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Growing of Needs vs Growing of Population
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Flexible Packaging
& Loose Fillers

Semi-Rigid &
Rigid Containers

Throwaway
Plastic Items

Food & Feed Commodities




Global Primary Plastics Production by Sector, 1950
to 2015 (million tonnes)

Primary Plastic Production (in Mt)
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Geyer, Jambeck and Law (2017[1]), Production, use, and fate of all plastics ever made, http://bit.ly/2uBs8AT.




Global Plastics Waste Generation by Polymer
(million tonnes), 1950 to 2015

Primary Plastic Waste Generation (in Mt)
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Geyer et al. (2017), Production, use, and fate of all plastics ever made, http.//bit.ly/2uBs8AT.




TRENDS, PROSPECTS AND POLICY RESPONSES

Improving Markets
for Recycled Plastics

/

Trends, Prospects and Policy Responses
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Plastic Waste Management Options

PLASTIC WASTE

Recovery
|

I
M echanical Recyecling

Segregated Mixed
Plastics Plastics
¥ l
Primory Secondory
Products Products

| |
Energy recww Biological Recycling

| | | |
Incineration Pyrolysis Sewage  Anaerobic Compost Soil
Digestion Aerobic
biomnss
O
Y v Re/HO v \
Heat Recovery  Portable Fuel, Biogas Biomss Biomss

€O,/ HO  Feedstocks CH, /00,/H0 €O,/ HO €O,/ HO

Inorganic Resdues
(Landfi¥)




" Global Plastics Waste Generation, Recycling,

— Incineration, and Disposal: 1950 to 2015
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OECD, based on data from Geyer, Jambeck and Law (2017[1]), Production, use, and fate of all plastics ever made, http://bit.ly/2uBs8AT.
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Biopolymers, Facts and Statistics
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New Economy “Bioplastics” Production Capacities by

Material Type 2015-2020
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Biopolymers, facts and statistics, IfBB 2016 10
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NS Global Production Capacities of Bioplastics 2018
(by material type)

—

May23 -2019

Other 0.9%

(bio-based/
non-biodegradable)
® PE 9.5%
@® PET 26.6%
@ PA 11.6%
@ PP* 0.0%
D PEF* 0.0%
@ PTT 9.2%
200060000

Bio-based/non-biodegradable

56.8%
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10.3% PLA &
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1.5% Other D

(biodegradable)

00000
Biodegradable
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*Bio-based PP and PEF are currently in development and predicted to be available at commercial scale in 2023

European Bioplastic, nova-Institute 2018, www.european-bioplastics.org/market
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Global Production Capacities of Bioplastics 2018

(by Region)

Total:
2.11 million tonnes
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European Bioplastic, nova-Institute 2018, www.european-bioplastics.org/market
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Global Production Capacities of Bioplastics 2018
(by Market Segment)
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European Bioplastic, nova-Institute 2018, www.european-bioplastics.org/market
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Bio-based Polymeric Materials
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Mass Balance for 1 ton. Production

Flow Materials
Polymer

Amount Reaction Steps
Type Type (Ton) (N
Potato 27.5 7
PE Corn 7.0 7
Wheat 10.9 7
Potato 9.3 5
Corn 2.4 5
PLA Wheat 3.5 5
Sugar Beet 9.2 4
Sugar Cane 11.3 4
Potato 17.9 9
Corn 4.6 9
PET-100 Wheat 7.0 9
Sugar Beet 17.6 8
Sugar Cane 21.7 8
*PET-30

Raw Material ca. 25%




e Biodegradable Polymeric Materials & Plastics
S Nomenclature
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POLYMERIC MATERIALS
-
A Natural Synthetic =
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Environmentally Degradable Polymers &

Plastics
May23 -2019
s Hydro-Biodegradable m  Oxo-Biodegradable
H,O - Uptake O, - Uptake
Enzyme mediated Catalyst
or not
m  Functional Fragments m  Oxidized Fragments
Exo-Endo Exo-Endo
Enzymes Enzymes
= CO,, H,0, Cell biomass = CO,, H,0, Cell biomass
e Polyesters e Polyolefins
e Polyamides e Polyvinylalcohol
e Polysaccharides e Lignin, Rubber
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Energetics Profiles in Oxo- & Hydro-

e Biodegradables Primary Steps
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“c—C + 0=0 “c—C
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H H H H

Ese = (Boon + Eo.o + Ec.o) - (Ecoq * Eooo)

\C—OR"‘ H,O \C—OH + ROH
J 4

E... = +50.6 Kcal/mole

Eate = (Ec.on + Eon ) - (Ec.or * Eo.)

E..« = + 3.3 Kcal/mole
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Additives

Tandem Role of Pro-oxidant/Pro-degradant

Pro-oxidant step

Me*" + n RCOO™ + PH —2/"Y 5, Me*™ +m RCOO" + P- + RCOOH

PH 02\
POOH + P- 4«—— POO-

Pro-degradant step

v
Me™™ + m RCOO + POOH ——— Me™ +n RCOO+H,O + PO-

/Me: Fe. Mn. Co

PH = PE or PP

N

Me

Fet® +e ___
Mn* +e ___,
Co*® +e __,

Fe*2
Mn+2
Co*?

E° (Vol)

+0.77
+1.54
+1.83

~

19




-

o

- Full Carbon Backbone Synthetic Polymers

—

May23 -2019
= Polyethylene - TDPA = Poly(vinyl chloride)
= Polypropylene - TDPA = Poly(cyanoacrylates)
= Polystyrene - TDPA = Poly(alkyl acrylates)
= Poly(vinylalcohol) PVA = Poly(alkyl metacrylates)
= Polyisobutene = Poly(acrylonitrile)
= Polybutadiene " Poly(acrylamide)
= Polyisoprene = Poly(vinyl amine)

20




Oxo-Biodegradable Full Carbon Backbone Polymers
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PVA  ——CH,—CH—CH,—CH—CH,—CH—

OH OH OH
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PE. ——CH,;—CH,~CHy~CHy— CHy—CHy—
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8 Schematic Representation of PE* Oxo-Degradation
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%/\_wmc
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5}\'fi01'oor'ganisnw
I C-Backbone
I Long Branch Mineralization: CO,, H,0, Cell Biomass
) Short Branch
. Parameters to be monitored:
. 1. Weight increase; 2. Carbonyl index; 3. Wettability;
. 4. Molecular weight; 5. Solvent extraction
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g Biotech Production PHAs from Fragmented

Poly(hydrocharbon)s

*"Oxidized Polyethylene Wax as a Potential Carbon Source for PHA Production."

|. Radecka , V. Irorere, G. Jiang, D. Hill, C. Williams, G. Adamus, M. Kwiecien, A. A.
Marek, J. Zawadiak, B. Johnston, M . Kowalczuk.

Materials, 9(5), 367 (2016)

*“The Molecular Level Characterization of Biodegradable Polymers Originated from
Polyethylene Using Non-Oxygenated Polyethylene Wax as a Carbon Source for
Polyhydroxyalkanoate Production.”

B. Johnston,G. Jiang, D. Hill, G. Adamus,|. Kwiecien,M. Zieba, W. Sikorska, M. Green, M.
Kowalczuk, I. Radecka

Bioengineering , 4(3), 73 (2017)

*"The Microbial Production of Polyhydroxyalkanoates from Waste Polystyrene Fragments
Attained Using Oxidative Degradation”

B. Johnston, I. Radecka, D. Hill, E. Chiellini, V. I. Ilieva,W. Sikorska, M. Musiot, M. Zieba,
A. A. Marek, D. Keddie, B. Mendrek, S. Darbar, G. Adamus and M. Kowalczuk

Polymers, 10, 957 (2018)
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Microorganism Capable of Hydrocarbons
Oxidation

Bacteria
Achromobacter Pseudomonas
Acinetobacter Spirillum
Actinomyces Stenotrophomonas
Aeromonas Rhodococcus
Alcaligenes Vibro

Arthrobacter
Bacillus
Beneckea
Brevibacterium
Corynebacterium
Flavobacterium
Micromonospora
Mycobacterium
Nocardia

Phormidium

Yeasts - Algae- Fungi

Candida
Cryptococcus
Deboryomyces
Endomyces
Hansenula
Mycotorula
Pichia
Rhodotorula
Saccharomyces
Selenotila
Sporidiobolus
Sporobolomyces
Torulopsis
Trichosporon

Zalerian

24




e From Feedstocks to Polymers Consumption of
=mee=3 Mineral Oil (Typical Pattern of Developed Countries)
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-1

/ Crude oil \‘

chemical industry
Energy and Industry 10.3% \
31.2%

others
s M— 6.1% polymers
6%

* e

transport households
33.9% 18.5%
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Energy Resources Alternative to Crude Oil

Solar [600 sq. Km of solar panels in the Sahara
desert]

Biomass & 2nd Generation Biofuel
Hydroelectric

Aeolian

Hydrogen

Nuclear
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. Bio-based and Fossil Fuel-based Plastics Coexistence
‘ Year 2012

_________

Towards 2 Peaceﬁxl Coexistence beﬂwm 41
Bio-based and Fossil Fuel-based Plastics




Greetings from my Hunting German Pointers




