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What is plastic pollution?

Plastic pollution is the accumulation of plastic objects in
the Earth's environment that damages habitats and kills
wildlife.

Floating on the surface Suspended in the water On the seabed
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From the 1950s to the 70s, only a
amount of plastic was produced, so
plastic waste was relatively managea

By the 1990s, plastic waste generatic
had more than tripled in two decades
following a similar rise in plastic
production.

In the early 2000s, our output of plasti
waste rose more in a single decade than
had in the previous 40 years.

Today, we produce more than 300 mil
tones of plastic waste every year. Th
nearly equivalent to the weight of
entire human population.
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» 3 or 5 layer film pouches .

Toiletries (scap/shampoos} » Paper, glass . » Plastic pouches or films n

Milk, edible o1l » Glass, metal

Cement, fertiliser » Jute » PP/HDPE woven sack

“ » Plastic lamitube /

Toothpaste » Metal




300 300 million tons of plastic
waste was generated in 2015
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LASTIC RECYCLING WORLDWIDE

EUROPEAN
UNION

o’

MOROCCO

USA

g
10%

GCC*

60%
. ’ INDIA
. 1%

ARGENTINA SOUTH AFRICA AUSTRALIA

MEXICO

\ 25%

CHINA SOUTH
India is the country KOREA
that recycles its plastic waste e
the most, with a 60% rate. It is
followed by South Korea (45%
and the European Union (30%).
In the United States, the plastic
recycling rate is only 9%.

14%

v

" Gulf Cooperation Council
(Saudi Arabia, Bahrain, Oman, etc.)




Share of global population and Municipal Solid Waste (MSW) for G20 countries

2%
0%

B Share of global population (%)

The US represents 4% of the B Share of global MSW (%)
global population but generates
12% of global municipal waste
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The market will be ACCELERATING INCREMENTAL

The year-over-year growth rate
ata CAGR of close to 6% $ lgROOW;H;) for 2019 is estimated at
a n
0
A 5.34%
2018 2023
The market is FRAGMENTED with several One of the KEY DRIVERS for this

players occupying the market share

5 G(y market will be the GROWING DEMAND
0 FOR RECYCLED PLASTICS FROMTHE
of the growth will PACKAGING INDUSTRY

come from APAC

QQ

READ THE REPORT: - .
rt het
10,000"‘ reports covering niche topics
GLOBAL RECYCLED PLASTICSMARKET 2019-2023 MATERIALS

Read them at: \

Ytechnavio

www.technavio.com
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LINEAR RECYCLING CIRCULAR
ECONOMY ECONOMY ECONOMY




8% CASCADED 4% PROCESS
RECYCLING? LOSSES

14% COLLECTED
FOR RECYCLING

2% CLOSED-LOOP
RECYCLING'

14% INCINERATION AND/
OR ENERGY RECOVERY

78 MILLION
98% VIRGIN TONNES 40% LANDFILLED

FEEDSTOCK
(ANNUAL PRODUCTION)

32% LEAKAGE

1 Closed-loop recycling: Recycling of plastics into the same
or similar-quality applications

2 Cascaded recycling: Recycling of plastics into other, lower-
value applications

Source: Project Mainstream analysis - for details please refer
to Appendix A.







The New Plastics Economy
Rethinking the future of plastics
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Plastic converter demand by resin type

Distribution of European (EU28+MN0O/CH) plastic converter demand by resin type in 2017
Source: PlasticsEurope Market Research Group (PEMRG) and Conversio Market & Strategy GmbH
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51.2 mt

Total converter

demand

PE-HD / PE-MD
PvC

PUR

PET

P5

EPS

ABS / SAN

P

PC

PMIMLA

Other thermoplastics

Other plastics
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The
world
produces
more than
400
million
tons
of plastics
-every year

Ihe largest
Industrial sectos is

single-use matenal Packaging
designed for 36%
immediate disposal .
ediate Qisp __Industnial
Consumer and 1% s
institutional
products
10%
Electrical/electronic Transportation

4% 7%




227 Closed-loop pathways

Feedstock
recycling

Solvent-based

purification Mechanical

recycling

Virgin
feedstock

Reuse

Polymerisation

Processing Packaging

Monomer Polymer Plastic Application Packaged product




“Plastics 2030": making Circularity and Resource Efficiency a Reality

The Plastics 2030 Voluntary Commitment focuses on preventing leakage of plastics into the esvironment,
on improving resource efficiency and the circudarity of plastic packaging applications.

Vv
Overarching goals Targets
1 Prevent leakage of plastica into the emvironment. By increasing engagement inside and outside our industry.
2 Improve resource efficiency. > By accelerating innovation in the full life oycle of products.
3 Improve circularity of plastic packaging. 3 By reaching in 2050 100% reuse, recycling and/or recovery
of all plastic packagingin the whole EU,

in 2030: 60% reuse and recycling of all plastic packaging.

All play a role in a circular economy

e & ¢ &g

Building and ueht-welght !
construction Electronics vehicles Health Packaging Enargy

Different plastics for different products
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Distribution of European (EU28+NO/CH) plastic converter demand by segment in 2017.
Source: PlasticsEurope Market Research Group (PEMRG) and Conversio Market & Strategy GmbH
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Total converterdemand 51.2 mt

PACKAGING BUILDING & CONSTRUCTION

AUTOMOTIVE

ELECTRICAL HOUSEHOLD,
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EXAMPLE: primary production of PET bottles

Oil derivatives
(with embodied energy)

Total plant energy
(inc. transport, heat, light...)

Energy mortgage

Energy/bottle =

total energy in
Znum er of bottles ou

production |

Y=

| < o

molding

plant j::' Energy mortgage
\_

4

PET granules
h aggregated embodie

s

Energy/kg PET =
total energy in

Kg of PET Ot

Total plant energy
(inc. transport, heat, light...
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Energy (and use) audit of recycling of PET

4 )

Used plastic bottles
(inc. collection transport energy) f Polymersorting

- Recycled PET granules
Total plant energy I::> Cleanlng’ E:> (with aggregated embodied energy

(e ansport hest Bt dicing, - and contaminates)
packaging plant
Energy mortgage ::>
N y,
( ™
<:| Plant for use of <":| Total p|an£enel?rgy
recycled PET (inc. transport, heat, light...) /
j | Energy mortgage \
\_

Energy per kg of fleece =
total energy in Sedly Cario 40 (559l

Z R of fleece out
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Eco-impact per unit of function

Function: contain 1 litre of fluid
Glass PE PET Alu Steel

Container _ |
Type

Mass
[0] 45 The winn
steel,

Mass/volume 38 62 45 102 Thgel :;sse%;s]

[g/litre] y
aluminium.

Energy/Mass 80 84 200 23

[MJ/kg]

SO 82 ) 1321 54 (90) 24
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Energies and prices of virgin and recycled plastics

’ S et
., |Embodied energy, Price*, Embodied energy, Price*,
Commodity .. . .. . :
lasti virgin material | virgin material | recycled material recycled
prastics (M]J/kg) ($/kg) (M]J/kg) material ($/kg)
HDPE 77 -85 1.9-20 = 35 - 45 0.84 —0.97
PP 75 - 83 1.8 -1.85 ~35- 45 0.99 - 1.1
PET 79 - 88 20-21 = 60 - 64 1.1-1.2
PS 96 - 105 15-1.6 ~ 40 - 50 0.75 - 0.86
PVC 63 - 70 1.4-15 = 35 - 40 0.77 — 0.99\

*Spot prices, November 2018

The messages:
*Both the embodied energy and price of recycled plastics are about half that of virgin material

*The lower price reflects the lower quality of the recycled material, limiting its use
*Because of this the contribution of recycling to current plastic consumption is small
by Cexio 55 (5 )9ly
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Recycling of polymers: the reality
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Because of the problems outlined on the previous slides, the contribution
of recycling to current plastic consumption is small.

B Virgin Production B Recycled Production
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Recycling Statistics

Where Recycled PET Ends Up

Fiber
Strapping
Food/Beverage Contai
Non-Food containers
Film Sheet
Other

Other includes: Compounded
Resin (2%), Tolled (1%), Clean
Export (1%)
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HOW IS PLASTIC RECYCLED?

This year's Earth Day is focused on mobilizing the world o end plastic pollution. Here, we
examinee plastics recycling. which plays a big partin thesea efforts, and the recycling process.

e EERIODIC i@ © caEN 2018 Created by Andy Brunning for Chemical & Engineering News




MIGRANTS

Starting Monomers -
Substances (residual/break-down) Catalysts Solvents Additives

Side products e

products

Anti- Anti- Anti- Slip

oxidants statics fogging additives
agents

Heat
Plasticisers stabilisers

Fillers Pigments Biocides UV stabilisers




Plastics
substance type

Monomers

EU 1907/2006
REACH?>

EU 10/2011
plastic FCMs®

EU 282/2008

Recycled plastic
FCMs

EU 1272/2008
CLP’

Polymers

<

<

Catalysts

Polymerisation
agents

SOIN (XS

Polymer
stabilisers

o~

Solvents

Other additives

Colourants,
pigments
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\/ Risk assessment is required

X Risk assessment is not required
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EU CONTRIBUTION

cl/oM

TOTAL BUDGET

Plastic recycling

/0

PROJECTS
IN TOTAL

Bio-based materials

Marine plastic litter

Plastic sorting

/— Plastic collection

Microplastics
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227 Closed-loop pathways

Feedstock
recycling

Solvent-based

purification Mechanical

recycling

Virgin
feedstock

Reuse

Polymerisation

Processing Packaging

Monomer Polymer Plastic Application Packaged product
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MR NG "l PET flakes ifeeding system not shown)
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Zone 1: Vacuum pump
Removal of [ a |'

external moisture

Zone 2:
Temperature increase
to 190°C Patented combination

of wacuum reactor and

Zone 3: singlescrew extruder | L ~— INLINE SHEET
Removal of internal

moigture and
dec{;taminatinn - INLINE PREFORM
ARV TLL - Mot ——

“—INLINE STRAPPING
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32 pym high-performance filter with
large active filter area
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From flakes to the end product in a single process step. How it works:
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Polymers

Polymerization/
Depolymerization Cyc
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Products

Repurposing
Process
" Building Blocks for Sl fut 2 55l

New Materials | Sake Cg pde olojle sla







%

&
o)

L\ <
Nond®

R

% 2 fig

<°Q,, A
"

BP’s new technology to enable circularity for unrecyclable PET plastic
waste
24 October 2019

* |nnovative enhanced recycling technology capable of processing PET plastic waste which
currently goes unrecycled

« BP to complete pilot plant in US in 2020 to prove the technology

* At scale, it may offer potential to divert billions of coloured PET bottles and food trays from

landfill and incineration

BF has developed an enhanced recycling technology, BP Infinia, that enables currently unrecyclable
polyethylene terephthalate (PET) plastic waste to be diverted from landfill or incineration and instead

transformed back into new, virgin-quality feedstocks.

Sdly S 55 (5,599

e Co e el sl




ot

7 Noiwna®®

A\

Hydrophabic
dispers dyes

Y

Repolyrmerisation

TFA

Hydrolysis

Y

A

Methanolysis

PET

Acrylic and allylic
MOonomers

Unsaturated
oy resin
e pobester resin

#= Polycondensation

Glycolysis

UV curable

acrylics

Ammonohysis

Aminolysis

Diamides of TPA

1&-benzene
dicarboxamide

ol I Polymeric plasticizer in PVC
2. UV curable acrylic olizomers

3. Disazo disperse dyes
4. Antibacterial drugs

5. Chain extenders

6. Corroslon resistant paint films
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'lhemo-setting Polyester Resin
' After Curing

Unsaturated Polyester Resin (UP)
Before Curing

¢ UP Resin ¢

Ester Bond

== Glycol
ey Fumarice acid
¢ Styrene ¢
o
A o
Esterification
O

Dty rtyCrette (N 7T 0=

el Gt | -
waE i s

Unsaturated Polyester Water  Glycol, Fumaric acid

SWH:Sub-critical Water Ilydrolysis
=0 ¢ 0=
-o- o
0
*

Modification

(" Low )
Profile
~Additive

Styrene-Fumaric acid Copolymer
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Volvo Aims for 25 %Recycled Plastics in New Cars from 20

Company unveiled specially-built version of its XC60 plug-in hybrid SUV that incorporated recycled plastics
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How plastics are sorted
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Symbol Acronym Full name and uses
Polyethylene terephthalate - Fizzy drink
1 PET bottles and frozen ready meal packages.

High-density polyethylene - Milk and

LZ s HDPE washing-up liquid bottles

Polyvinyl chloride - Food trays, cling film,

C 3 s PVC bottles for squash, mineral water and

shampoo.

Ll 45 LDPE Low density polyethylene - Carrier bags and

bin liners.

Polypropylene - Margarine tubs, microwave-

S PP able meal trays.
Polystyrene - Yoghurt pots, foam meat or fish
trays, hamburger boxes and egg cartons,

(5 PS ; . :

é vending cups, plastic cutlery, protective
packaging for electronic goods and toys.
Any other plastics that do not fall into any of
Other the above categories. For example melamine,

often used in plastic plates and cups.

Sdly S 55 (5,599

(e o e obeslw o




dpolSuisls b blijl cgujlso > jgua> cslosluy slgize Salgi (yogoc iy oBT o
Sl San 4

9 092 «Suiwlly ool Salgi yljuo yogras 5> a8 Jlol sl e Slelbl oyl
(Uidg o) 8L L Cumiuo 3 Ly oS jS0us b suwslio 53 gl gl 080 (T dL L ¢l jao

Llas sl Bl sl o g ST Cumiag Gy « 8L L g oJbj Sugi 39290 Cusubg ol ¢ /

ol G g Glo ghaw j> Sl L Sgags 9 oL Sdgi S (sl (53 ]y SlolSSI Cag> Sado

Sdly S 55 (5,599

(e o e obeslw o




(%)
-

Olazl J> o joaly elgsl 8L L g L8 juao cadgi 6 juz ) owllho o

Lo 5> ouline (5lacus i g Jled glac T jluwl ¢3S Jlos o

Sl San 48 L L L ahu )1

w9 5140 g ld lojlw b (550 2w a5l @

ulg> 9 Ul 5Igld g ple slo S L g o oSGl b blus)l

wole (5lgizo Sgi b deoluy 4o yidiy Cudled g S Lo

woleUbl 5S40 b byl 55143 32 9 abwlivis /
1320 > SuSés 5l U sl CSbw o j Sl L GJlo @3lo g ol s oS \

Sdly S 55 (5,599

(e o e obeslw o




“VIRA G0 5 gl | g

Ol C8L L g Sl slaedbj sulgi JiuslS cug> 595 elaizl Cudgiuo iy slasl Gliwly s
S8LJL 0923 paadi g 090 iy ST e b siuoj ol > ek yulwol US g
ol 03905 Cudled ou LET Sty

ciBLjL Lled Cusag oL, @ubs T g wlelbl silyl b B siT p scgazo ool oBawsls S 4
8L L dgagr age YUS g 538 sl Sl (ST bl pd Glogin 9 gll s Suiull

(e o e obeslw o







