & Background

Aim: To analyse the use of NIR sorting technology for PLA material.

Background
« Many NIR analyses conducted with PLA & PET?.

* Another analysis successfully sorted out PLA cups from mixed plastic
sample (HDPE, PP, PET, PS)-.

 Effect of material thickness on the absorption was demonstrated by
another analysis3.

1 Niaounakis, 2019; Muller et al., 2014; Cao and Sharma, 2013
2Chen et al. 2021;
3Masoumi et al., 2012
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Research Questions
Research Questions:

. Lehrstuhl fir Abfallverwertungstechnik und Abfallwirtschaft V‘AVW
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Equipment Used (2)
NIR Sorting Set-up in MUL
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Equipment Used (1)
NIR Sorting Set-up in MUL

UO:”..

2 >

Creating arecipe Legend

: . . Chute
- basically, teaching the sorter the . Conveyer belt
material

. Sample material
. NIR light emitter
. Hyperspectral imaging

. system & VIS Camera
Sorting the waste VIS light emitter
- created recipe is tested

b wN -

. Control unit

. Backlight

. Air nozzle

10.Splitter

11.Not sorted out fraction
12.Sorted out fraction

C cranel m 11 oW

uuuuuuuuuuuuuuuuuuuuuuuu

© 0 ~No®




Experiment 1 — Samples

Comparing spectra of seven conventional plastics with virgin PLA (L175_1mm).

HDPE

TPO

——
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Experiment 1 — Results (1)
Conventional Plastics v/s PLA
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Experiment 1 — Results (2)
Conventional Plastics v/s PLA
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Experiment 1 — Results (3)
PET v/s PLA
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Experiment 2 - Samples

Comparing spectra of two grades
of PLA—1 mm & 2 mm thickness
each

« PLAL175 - Luminy® L175,
manufactured by Total Corbion.

« PLA 4043 - Ingeo™ Biopolymer
4043D, manufactured by
NatureWorks.

__ Lehrstuhl fur Abfallverwertungstechnik und Abfallwirtschaft V‘Avw
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Experiment 2 — Results

Comparison between different grades and thickness of PLA
Range 1 Range 2 Range 3

“1 ) PLA_4043_1imm
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Experiment 3 — Samples

3D Print Lab Samples

Packaging Product Company Samples

Yellow Face White
Shield Design

Samples from Restaurant and Private
Collection

Cutlery 1 Container 2 Cutlery 2 oo
Knife Spoon Lid- Green Bottle
Container- Opener
Takeaway
Lehrstuhl fiir Abfall tungstechnik und Abfallwirtschaft TN}
o C-PlaNeT - oAU R A Lo - ehrstuhl fur Abfallverwertungstechnik un allwirtscha L‘AAVW
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Experiment 3 — Results (1)
Comparison between virgin PLA and Lid-Cup 1 product spectra
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Experiment 3 — Results (2)
Comparison between PLA sample product and virgin PLA spectra

7

. 6
)
O ) )
5 S
g 4 4 4 4
o 4
= - 3 3 3 3 3 3
° 2 2
c 2
o 1 1I 1 1 1
. i |

0

A B C H | J
10 selected regions for analyses
m Different shape of spectrum  ®mMatch  ®Wavelength Shift
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Experiment 3 — Results (3)
Testing ejection of PLA product samples using virgin PLA recipe
@ 20 % backlight intensity

Experiment | (Sequence) Experiment Il (Product repetition)

Green bottle opener Green bottle opener

]
White design White design I—
n
@ Yellow face shield $ Yellow face shield I
- =
& Lid container _takeaway I o  Lid container _takeaway I
@©
n Cutlery 2_Spoon I % Cutlery 2_Spoon IE—
+ n
g Container 2| IO — (S Container 2 | IO —
ke
o Cutlery 1_Knife II— % Cutlery 1_Knife I
o 2
< Cup 2| IS —— = Cup 2 | | N A —
i Cup 1| I — 3 Cup 1| 2.
Lid cup 1 [— o Lid cup 1
0 2 4 6 8 10 0 2 4 6 8 10
mYES ®mNO  Count of times product detected "YES®ENO Count of times product was detected
c Q:Fflé}lN:eT m MONTANUNIVERSITAT LEOBEN 25 Lehrstuhl furAbfallverwertungstechmkNund Abf?/lllr\]/w;tzcl:l(aft V‘AVW
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Experiment 3 — Results (4)
Sample Outcome @ 20 % backlight intensity

PLA Products

False colour images

Container 2
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c
O
=
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o
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Experiment 3 — Results (5)
Effect of backlight intensity on transparent PLA product ejection

12
10 10 10 10 /10 10 10 \ 10 10 10
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O 8 8
Q
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©
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e
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© 0 0 0
c 0
§ Backlight = 20 Backlight = 15 Backlight = 10 Backllght = Backlight =5

Backlight values
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Conclusion (1)
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PLA has a distinct spectrum than HDPE, PET, LDPE, LLDPE,
TPU, PP, and PVC
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Conclusion (3)
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Varying intensities, no observed shift in the wavelengths.

) PLA_4043_1imm
= @ PLA_4043_2mm
@ PLA_Luminy L175_1mm
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Conclusion (3)
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Comparing spectra of PLA products & virgin PLA
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Conclusion (4)
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Any other factors affecting PLA detection/ejection?

12 _\

10 10 10 10 /10 10 10 \ 10 10 10
- 10
Q
O 8 8
(D]
2 8
©
© 6
©
@]
o 4
e
= 2
© 0 O 0
c O
§ Backlight = 20 Backlight = 15 Backlight = 10 Backllght = Backlight =5

Backlight values

ECupl mCup2 mContainer 2
p p Lehrstuhl fur Abfallverwertungstechnik und Abfallwirtschaft r‘Avw

c C-PlaNeT rrl MONTANUNIVERSITAT LEOBEN 32
Nl T Namrata Mhaddolkar Abfaliverwertungstecun



References (1)

» Alaerts, L., Augustinus, M., & van Acker, K. (2018). Impact of bio-based plastics on current recycling of plastics. Sustainability, 10(5), 1487.
https://doi.org/10.3390/su10051487

« biofutura. (2021, May 27). Cpla material | bio futura - sustainable. https://www.biofutura.com/en/materials/cpla

» Bioplastics News (2017): Separate Recycling Streams for Biodegradable Plastics — A Hot Waste Legislation Topic in Europe. Available online at
https://bioplasticsnews.com/2017/10/10/recycling-streams-biodegradable-plastics-waste-legislation-europe/?subscribe=success#blog_subscription-4,
updated on 8/16/2019, checked on 1/15/2021.

« Briassoulis, Demetres; Pikasi, Anastasia; Hiskakis, Miltiadis (2020): Recirculation potential of post-consumer /industrial bio-based plastics through
mechanical recycling - Techno-economic sustainability criteria and indicators. In Polymer Degradation and Stability, p. 109217. DOI:
10.1016/j.polymdegradstab.2020.109217.

« Calabro, Paolo S.; Grosso, Mario (2018): Bioplastics and waste management. In Waste management (New York, N.Y.) 78, pp. 800-801. DOI:
10.1016/j.wasman.2018.06.054.

« Cao, J., & Sharma, S. (2013). Near-infrared spectroscopy for anticounterfeiting innovative fibers. ISRN Textiles, 2013, 1-4.
https://doi.org/10.1155/2013/649407

» Chen, Xiaozheng; Kroell, Nils; Li, Ke; Feil, Alexander; Pretz, Thomas (2021): Influences of bioplastic polylactic acid on near-infrared-based sorting of
conventional plastic. In Waste management & research : the journal of the International Solid Wastes and Public Cleansing Association, ISWA,
734242X211003969. DOI: 10.1177/0734242X211003969.

« DIRECTIVE 2008/98/EC OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL of 19 November 2008 on waste and repealing certain Directives 1
(2008). https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:02008L0098-20180705&from=EN

« European Bioplastics: Bioplastics - Industry standards & labels. Relevant standards and labels for bio-based and biodegradable plastics, checked on
1/7/2021.

» European Bioplastics (2017): Bioplastics - furthering efficient waste management. Recycling and recovery options for bioplastics. European Bioplastics.
Available online at https://docs.european-bioplastics.org/publications/fs/EUBP_FS_End-of-life.pdf, checked on 11/25/2020.

C C-PlaNeT m r’:AVW

AbfallverwertungsTecHnix
& Abfallwirrscuary



References (2)

» European Bioplastics (2020): FREQUENTLY ASKED QUESTIONS ON BIOPLASTICS. European Bioplastics. Available online at https://docs.european-
bioplastics.org/publications/EUBP_FAQ_on_bioplastics.pdf, checked on 11/25/2020.

* Gere, D., & Czigany, T. (2019). Recycling of mixed poly(ethylene-terephthalate) and poly(lactic acid). MATEC Web of Conferences, 253, 2005.
https://doi.org/10.1051/matecconf/201925302005

* Helena Wedin, C. Gupta, Pailak Mzikian, F. Englund, R. Hornbuckle, Vittoria Troppenz, Lucijan Kobal, M. Costi, D. Ellams, & S. Olsson (2017). Title : Can
automated nir technology be a way to improve the sorting quality of textile waste ? In

» Lorber, Karl E.; Kreindl, Gernot; Erdin, Ertugrul; Sarptas, Hasan: Waste-Management-Options-for-Biobased-Polymeric-Composites. Available online at
https://www.researchgate.net/profile/Hasan_Sarptas/publication/276065476_Waste Management_Options_for_Biobased _
Polymeric_Composites/links/5550921e08ae93634ec94d75/Waste-Management-Options-for-Biobased-Polymeric-Composites.pdf, checked on 11/25/2020.

« Masoumi, H., Safavi, S. M., & Khani, Z. (2012). Identification and classification of plastic resins using near infrared reflectance spectroscopy. International
Journal of Mechanical and Industrial Engineering, 6, 213-220.

« Mudller, G., Hanecker, E., Blasius, K., Seidemann, C., Tempel, L., Sadocco, P., Pozo, B. F., Boulougouris, G., Lozo, B., Jamnicki, S., & Bobu, E. (2014). End-
of-life solutions for fibre and bio-based packaging materials in europe. Packaging Technology and Science, 27(1), 1-15. https://doi.org/10.1002/pts.2006

* Niaounakis, M. (2019). Recycling of biopolymers — the patent perspective. European Polymer Journal, 114, 464—475.
https://doi.org/10.1016/j.eurpolym;.2019.02.027

» Rani, M., Marchesi, C., Federici, S., Rovelli, G., Alessandri, I., Vassalini, I., Ducoli, S., Borgese, L., Zacco, A., Bilo, F., Bontempi, E., & Depero, L. E. (2019).
Miniaturized near-infrared (micronir) spectrometer in plastic waste sorting. Materials (Basel, Switzerland), 12(17). https://doi.org/10.3390/mal12172740

« Wu, X,, Li, J., Yao, L., & Xu, Z. (2020). Auto-sorting commonly recovered plastics from waste household appliances and electronics using near-infrared
spectroscopy. Journal of Cleaner Production, 246, 118732. https://doi.org/10.1016/j.jclepro.2019.118732

 Zhu, S., Chen, H., Wang, M., Guo, X, Lei, Y., & Jin, G. (2019). Plastic solid waste identification system based on near infrared spectroscopy in combination
with support vector machine. Advanced Industrial and Engineering Polymer Research, 2(2), 77-81. https://doi.org/10.1016/.aiepr.2019.04.001

C C-PlaNeT m r’:AVW

AbfallverwertungsTecHnix
& Abfallwirrscuary



Namrata Mhaddolkar

M.Eng.
Wissenschaftliche Mitarbeiterin

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

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

Vielen Dank!

This project has received funding from the European Union’s
Horizon 2020 research and innovation programme under the
Marie Sklodowska-Curie grant agreement No. 859885.

36




