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Environmental problems associated with plastic has risen to the top of the global environmental agenda due to
the increasing ecological, social and economic impacts of this complex problem. With the rising tide of public
concern on plastic crisis, plastic producers know that if concerns aren't addressed, they risk facing more stringent
regulation and more pressure from customers.

Green transformation of the plastic industry is speeding up. Many different approaches are around to address to
this problem. One of the most recent initiatives is to transform the plastics system to a net-zero and circular model
through innovation by focusing on "3 strategic pillars", which covers Plastic Circularity, Net-zero Life Cycle Emission
and Plastic Safety and Sustainability.

As a key member of Hong Kong's innovation and technology (I&T) ecosystem, and one of the city's five major
public R&D institutions, HKPC is committed to leveraging advanced technologies and innovative service offerings
to accelerate green transformation across industries. Our initiatives focus on developing sustainable and green
materials, advancing recycling technologies, and promoting the use of biodegradable and bio-based plastics to
reduce environmental impact.

In order to respond to market demand and actively promoting technology innovations to lead the green
transformation and sustainable development of the Hong Kong plastics Industry, HKPC organised a strategic
programme comprising a one-day conference and a mini showcase. The event brought together subject-matter
experts, industry practitioners and trade associations to share experience and advanced technology solutions
across Plastic Circularity, Net-zero Life Cycle Emissions and Plastic Safety and Sustainability. This e-proceeding
compiled the summaries of the technological information collected in the conference.



Mr Eddie Lin

Business Development Manager - Taiwan of Totalenergies Corbion

Mr Lin has 15 years' experience in chemical multinational companies
serving plastic industry. He is delicated to sustainable material
promotion by collaborating with value chain players and brand
owners in Asia Pacific region since 2022

Planting the future

Sustainable innovations in everyday applications

Luminy”

Eddie Lin
PLA bioplastics
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we Corhion

» TotalEnergies Corbion

* Luminy® PLA

* End-of-life

* Our sustainability commitment - 2025 LCA
Update

* Collaboration




In 2015, The Paris Agreement united the world to reduce the effects of
climate change.

Around the same time, two forward-thinking companies joined forces to

Cultivatir g ideas help meet that goal for the polymer sector. They embarked on a mission to
VN bring to market a biopolymer solution that was:

into inn u'-,fa’m__: ns

* Versatile
= Familiar to consumers
« Better for the planet

UNITED WATIENE

PARIS CLIMATE
AGREEMENT

Growing from idea to global operation

In less than 10 years, 50/50 joint venture TotalEnergies Corbion has
become a leading global PLA producer with:

ecovadis

Simtsinabity Rating

JAN 2025

75,000-ton 98 million kg of 200+ tons of PLA Gold EcoVadis
annual production  CO, captured recycled to make Status
capacity annually® rPLA*

TotalEnergies Corbion works with partners along the whole value
chain to develop solutions

Corbion | Tenowriee Caorbion

Mm
foadstock p«dumn Comsrsation Hataile:

Voo Luminy’ =
il 28 N PLA bioplastics

Technolegy push Market pull
Innavation with our differentiated Luminy® PLA portfelio +  PLA promotion, communication, and advocacy
Superior quality with quality consistency +  Create sustainability awareness

« Work with partners on Luminy® PLA applications development + Collaborate with leading corporations and NGOs
Support conversion to Luminy® PLA *  Strong Luminy® brand recognition

w

Bicbased - Recyclable - Compoestable - innovative
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Luminy® PLA
bioplastics

Polylactic acid

100% Biobased Compostable
Made from annually Industrially
harvested renewable composts faster

sugarcane plants than banana peels

w Recyclable Versatile
Mechanically and Used anywhere
chemically conventional plastics

are used

we Corbion

Luminy® PLA is @

used in many

- 3D Printing Blow Molding Compression
diverse Molding
applications D:l

Extrusion Film Casting
\h¢ @ m
Injection Melt-blown Thermoforming
Molding & Spunbond

Bicbased . .:.!.-._.;,g;._,.



End-of-life

>* 2

Corbion

PLA comes from plants, but there are more ways to keep it in the loop:
+ Reusing durable products

_ * Recycling PLA into new items

Luminy® PLA is + Composting it back to the earth

reusable,
recyclable, and
compostable

s Recycling ‘
‘ , I [ I Sugarcane

Compesting

X .- Ruuse -~ _

I 'q S PLA pellets
Ila

PLA products
10
e @
sensee CoOrbion
For items made with rPLA or virgin PLA that get contaminated
with organic waste during use, composting is the best option
Is there a high risk of the item Design for s Mulchfln
. being left in the environment soil or marine irindamaii
W h IC h en d T Of' at end-ofife? biodegradation * Fishing gar
life works best
for your
- H = . + Tea bags
J L | IC tl ont Are the items contaminated ea bags
d p p a with organic waste? » Coffee capsules
Design for + Fruit labels
composting + Contaminated food service ware
+ Bags that can be reused for biowaste
collection
Is there a high risk of the item
being disposed of into the
7
organic waste collection? Desighfor
reuse/recycling + Food trays (in non-closed-loop

environments)
* Drink bottles
= Cups
» Cosmetic packaging
* Electronic

|
}




we Corbion

Back to earth

066

W/

& Compostable Organic waste Industrial Rich nutrient
packaging collection composting compost
i ! - 12
-
wemesgns  COFDEON

Advanced recycling combines start-of and end-of-life benefits

2

CONDITION CHECK
Bottles are checked and
sorted

1
COLLECTION

PLA bottles are
gathered via a
specialized neLwonk

Stay in the cycle

° 8
.i. READY FOR , SHREDDING

Bottles are cleaned,

PRODUCTION
rPLA resin is ready to . flaked, and pelletized for
s advanced recycling

produce new bottles ﬁ Q@@ :

4

; ADVANCED RECYCLING
‘e#, PLA pellets undergo hydrolysis at the TatalEnergies Corbion
Thailand plant, breaking the pelymer into its monomers. These can
~ then be repolymerized to create rPLA resin

we Corbion

Sansu PLA bottle
close loop recycling

in Korea

¥




we Corbion

Hydrolysis: Pyrolysis:
Luminy™ PLA Advanced Recycling Conventional polymers recycling
o ~e PLA hydrolysis requires water A pyrolysis unit produces oil
H Oow a d vance d and a temperature of at 450°C-700°C, which is
re Cyc“n q ~100°C resulting in lactic blended with naphtha or gas
=~ acid cil and fed into a steam

compares

pyrolysis unit at ~850°C
b A PLA hydrolysis reactor is an
'4-3 integrated part of the plant @ A pyrolysis unit is typically a
we operate in Thailand “stand alone” unit requiring

100-200mm3 of investment
rPLA retains food contact m
approval like virgin PLA B

TotalEnergies Corbion offers
20%, 30%, and 100% Luminy® rPLA grades

Our
sustainability
commitment
2025 LCA Update

\/
Vil

Sugarcane is the starting point for

Luminy® PLA. The sugar extracted from

sugarcane is fermented using

From raw microorganisms to produce lactic acid,
an organic acid also produced by the

sugarcane to

MRE=] human body.
Luminy® PLA
resin

85%

lower
Carbon footprint* biogenic carban

¥

1.83 kg 0.04 m? 1.8 m? 1.6 kg 1kg
co, Water Land Raw sugar PLA




Low GWP
compared to
conventional
materials

-

Corbion

85%+ Carbon footprint reduction
with Luminy® PLA

Cradle-to-gate Carbon Footprint for various polymers kgCO,eq/kg polymer
219

3
253
207
1.8
1.63
D29
= ¢

Source: Plastics Europe data and TotalEnergies Corbion LCA 2025

= =5, g
o el w L) o

Carbon footprint in kgCOZeq/kg)
=
o

19
- @
s COFDION
Carbon footprint of Luminy® polylactic acid grades
250 233 212
_ ) 3 200 184 1.65
Carbon footprint 150 118
*g. 1.00 050 = l
& 050 -
8 b = = e
(] b —_—
3-0.50 018
1.00 0.5
Luminy® Lurminy® 30% Luminy® 100% Cireular lactic
virgin PLA wirgin PLA PLA Lurminy® rPLA acid PLA
2019 2025
® Carben footprint excl, Biogenic carbon u Carbon feotprint inel, biogenic carbon
« 200kgCO2eq/ton PLA reduction compared to 2019 (0,5 - 0,3).
+ Carbon neutrality reached for 30% Luminy?® rPLA
* Negative carbon footprint reached for 100% Luminy® rPLA
* Carbon neutrality will be reached using the circular lactic acid.
20
- @
s COFDION
. -
Climate change impact
o Wange inpact of Lunkiy® PLA Climate change impact of Luminy® 100% rPLA
(including biogenic carbon) (including biogenic carbon)
05 s
Bt 1155 " 0,285
o 128 =T #
{I E
a . 05 =i
2 s 2 S v
& ¢
G v
= o o 0,167
o - ) 457 15 gees ==
1,833
- 2
2 1833 Fi LA K
+ &0% GWP from lactic acid production : ;?i :"0’“ I")"C;GIYS 5 .
23% from sugar production e r:i:: :i_si;:;fs::ajiz:
Bicbased - Recyclable - Compoestable - innovative 21



Collaboration

Our partners

B\

AR ‘\‘\\Jll‘; /

p——

_' R

Corbion

Lumniny® PLA is the material of choice for many brand owners and consumaers who want to move towards a more sustainable society, Our Application Development
teams work with sur customers to halp thern make the switch to Luminy® PLA. This can be integrated in a wide range of product applications.

SN

Solutions

Bicbased - Recyclable - Compoestable - innovative

&

Converters

&7 Bivepha

0] Cw QLR

A MITSUBISHI CHEMICAL ATACAMA

SUDPRACK @*
o Fabb Taphleef
earthfirst épectrum

biegialymar films by PSI

@]
Vi

Brand ewners

“arden,

& CHANEL @ goney,

DANONE
g

3 o B

PRODUCTS

At TotalEnergies Corbion, we envision a world
where we enable our customers to transition from
350 million metric tons of fossil-based plastics
created annually to sustainable and circular

polymers.

Let’s work together to create a world that's
sustainable for generations to come!

10




reanerzies  COrbioN

Luminy®

Eddie Lin PLA bioplastics
Segment Leader APAC - Nonwoven

Eddie.lin@totalenergies-corbion.com

www.totalenergies-corbion.com

D

Follow us on social media!

11



The Truth about Plastic Materials Plus Scientifically Proven
Solutions

Dr Chris DeArmitt

President of Phantom Plastics LLC

Dr DeArmitt is a world-renowned plastic materials and microplastics
expert, award-winning keynote speaker, and author. With over 5,000
studies reviewed, he exposes misinformation and champions science-
based decisions on plastics and sustainability, helping industry
leaders, lawmakers, and the public see through the myths to the real
environmental evidence.

FACTS &
PERSPECTVE. Y-

For a brighter future...

12
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NEWS
=

LIFE CYCLE ANALYSIS

o FACILITY
FUNCTION
© REPAIRS

® RECYCLING

o RAW MATERIALS @

@ MANUFACTURING PROCESS

® TRANSPORTATION & PACKAGING

CHris DeARmiTT PHD FRSC FIMMM CCHEM

President - Phantom Plastics LLC N
Phone: +1 601 620 8080
E-mail: chris@phantomplastics.com

Dr. Chrls Dedrmitt is an internationally recognized sclentist, suthor, and thought leader in materials sclence,
known for his relentless commilment o uncovering and communicating the truth about plastics, micraplastics
and their emvironmental impact. With & career spanning decades and grounded W rigorous, peer-reviewed
research, Dr, Dedrmitt stands at the forefront of dispelling myths and correcting misinformation pervasive in
today's evironmental discourse.

Authar of influential boaks such as The Plastics Paradox® and “Shattering the Plastics Ulusion,” Dr, Dedrmitt
combines scientific depth with engaging clarity, revealing through meticuloes analysis how conventional
narratives about plastics and thelr ccological footprint often diverge dramatically from reality. His work iz
triven by a passion for scientific imtegrity, using evidence-based reasoning to challenge widely held beliefs and
inform sustainable policies.

As the founder of the Plastics Research Cowncil, Or. DeArmitt has created an essential resource dedicated to
educating policymakers, industries, and the pubdic shout scientifically validated environmental facts. He has
revinwed over 5,000 sclentific stuties, becoming a leading authority whose insights influenca hoth academiz
circles and global industries. The work is endorsad by professors world-wide

Bevond academia and research, Or. DeArmitt is a sought-after keynote speaker, adapt at translating complex
seientific concepts into compelling narratives that resonate with diverse audiences worldwide. His engaging
prosentations not only iHuminate critical environmental truths but inspire thoushtful diafogue, driving
meaningiul change in how sackety perceives and interacts with plastics.

Dedicated to a futurs whera environmental decisions ara rootad in factual accuracy rather than misconcaptions,
[r. Dedrmitt continues to be an influential voice advocating for evidence-bazed environmental stewardship.

= (arbon Dioxide
- Energy Used

- Water Used

LIFECYCLE
ANALYSIS

- Acid Rain

I.EA @ = Toxicity

— Eutrophication
®

> Waste

LCA is the only proven way to know what is green

PLASTICS DISTRACTION | WHAT IS GREEN?

LIFE CYCLE ANALYSIS

Replacing plastic packaging increases harm

e WO00D

£ PLASTIC PE, PP, PET

STEEL
S ALUMINIUM
11 GLASS

PLASTICS DISTRACTION | WHAT IS GREEN?
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PLASTICS REDUCE C0,

“We assess 16 applications where plastics are used across five key sectors:
packaging, building and construction, automotive, textiles, and consumer
durables.

These sectors account for about 90% of the global plastic volume.

Dur results show that in 15 of the 16 applications a plastic product
incurs fewer GHG emissions than their alternatives.

In these applications, plastic products release 10% to 90% fewer emissions
across the product life cycle.”

PLASTICS MASSIVELY REDUCE CO,

F.teng et 2l Raplaoing Plastics with Alteraivas & Wirss for Greeshouss Gas Frassions in Mot Cases, Freremmental Seence &
Tazhnolegy ; lamuary, 2007 ifpes! ol g ML 1021 fac axt 3e0 54

PLASTICS DISTRACTION | WHAT IS GREEN?

LIFE CYCLE
ANALYSIS

“Several studies have shown many materials used as alternatives to plastic in packaging, such as cotton, glass,

metal or bioplastics, to have significantly higher CO, impact or water usage compared to plastic packaging. On

average over current food packaging, replacing plastic packaging with alternatives, would increase the weight
of the packaging by 3.6 times, the energy use by 2.2 times, and the carbon dioxide emissions by 2.7 times”

N. Voulvoulis et al., Examining Material Evidence - The Carbon Footprint, Centre for Environmental Palicy, Imperial College London & Veolia UK, AGC, 2015

PLASTICS DISTRACTION | WHAT IS GREEN?

OIL USE

Plastics save more oil than they use

Residual Fuel  Heating DIl
Basliguids 2™ T
%

Diker
Charnicads, medicines,
plestics 13%

Gasoline
4%

nealtimuughtuel s
et visualeapitalst

products-and-fuels-made- fros-cruge-nilf

PLASTICS DISTRACTION | OIL
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LIFE CYCLE ANALYSIS

PET Plastic Has Least Impact

NAPCOR Beverage Container LCA Repoet, 2023

Compared gﬂ] i Jll £0
Comperss | G o
PET p‘astic Solid Waste Energy Global Emissions Produced That
Generated Expended Warming Contribute to Acid Rain
Bottle to Create Potantial and Smog Formation

b

Ellgrzr;inum 3x 3x zx 2 -3)(

Can more more more more

Glass 14x 5x 5x 7-10x

Bottle more more more more

PLASTICS DISTRACTION | WHAT IS GREEN?

=

CONTAINERS - EPS

“This study has presented for the first time life cycle environmental
impacts of most-commonly used takeaway containers: aluminium, EPS and
PP. The results suggest that the use of aluminium containers leads to the
highest depletion of elements and ozone layer as well 2s human, marine and
terrestrial toxicities. The PP container is the worst alternative for the other
seven impact categories considerad.”

“The hest option amang the three is the EPS container with the lowest
impacts across the 12 categories. Against the aluminium container, its
impacts are /% - 28 times lower and against the PP, 25% to six times
better. The EPS is also the best option when compared to reusable
takeaway PP containers, unless these are reused 3-39 times, depending on
the impact.”

EPS CAUSES LEAST IMPACT

. Deslege-Schmed e al, Emvrenmental mpacsy al tah =, Aoyl of Cleznar Produstion 210, m H7-47

PLASTICS DISTRACTION | WHAT IS GREEN?

PACKAGING IMPACT (GHG)

M Land use change [ Farm B Animal feed [l Processing [l Transport Retail W Packaging Losses

Beet (beef herd) [ECL NN Sékg Bl ke e
Dark chocolat- [T 18k 7
Lamb & Mutten [} g i ] a0 kg

Beef (dairy herd) [ 2kg R 33 %z
cottes [IIEEIEEIN d1ks 274
Shrimps (farmed) [INNESEEINNIN | Z8%s | 27
cheese NS 24 ks
Fish [farmed) [IREIGEIN | 14 %2
pig Meat [N 12 %=
poultry Meat [ 55 e
Eges [l 47 ke

pice [ 455z

itk [

Bananas | 0.89 ke

|, Foore & T. Hemecek, Reduzing food's esrenmantal mpacts trough peoducers end censumes, Science, 360 (3527), pp. 887-952, 2048 Geaghic frsm Qur World in Data

PLASTICS DISTRACTION | GHG
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PACKAGING IMPACT

Share of packaging in
total carbon footprint
Packaging

% Butter 04% |
Roast beef 05% |

Beef cuts 06% |
Ham 2-4%

Cheese 1-3%
Cucumber 2% :
Fggs 25% |
Bread 3%
Milk 4 %
Beer 4% '

Food Praduction &

Foad Pathaging Sestunability - A geide for pockaging manstacturers, ford processors, reballers, paltical metitufines & HG0s denkstatt, 7070

PLASTICS DISTRACTION | GHG

CONSUMER PERCEPTION

Glass boltles Metal and Aluminum Other rigid Plastic
and jars beverage cans fail plastic films
Paper and Ligquid PET?*  containers. Laminated
cardboard cartons bottles packaging

e | o 1 = | 1 1 |21 s]e}

America
e [ 1 1] 10 ||

S | [ o[ 1 1 ] el |
e | K D I I O N 2 I
e | o o[ P01 1 e |
o | K S N NN (70 N T (R
~o« | I N SN ) I (N [ e

ol | | | o] e | 1 cf ¢ |

America

e 0 | | | | o] e ] | ¢ ]
oo EE I N . .

0. Nertigterien af ., 5 hilty n packegiag 2025: Insid s of gloal consumers, MeKinsey 7075

PLASTICS DISTRACTION | WHAT IS GREEN?

,.o-’_lr

FOOD & PACKAGING CO,

“Only 2% of British people consider plastic, compared to other materials

used in packaging, to contribute the |east greenhouse gases to the . -
environment from its production, use, and post use treatment. Whilst in Py x5
absolute numbers it is in fact the least impactful.” :

“If all plastic bottles used globally were made from glass instead, the f &

additional carbon emissions would be equivalent to 22 large coal-fired power
plants producing enough electricity for a third of the UK."

PLASTIC PACKAGING GREATLY REDUCES CO,

. Voulsouisat o, Exzming b

dence - Tha Cavhien Foatpriat, Careee fo Emarormental Prflcy,
Imperiz Codlepe Londan & Veoliz EIK, 13

0

PLASTICS DISTRACTION | GHG & PUBLIC OPINION
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PLASTIC PACKAGING REPLACEMENTS

Replacing plastic packaging increases harm

E 100000
=

2 50000
=
=

= 60000
=
=

= 40000
[=)
]

== 20000

1]

Plastics Plastics Alternative
Current Recycling Rate Iero Recycling Packaging Materials
Denicstatt The impact of plastio packsyisg on fifte oyl 2nergy consumyption and praenhouso gas amisziom & Eorepe. Beoiie Summary foly, 2011

PLASTICS DISTRACTION | RECYCLING

EVENTS IMPACT

@ Energy7.3%
@ Catering 1.2%

@ Travel 91.1%
@ Production 0.3%
@ Waste 0.0%

B00 people created the impact of 370 cars for one year

FOCUS ON TRAVEL NOT CUTLERY AND BOTTLES bttt SO S o 028 it

PLASTICS DISTRACTION | GHG

BELIEF VS REALITY

The focus on plastic
bags is unjustified

Belief (% of respondents) Facts (CO, ke reduction p.a. per capita)

Na more plastic bags 3! Highly over-estimated

(e flight less per year m
m Betler heating, insulation

Local & seasonal tood I Al

14% Fuel efficient driving

No more meat
N Na standby mode l 3

PLASTICS DISTRACTION | PIPES

19



MATERIAL USE Global consumption of materials is

e 90 Billion metric tons per year
et |dl:||m|e|]lrr].$ P. AL, PET)
{deminatesd by stes)

%

Global plastics consumption is
370 Million metric tons per year

Matural
[domismibed by wood)
¥

PLASTICS REPRESENT JUST ~0.4%
. BY WEIGHT AND <1% BY VOLUME
OF THE MATERIALS WE USE

Materials md the Enrenmarit: Ece-ivemed Matorsl haice, Michanl F. Ashlry, Battorwarth-Fuimmare | Bvier, Oafard, page 13 18 2003

PLASTICS DISTRACTION | MATERIALS

MATERIALS USE & GROWTH

12—
10 -
Dther (for example, plastic)
= %87 e Metals
E
= W Asphalt
5 0.6 — :
2 I Bricks
= i B Aggregates Anthropogenic
BN Concrete Mass
0.2
e
1800 1820 1940 1880 1880 2000 2020
Year

E. Ellacham et al, Global human-made mass exceeds all lving blamass, Nature, Vol 588, p442, December 2020

PLASTICS DISTRACTION | MATERIALS
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SOLID MUNICIPAL
WASTE

“The increase in plastic waste generation
coincides with a decrease in glass and metal
found in the MSW stream. In addition,
calculating the material substitution rates for
glass, metal and other materials with plastics in

aon

20 4
packaging and containers demonstrates an »

overall reduction by weight and by volume in
MSW generation of approximately 58% over the
same time period.”

fiep unssadj) uoesauad eyden 1ag

=
a3
5
=
]
&
=
=

100

PLASTICS DISTRACTION | WASTE

nd paper (N =

“When combined, a mated 81% of observed littering
occurred with intent.”

PLASTICS DISTRACTION | LITTER
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MISPLACED BLAME

= 8 Billion printed every year for decades...
= How many have you seen on the beach?
= How many on the roadside?

= How many on the street?

LITTER IS CAUSED BY AND SOLVED THROUGH
HUMAN BEHAVIOUR

PLASTICS DISTRACTION | LITTER

LITTER

= Two pieces of plastic
= (ne is dropped and the other never is
= Humans choose to litter cheap items

= Solutions are education, deposits and fines

PLASTICS DISTRACTION | LITTER

DEGRADABLE LITTER

“As was expected, the PET hottles were littered less than the Cartoeans, Of
the PET bottles, 2.6% was littered, while 5.8% of the Cartocans was
littered..”

“In addition to this, 16 of the peel-off closures of the Cartocan were found
|ittered, while none of the caps of the PET bottle were found separately.”

PAPER LITTERED 2X MORE THAN PLASTIC

R Wiewar % & influmace of Pazkagieg Design m Littering and Waste Rabeviour, Packagisg Techaoiogy and Scipnce, 23, sp 238-252. 2000

PLASTICS DISTRACTION | LITTER
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DEPOSITS WORK

100 Lithuania Finland .Gcnnany
 Michigan o O g @ ee ®
Maine g Oregon i % Norway Denmark Netherlands
= 75 Vermont g e Sweden
b lowa @ ———
= Neg York s ® (alifornia
= awail
= 50 Massachusetts
= Connecticut e European Union
s ® USA
= 2%
0
0 0.1 0.2 03 04

Deposit in S (PPP)

PLASTICS DISTRACTION | LITTER

RIVERS & OCEAN PLASTIC

“By linking worldwide data on solid waste, population density, and economic
status, we estimated the mass of land-based plastic waste entering the
ncean. We calculate that 275 million metric tons (MT) of plastic waste was
generated in 192 coastal countries in 2010, with 4.8 to 12.7 million MT
entering the ocean.”

“Without waste management infrastructure improvements, the cumulative

quantity of plastic waste available to enter the ocean from land is predicted
toincrease by an order of magnitude by 2025."

THIS WILD GUESS IS STILL QUOTED DAILY EVEN
WHEN DISPROVEN OVER AND OVER AGAIN

ané it the ocear, Science 347, 788771, 2015

L. famibec et 2l Fiastc vaste o

PLASTICS DISTRACTION | OCEANS
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RIVERS & OCEAN PLASTIC

“eakage from waste generation and inadequate disposal on land—i.z.,
mismanaged plastic waste (MPW)—was initially identified as the main driver
for plastic discharge to the ocean, with a potential annual transfer of 4.8 to
12.7 million metric tons (Mt), Rivers are recognized as the principal
conveyors in this transfer.”

“0n the basis of an in-depth statistical reanalysis of updated data on
microplastics—a size fraction for which both ocean and river sampling rely

on equal techninues—we demonstrate that current river flux assessments
are overestimated by two to three orders of magnitude.”

PLASTICS FROM RIVERS TO OCEANS 100-
1000X LESS THAN THOUGHT AT ONLY ~6000
TONS PER YEAR

| Wesset o, The sk Gon wath tse rivers, Seien
om [on intn the acear, Srlenc

S0 WT-11 200
T71, 2085

PLASTICS DISTRACTION | RIVERS / DCEANS

OCEAN PLASTIC

“Qur new results indicate that a significant fraction of these hard plastics
may also be coming from fishing vessels. Adding to the mass of floating nets
and ropes, this suggests that between 75 and 86% of the flating plastic
mass (> 5 cm) in the NPGP could be considered abandoned, lost or otherwise
tiscarded fishing gear."

6048 items — 0 grocery bags, 1 straw, 9 drink bottles

Grocery bags, straws and bottles 0.03% of total mass

OCEAN PLASTIC DOWN 33% IN 4 YEARS &
MAINLY FISHING GEAR NOT FROM LAND

eatraized fahng rabie langely comnbute b Boating paste pelflution in the Nerth Pacfic siimpecel gyre, Nature
pres
b7

PLASTICS DISTRACTION | OCEANS

OCEAN PLASTIC

| L

1867-1860 19801260 107O-1079 1000-1080 1990-1999 2000-2009 2010-2016
Yowrs

ONE ITEM PER 18 000 MILES
ONE PLASTIC BAG EVERY 100 000 MILES

C. Oistie et L, The rise in oenan pietins evideroad fom & B0 year time seres. Natere Sommmaations, 10 §622), 2019

Froquancy al sntangement ceeITancs par tow (%)

PLASTICS DISTRACTION | OCEANS
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DEGRADATION

= There are thousands of scientific studies over decades

= Same degradation chemistry as wood, wool, cotton
= Plastics are degraded faster than most materials
= [egradation rate can be adjusted as needed

= SHBM a year on stabilizers to slow degradation

PLASTICS DEGRADE

®
@

DEGRADATION
CAUSES

FUNGI

SUNLIGHT

TEMPERATURE

INSECTS

WATER

OXYGEN

BACTERIA

Material Substance 1330 beret  NOMEL Tokg Porsen
Sugar -2000g Glg
| Aicohol (ethanal) ~500g -12g
[ Polyethylene 3508 10g
Palypropylene 30 140g
Palyethylene terephthalate +350g s10g
| PVE (unplasticized) 350g WA
| Calcium Carbonate - Filler >3.555,.| -—.n'!'J;:
[ Tale Mineral - Filler +350g sllg
[ I'jal-ciur.' :.Ldnk' Lubrigant +100g .~'-1Ug.
"Irgaullss"- 168 - Stabilizer 350z i-liIBg
[ ﬂg:l-.'.m-' 1076 - Stabilizer »350g ?'fl_g-_
Irganox™ 1010 - Stabilizer +350g 100-200g
_I!-g.;lrluF-I-Ii-'.‘][]-_Slaluli.rer_ >%-r|']g = Eﬁg =
[ Tron Powder s,"s!ijg 14;

affair 26ig
[ Copper Metal 30g ~lz
| Cu Dissolved 5.52 UUUSg
 Nicating 07 D.00006g

EPA toxicity ratings: Practically Non-Toxic Slig tely Toxic Highly Toxic

PLASTICS DISTRACTION | SAFETY
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MICROPLASTIC

“The results show that most scientific studies (67%) frame microplastics
risks as hypothetical or uncertain, while 24% present them as established.
In contrast, most media articles reporting on microplastic impacts (93%)
imply that risks of microplastics exist and harmful consequences are
highly prabable."

SOME SCIENTISTS AND THE MEDIA ABANDON
THE TRUTH FOR MONEY AND ATTENTION

L. ik o M, Wogner, O the Creatar of Risk: Framing of Miorepiaseos Risks. n Somce md Midia, Glsl Chaliarge:
4[EL 1300010, 2020

PLASTICS DISTRACTION | MEDIA

MICROPLASTIC

PLASTICS DISTRACTION | MICROPLASTIC

MICROPLASTIC REALISM

“>80% of studies are identified as not reliahle”

*.few studies provide information that support that the particles tested are
representative of NMPs found in the environment, or that the concentrations
tested are representative of environmentally relevant exposure scenarios,”

-46% on polystyrene (of a special kind that doesn't exist in the environment)

10% of studies on PE, 5% PVC, 3% PP, 3% PET

SCIENTISTS ARE DOING INVALID STUDIES ON
THE WRONG KINDS OF PARTICLE

PLASTICS DISTRACTION | MICROPLASTIC
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IS RECYCLING GREEN?

Mechanical Recycling Makes Plastics Even Greener

® Production = Local transport

100 -

80 -

a0 |

Energy Use (M)/kg)

20

Virgin Plastic

o Conparzd {o Substitutes i the

PLASTICS DISTRACTION | RECYCLING

n o the Amerkzn Chemistry Coancil. 2008 © Woag, & Sty of Plistic

Export transport

Recyeled Plastic

Sing Suppty Chain, University of Hall, 200

ey

RECYCLING PET BOTTLES

More than ten times

15% rPE
to simula

A closed h;:uu PET buttta 8
%1 e when mlln'.v.lmu the
t this Ir".rL.I uf recycled uth.nl

PLASTICS DISTRACTION | TOXINS
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CARBON FOOTPRINT & COST

i Folaint

Gold 21,000 67,000,000

e GREENER MATERIALS TEND T0 BE
= P 00000 CHEAPER AND THEREFORE
Aluminium 1 2300 LITTERED MORE & LESS

Plastic 2-3 1000-2000 ECONOMICALLY ATTRACTIVE TO
Paper 07 1000-2000 COLLECT AND RECYCLE

Wood 05 700

Concrete 012 60

Limestone 0.02 35

PLASTICS DISTRACTION | GHG

CIRCULARITY

“..the circular economy risks turning into 2 hypothetico-normative sclg:s:w ’;E‘é,":;';t& &'Eﬁ%@
(but self- serving) utopia that derails actual and well-intended

efforts to reorganize production, consumption, and more generally
material flows in ways that are more respectful of planetary 6
B e

boundaries and that work in favor of sustainability.”

“Every Inop around the circle creates dissipation and entropy,
attributed to losses in quantity (physical material losses, by-
products) and quality (mixing, downgrading). New materials and
energy must be injected into any circular material loop, to
overcome these dissipative losses.”

“For the most part, the novel solutions the CE purparts to provide
in the handling of materials merely shift impacts to the energy
domain.”

CIRCULARITY IS MISLEADING

H Gareekig et al, Crogues of the oimylar enaromy, downel of indhestrea Frooogy, 1-12, 202%
1t Culler; Crevier szonarmye Thesratical senchmank ar pametial mation machine ?, foumal of nsirstrial Geolngy, 1031, 43
456, 27017

PLASTICS DISTRACTION | WHAT IS GREEN?

LINEAR RECYCLING CIRCULAR
ECONOMY ECONOMY ECONOMY

Take Take Take
: l Energy l
nergy

Make _~ Make _» Make

l Recycle l Recycle l Return
= Use = ™ Use I“‘* Use /I
2 = | < i
S ) Repair «——I*-— Reuse
< = Less Waste

Even Less Waste

Kdonuy

PLASTICS DISTRACTION | CIRCULARITY
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RECYCLING

= Initiatives that invalve recycling waste into something useful are gaining
popularity,

= These initiatives potentially increase waste rather than preventing it.

= Peaple may frame their waste as a contribution to the collective good
that elicits a warm glow.

“In three experiments, we show how such initiatives can potentially increase
waste rather than preventing it. Specifically, we show that when presented
with such options people may come to psychologically frame their waste
creation as a contribution to the collective good that makes them feel good
ahout themselves (i.e. eliciting a warm-glow effect), We argue that such
potential ‘wasteful contribution’ effects need to be considered in assessing
the true sustainability benefits of certain recycling initiatives.”

RECYLING DOWNSIDES

1, an Do B T Huirz, The wanm glow of recyeliog can make us more wastetel, Iourml of Emvlmnmental Pryekalegy, 77, 2021

PLASTICS DISTRACTION | RECYCLING

NGO SCORECARD

Topic NGOs say problem is  Science says problem is NGOs right or wrong?
Materials Plastic Concrate, wood, metals Wrong
Wasta Plastic Manutacturing, minirg, oll, gas Wrong
0y Plastlc Metals, cement, paper Wrong
Fossil fuel Plastic Iran, steel, cement Wrong
Ocean plastlc  Damgerous Increasing “Regfigible” Ganstant Wrong
Turtles Plastic Trawling, fishing, boat strikes Wrong
‘Whales Plastic Fishing gear, vessel sirikes Wrong
Birds Plastic Buildings, powerlines, eats Wrang
Particles Plastic Soot, inorganios (quartz, P, Cd) Wrong
Taxins Plastic: Lead, mercury, cadmium, dioxins Wrong

SO-CALLED “ENVIRONMENTAL" GROUPS ARE HARMING
THE ENVIRONMENT WITH DISASTROUS ADVICE

PLASTICS DISTRACTION | FACTS
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"ENVIRONMENTAL GROUPS”

Greenpeace's latest campaign on “the plastics crisis™ is having the following
effacts:

= |tis making people feel guilty and worried about 2 "crisis” which isn't
actually real.

= |tis prompting people, governments and businesses to implement radical
reforms without thinking through the conseguences.

= |tis hampering efforts to evaluate and deal with the genuine “ocean plastic
pollution” concern.

= |tis generating increased annual turnover for Greenpeace.

NGO CORRUPTION

License to sin

PLASTICS DISTRACTION | NGOS

“REASONS” TO BE ANTI-PLASTIC

eteprmdent repart iy Or. Michasd Comolly, Or. Ronzn Cosraly, Or. Wilie Soon, 0. Patrick Maooe

Analysis of Greenpeace's
business model & philosophy

GREENPEACE wants a piece of your green

An rpert by O , D, Ranas Connaly,
Dr. Willie Scen, Or, Patrick Moore and Dr. imalds Connodly (December 201%]

“Reason” Reality

There's too much plastic — we need to cut back
-Tuu much plastic waste - we're drowning in plastic
Plastics are made of fossil fuel

Plastic create greenhouse gases

Plastic creates litter

Plastic is chocking the oceans

| sell paper, metal, cotton or glass and it pays my salary

| work for a corrupt environmental group and lies make me rich

Plastics is <1% of materials we use and replacing them
means using 4x more material

Plastic is <1% of total waste and replacing it means
creating 4x more waste

Replacing plastic requires 2x more fossil fuel and using
plastic saves more fossil fuel than it uses

Replacing plastic creates 3x more greenhouse gas and
using plastic saves more GHG than it creates

Replacing plastic means more waste and litter - litter is
created by people and solved by making them behave

That claim is pure fiction — amounts were massively
exaggerated

Valid reason

Valid reason

30



KEYNOTE SPEAKER

Dispels Myths about Plastics & the Environment

Microplastics Marine Animals
Degradation Life Cycle Analysis
Toxicity Wise Policies

Ocean Plastics raws & More!

Q60 BaE o chris@phantamplastics.com

[ sky [EWEA S §  +1(601)6208080
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Cutting-edge examples of PLA injection molding technology
in Japan

Mr Michio Komatsu

President of Komatsu & Associates

An expert in injection mold technology and bioplastics, Mr Komatsu
graduated from the National Institute of Technology, Fukushima, and
founded KOMATSU & ASSOCIATES. With 305 patented inventions
in bioplastics, Mr Komatsu has received the Science and Technology
Award, the Minister of MEXT Commendation and the Prime Minister's
Award of Japan's Manufacturing Grand Award. He is also a Fellow of
the Institution of Professional Engineers, Japan.

Cutting-Edge examples of PLA
injection molding technology in Japan

September,9.2025

Conference Hall
Hong Kong Productivity Council

Table of contents

1. Market forecast of Bio Plastics

2.Heat resistant PLA article Injection Molding Technology
3. Heat resistant PLA article using SCF N, IMT

4 Ultra thin wall PLA cup using SCF CO, IMT

5. PLA product with bubbles using SCF N,, CO, IMT

6. Natural fiber compound PLA article using SCF N, IMT

7. Summary
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Global production capacities
of bioplastics 1000 wnmes
Fomoast
0,000
5,000
4,000
3,186
X000
2,019
2,000
1,000
o
2023
= @ =
Soroe: Europenn Bloplastion, nove-inedBule G024}

4  2025/09/09 CKOMATSU & ASSOCIATES Japan, 2025 All Rights Reserved.
Biobased, non-biodegradable Biobased, biodegradable
34.0% 66.0%

N re 75% B 423%FPLA
BN PT o69% 2.4% SCPC
0 PE 89% 2.0% PBAT
PET 11% B 17.0% PHA
L PP BS% I 1.5% CR
B PEF 0.3% B 06% PBS
APC 0.8% | B o2% cP
APG  Allphatic Polycarbonates PES  Polybutylene Succinate FHA  Polyhyd
CF  Casein Polymers and Copalymars FLA  Polylactic Acid
©CR  Celldose Regenerates PE  Palyethylene PP Polypropylene
PA Polyamides PEF  Polysthylens Furanoate PTT  Polytrimathylens Torephthainte * PEF nveiiabin 81 commercint scain a5 of J004
PBAT F Adipate- FET F SCPC Starch Contalning Polymer Compounds Sourre: Eropean Biopinstics, navs insfitute (24
5  2025/09/09 CKOMATSU & ASSOCIATES Japan,2025 All Rights Reserved.
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Global production capacities of bioplastics

2024(market segments by polymers) 540
PET PRAT ,’$ »
. e B eos ,t I 1
. e A 4 \‘ ws i ’l
- W P I 1 e 4
. e SOPC \\ 7 a7
IO . cn —
AP m w12
930
211
BN -
Others Functional Fligidd Flexitile
s A Dnr.t mﬂ packaging packaging

Souma.Europaan Bmplastms. nova Institute (2024)

6 2025/09/09 EKOMATSU & ASSOCIATES Japan, 2025 All Rights Reserved.

Table of contents

1. Market forecast of Bio Plastics

2.Heat resistant PLA article Injection Molding Technology
3.Heat resistant PLA article using SCF N, IMT

4.Ultra thin wall PLA cup using SCF CO, INMT

5.PLA product with bubbles using SCF N, CO, IMT

6. Natural fiber compound PLA article using SCF N, IMT

1. Summary
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PLA Heat-resistant temperature :60 ~ 65°C

J

Clay Nano Composite PLA 120 ~ 140°C
Nano Clay particle | el ke |
210°C S 110°C

=

Molten
Amorphous PLA

8  2025/09/09

/ During

solidification
Amorphous PLA

CKOMATSU & ASSOCIATES Japan,zoz2s5 All Rights Reserved,
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Crystal of PLA
Crystallinity:20~30%




N-PLAjets

Specialized for PLA Injection Molding, Fully Electric Drive

eNISSE] PLASTIC INDUSTRIAL (2010, Japan)
9  2025/09/09 (CKOMATSU & ASSOCIATES Japan,2025 All Rights Reserved.

5 JAPAN AIRLINE

HOEI" Adopted in international first class lounges at Narita and Haneda airports

liwane 600D DESIGN
Hoei industry Co.,Ltd. AWARD 2011

Microwave and dishwasher safe!

10  2025/09/09 [CKOMATSU & ASSOCIATES Japan,zo25 All Rights Reserved.
E liwane GOOD DESIGN
Tablewares for Baby AWARD 2011
HOEI°
== == Viwan = .‘1

MY FIRST DISH
liwan i'&;;
I_ £ "f:::'”’ Oisy
G &
' i

liwan®
Official Online Shop

e

Highly rated on Amazon, Kakuten ! u

11 2025/09/09 CKOMATSU & ASSOCIATES Japan, 2025 All Rights Reserved,
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Cosmetic soap container

TOWA KAGAKU(Yokohama, Japan)

12 2025/09/09 CKOMATSU & ASSOCIATES Japan,z025 All Rights Reserved.

Funeral urn for burial

Iwaki City(Japan)

13 2025/09/09 CKOMATSU & ASSOCIATES Japan,z025 All Rights Reserved.
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* Good heat retention
* Lightweight
= Beautiful texture surface

15 2025/09/09 CKOMATSU & ASSOCIATES Japan,2025 All Rights Reserved,

$Ew
et

4. Ultra thin wall PLA cup using SCF CO, IMT

17  2025/09/09 CKOMATSU & ASSOCIATES Japan, 2025 All Rights Reserved,
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The thinnest in the world
PLA Injection Molded Cup (0.65mm) @Nice, Mediterranean

18 2025/09/09 CKOMATSU & ASSOCIATES Japan, 2025 All Rights Reserved,

. e .
SanYoshi E_A 52 & MRS 1Z EARTH

fﬁ fﬁs—z% : A=Y BT SEEIC
0.53mm -

| S—

]

-

IZ EARTHZ 3
JERBANR—-Y ]

(=] =]

HBIRFCORNERE !
HEFEH0.53mm S 7R & UAREEE YU -2
DI FINIR—F 4 — PR —UFERICHRE !

MEE : IZEARTH '3 % : #200ml
IZ EARTH AR EE(K) @ $H160ml
IZ EARTH MAf:EE () ¢ #9130ml

19 2025/09/09 CKOMATSU & ASSOCIATES Japan,2o025 All Rights Reserved.

P
W

JAPAN

EXPO 2020 DURAL

SanYoshi  PLA & Natural lacquer

SHISUIHAI

EXP0O2020 DUBAI
Adopted as Japan Pavilion VIP Commemorative item

20 2025/09/09 CKOMATSU & ASSOCIATES Japan,2025 All Rights Reserved,
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SanYoshi SDGs Ring
@ PLA & Cashew nut paint (Biomass 99.9%)

HMMBEERSONAATIAFYVI x ZROBEREG

v, SDGs/\yD
e x
A B i
3 I8 -
T3
55 .
A i
- i
w
o

SANYOSHI

Official Online Shop

21  2025/09/09 CKOMATSU & ASSOCIATES Japan,2025 All Rights Reserved,

135mm,World‘s largest flow length
@nssIN " [Bio7Hepta ]
350m| PLA GLASSE

(vf e ¥mm

0.65mm ——— 58mm

{>Large volume drink glass made by CO; SCF Injection molding.

{>Bio7, heptagon shape design, Prime numbers Unbreakable, Lucky numbers

<>Ultra-thin but Unbreakable, Delicious to drink

22  2025/09/09 CKOMATSU & ASSOCIATES Japan, 2025 All Rights Reserved,

@ Th BLONAL MANE GLOSALLY

23  2025/09/09 CKOMATSU & ASSOCIATES Japan, 2025 All Rights Reserved,
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50cc x 4 levels, also useful as a measuring device
[ 4Tiers ]
PLA GLASSE

24 2025/09/09 CKOMATSU & ASSOCIATES Japan, 2025 All Rights Reserved,

5.PLA product with bubbles using SCF N,, CO, IMT

25  2025/09/09 CKOMATSU & ASSOCIATES Japan, 2025 All Rights Reserved,

A refreshing look with SCF CO2 random bubbles

ERDODKDESBRAEVWEDIC
SobhbEBELTHEIN B WL
HhoEXELITSR

-

-

"

kA
2 -
ke

26 2025/09/09 CKOMATSU & ASSOCIATES Japan,2025 All Rights Reserved,
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Beer bubbles become finer
by Glass surface fine dimples caused by SCF CO2 or N2.

E—=ILDENEFBELT —
SoNMDERELTH

F 780
Sk tﬁﬁ‘iz %

o, 3= ;Mszmanzmﬁm;
ThnrENtHE. TOET Lo
AFICEDAD: FAGFLAVELETRTS
L:-w-:wt.iiz-m-n -;oft%t‘b‘t"‘!.tmm;,f
S ATT . as&nlmnnmr*u

L e
o ¥y 4 - CP eSS “;_"4“ ""{}; i S -
- £ o \ _ “
21 2025/09/09 CKOMATSU & ASSOCIATES Japan,z025 All Rights Reserved.
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Injection molding becomes possible
when supercritical nitrogen is mixed into
resin containing natural fiber

Fiber can be mixed

1 Natural fiber
up to 80% ! Mix evenly

20 Nozzle don't packed The flow

improves

Nitrogen is replaced by oxygen
- ‘ Suppresses combustion
Resin Natural
Fiber Cylinder of Injection molding machine
30  2025/08/09 CKOMATSU & ASSOCIATES Japan,zozs5 All Rights Reserved,
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Foam made by mixing wood fiber and PLA with SCF N2

The resin viscosity can be reduced for filling.
The foam size can be controlled by core back and core push process.

The fragrance of wood can last for a long time
kil 2025/09/09 CKOMATSU & ASSOCIATES Japan,2o025 All Rights Reserved.

L
W New Sustainable Alternative to Petroleum-based Plastic

Made Purely with Paper & Biodegradable Plastic [PLA)
PAPLUS®

Paper Powde Paper + PLA
Compound Pellets

32 2025/09/09 CKOMATSU & ASSOCIATES Japan,z025 All Rights Reserved.

W E'Q_"Paper powder X PLA 222.'3;,.
AWARD

PAPLUS® 2023

o A ‘.‘___

PAPLUS ® PAPLUS #
Food Tray Multi Purpose Tray

Paper powder & SCF N creates natural color and stream patterns.

Straight Design without gradient fits comfortably in your hand.

33 2025/09/09 CKOMATSU & ASSOCIATES Japan,2025 All Rights Reserved.
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Q B

EXPO2025 OSAKA

New Sustainable Alternative to Petroleum-based Plastic
Made Purely with Paper & Biodegradable Plastic (PLA)

PAPLUS®

34  2025/09/09

7. Summary

35 2025/09/09

CKOMATSU & ASSOCIATES Japan,2o025 All Rights Reserved.

CKOMATSU & ASSOCIATES Japan,2o025 All Rights Reserved.

PLA Resin producing country
USA, Thailand, Germany, CHINA, DUBAI Low Material Cost

Main product item/ Low Value Products: Sheet, Textile, Vacume molded goods

JAPAN:100% Import High Material Cost, WeakYen

Main product item/High Value Products by Injection molding
: Heat resistant tableware, Ultra Thin wall glass, SCF application, Waste Recycle

:Technologies/ Valve gate system, SCF system, Multi cavity mold,

All electric injection molding machine , Sensing system
Patents & KnowHow, Mold design

MATERIAL x Technology = Consumer market

36  2025/09/09

CKOMATSU & ASSOCIATES Japan,2025 All Rights Reserved.
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It all starts at K

The World’s No. 1 Trade Fair for Plastics and Rubber
8-15 OCTOBER 2025, Diisseldorf, Germany

The Power of Plastics!
Green — Smart — Responsible

9

The Waorld's No. 1 Trade Fair
for Plastics and Rubber

8-15 OCTOBER 2025
Diisseldorf, Germany
k-online.com

2025/09/09 CKOMATSU & ASSOCIATES Japan,2o025 All Rights Reserved. CiMesse Diisseldorf GmbH

Disclaimer Regarding the Content of This Lecture

This lecture will be presented in good faith based on the latest and most reliable scientific, technical
knowledge and industrial information held by the lecturer. Evidence from sources includes reliable research
papers and books, official company press reports, public relations materials from exhibitions, and the
instructor's own test and research data.

However, please be aware that there is a risk that the content of the information explained in this lecture
may change due to factors such as the publication of new science and technologies, the disclosure of new
capital investment information by companies and other organizations, the publication of new proposed
legislation, the international spread of infectious diseases, and the outbreak of natural disasters or military
conflicts.

The lecturer shall not be held responsible for any losses incurred as a result of investment activities, activities
related to financial products, purchases and sales of raw materials and equipment, etc. based on the

information and knowledge gained from this lecture.

The copyright of the presentation and materials relating to this lecture belongs to the lecturer and is
protected under the copyright laws of each country.

2025/09/09 CKOMATSU & ASSOCIATES Japan,2025 All Rights Reserved,
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Dr Grzegorz Lisak

Associate Professor of School of Civil and Environmental Engineering,
Nanyang Technological University

Dr Lisak is a tenured associate professor at the School of Civil and
Environmental Engineering, Nanyang Technological University (NTU)
Singapore. He is a director of Residues and Resources Reclamation
Center and Deputy Executive Director at Nanyang Environment
and Water Research Institute, NTU. He is co-editor-in-chief of
Environmental Research journal, Elsevier.

4

3 j,. ~‘/Susta|n hfty solution in energy consumption
and efficlency:Integrated waste treatment and
carbon (CO,) capture and conversion
technologies

by Assoc. Prof. Grzegorz Lisak

Assoc. Prof. School of Civil and Environmental Engineering (CEE), Nanyang
Technological University Singapore

Deputy Executive Director, Nanyang Environment and Water Research Institute
(NEWRI), Nanyang Technplogical University Singapore

. [ B
Resource Recovery Pcosramr?i‘e,nirennr R >

Nanyang Environment & Water Research Institute

VISION MISSION

Maintain and advance Address Singapore's national priorities
position as pre-eminent g] \;\fn::a‘rerfancczij envircirm;nken’rol n(—;eds.

" erform fundamental Research,
Water and Enylronment translate through robust Engineering
Researc_h Institute, focused to innovative solutions, and work with
on leading-edge research, industrial and institutional partners,
translation into world class towards their Deployment to
products, and developing @ | enhance Singapore's global standing
highly skilled workforce. and attract investment.

USS Centre of Excellence Programme
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NEWRI CAPABILITIES

NEWRI CAPABILITIES

The NEWRI Leadership Team
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& MATERIALS A I“Qg:eser? & CHARACTERIZATION "T1
" Analysts Safe
ENGINEERING Oyfﬁcers Yy Students CLMATE o
& ANALYTICAL (59) RESILENCE @
MEASUREMENTS Lab Mgt Mgt, (3]
Operations
T T (17) P FOOD WASTE
INITIATIVES  — Finance MANAGEMENT ¢

BIOTECHNOLOGY

& BIOPROCESSES

MODELLING
& Al

ENGINEERING
& ANALYTICS

Admin, HR
Support
(11)

ENVIRONMENTAL

CHEM. &
MATERIALS

RESOURCE

RECOVERY
Diverse
:\ strength for
innovation
MEMERANE
TECHNOLOGY
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FOCUSED ON NATIONAL
& GLOBAL NEEDS

WATER CLIMATE
TREATMENT L CHANGE

-,

FOOD MWASTE » S/ ENVIRONMENTAL
MANAGEMENT POLLUTION

EDUCATION
&TRAIUNG ¥

COMMUNITY
| ENGAGEMENT -

IS

>90%
non-recyclable
plastic waste

14 million tonnes of plastic
waste enter
our oceans every year

Expensive to
collect and process.
When collected, it is
4 incinerated or dumped
in landfills

IMPACT OF PLASTICS ON CLIMATE CHANGE

Incineration: Plastics leaked into the environment:
3.2 tonne CO,e/tonne plastic waste ' Do
320-700 nm @
280-700 nm [

924,000 tonnes plastics incinerated in
Singapore in 2021

A 4

~3,000,000 tonne CO,e emissions/year

Production rate (nmol g'd")
o
T

0 —

! CH, GH, GH, CH,
Greenhouse gas protocol: ghgprotocol.org Hydrocarbon gas
National Environment Agency, Singapore: nea.gov.sg doi.org/10.1371/journal.pone.0200574

Can we change this to make a positive impact?
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OUTLOOK ON PLASTICS PRODUCTION AND PLASTIC WASTE MANAGEMENT

Global plastic .460 million tonnes/year
production ‘ (2030}

# 350 million tonnes/year

. (2022)

260 million tonnes/year
(2016)

Growth in profit pool (2016 to 2030)

Pyrolysis (chemical recycling): $25.4 billion el Sircnental

. o7 - Iegkage __.,—-"'-I‘,:Elb’o!nrzdujl;t_j‘.l
" W of total plastic *, Lm\—:!'sznj ;- total plastic Y
Mechanical recycling: $23.1 billion { wmiomaoe y RS | veehomac
1 5 opethod o T gnethod f
Incineration: $0.2 billion Seilocd Seciies
Plastic value chain
https://verra.org/programs/plastic-waste-reduction-standard/ doi.org/10.1002/anie.201915651

9

CHEMICAL RECYCLING TECHNOLOGIES FOR PLASTIC WASTE

Closed-loop chemical recycling (back-to-monomer)

Plastic < Virgin plastic
waste resins

Liquid oil

10

CHEMICAL RECYCLING TECHNOLOGIES FOR PLASTIC WASTE

Open-loop chemical recycling (upcycling)
Plastics are converted into outputs that exit plastic utilization loop, they may or may not enter a new loop

Chemical recycling
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PLASTIC WASTE SOLVOLYSIS

Plastic recovery facility / Petrochemical production of plastics \

Polymerization

\'— LY
e o
Crudeoil, | .:"}.o % :>

natural gas

Fossil-based
monomers Palymer

resins /

Challenges:
Monomers * Contaminants
—— = Chemical, liquid waste

---------- -t
Mitsui Chemicals

hitps:/fip.mitsuichemicals.com/en/release/2022/2022_0531/index.htm

PLASTIC WASTE GASIFICATION

Plastic recovery facility / Petrochemical production of plastics \

Synthesis

Crude oil, H
nartl:.ur:Iogas"" = cé E>

Fossil-based

% Polymerization

Monomers Polymer

\ 1‘ resins /

Challenges:

= Contaminants - i

*  Fluctuating waste composition
Syngas ¢ 07

* Expensive gasification an_q syngas

__________ . upgrading needed - LR

b s

PLASTIC WASTE PYROLYSIS

Plastic recovery facility / Petrochemical production of plastics \

Crude oil - *- E>

Crude oil-
based Monomers Polymer

Qeds‘im:k resins /

Challenges:
* Contaminants
Liquid oil * Fluctuating waste composition

g * Expensive upgrading steps needed
---------- - ani
~20% Incineration
" (heat recovery)

' 14
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CARBON FOOTPRINT OF PLASTICS FROM PYROLYSIS OIL

CO, emissions [kg CO,elt product]

4000 T,
2 \
g v @
c
3000 g TR N S
- ~
a -~
2 1000 . “~oe _
£ ] "
2000 2 ° R
a 500
1000 3
0
0 Q 10 20 30 40 50 &0
Pyrolysis ur::mn:?l Incineration scale (kt/a)
CO, emissions of various end-of-life scenarios for Effect of economies of scale on investment cost
polyolefins

doi.org/10.1021/acssuschemeng. 1605013

CERTIFIED PLASTIC WASTE PYROLYSIS PLANTS IN ASIA

Q 15CC-PLUS- Diglta-Enevgy Group, Natchez. CRPYP  end-of-life 20 2025- CS z @ @
Cert-LS201- Mississippl, United States o726 0725 5
70601683
Q ISCC-PLUS- Bolder Inchstnes. Marywiie, MO, POLCP,  end-of-lite 02- 2003 s 2 oa 8
Cert-US01-  Uinited States PYP, 04-04  04-03
, International Sustainatility TOBOLATS MRP. WH
dind s @) SCOPLUS-  ARCUS Greencyciing pre Mixed 2022- 2023 o o N o

Thailand  Circular Plas Company Limited Pyrolysis Mixed plastic waste
Sepco Industries Company Pyrolysis Mixed plastic waste
Corsair Bangkok Company Limited Pyrolysis Mixed plastic waste
Malaysia Heng Hiap Industries Sdn Bhd Pyrolysis Mixed plastic waste
Singapore  Environmental Solutions (Asia) Pte Ltd Pyrolysis Mixed plastic waste
China Poseidon Global Industries, Corp Ltd Pyrolysis Mixed Plastic waste
ENRESTEC Pyrolysis Mixed plastic waste
BASF Chemicals Company Limited (BACH) Pyrolysis Mixed plastic waste

16

PLASTIC WASTE PYROLYSIS IN SINGAPORE

Environmental Solutions Asia Pte Ltd, Singapore

r @ |
\

| Feedstock Security

- 10KTA Capacity Industrial
Scale build up

' Expansion into other sites
' (domestic and regional)

2019 - 2020

Partnerships
ISCC Plus Certification

15t Commercial 15CC
Isotank to offtaker

300TA Proof of Concept

Market Feasibility
Prototyping
Feedstock Trials

Information provided by Environmental Solutions Asia Pte Ltd
17
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COMPARISON OF CLOSED-LOOP CHEMICAL RECYCLING TECHNOLOGIES

Pyrolysis-to-oil Gasification Solvolysis
Usable feedstock PP, LDPE, HDPE PP, LDPE, HDPE, PET, PU, PET, PU, PA
others, except PVC
Percent of plastics ~60% ~90% ~18%
that can be used
Recovered Liquid oil (naphtha) Syngas (H, + CO) Monomers
products
Challenges +Contaminants (PVC, *Contaminants (PVC) +Contaminants
food residues, paper, *Fluctuations in waste (everything)
etc.) composition * Chemicals, waste
*Fluctuations in waste +* Expensive gasification
composition and syngas upgrading
*Expensive upgrading

WHY THERE IS INTEREST TO OPEN-LOOP TECHNOLOGIES?

Reason 1: To overcome technical challenges

Multi-layered materials Food contaminated packaging

Day 183 Day 390

Day 57

Biofouling on PP cup in
(doi.org/10.1038/541598-020-67927-1)

Day 0

WHY THERE IS INTEREST TO OPEN-LOOP TECHNOLOGIES?
Reason 2: To diversify product portfolio and increase business

1 Bl
resilience
WTI crude oil
£160
S140
$120 ]
5100 Jﬂ \h
g $80 \_\A
3 \
S
o 60
vy
2
3 540
=
o
520
2010 2012 2014 2016 2018 2020 2022
Year

Fluctuation of crude oil prices
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WHY THERE IS INTEREST TO OPEN-LOOP TECHNOLOGIES?
Reason 3: To have alternative solutions for scale up

An affcal webste of the Eunpean Linkn - How da you kiow? +

Eurgpean Engilsh | 5 Search
. Commission 0 e |

Commission welcomes political agreement on stronger control of
exports of waste

Frage cantiris The Ct the political raached last night betwean the Europesn Parliament and the
Top Connei an wiste shipments, which will ensuie thal the EU takes greater responsibility for its waste and doss nol
Quate(s) export its anvironmental challenges ta tird countries. Tha rules will aisa faciitate the use of waste s a resource. Tha
Retated topics agreamant is a canfibiution 10 the goal of the Eurgpean Gresn Deaé of reducing pollution and advancing the circulas
Print frinndly pdf Santiy,

Contacts for madis Export of plastic waste from the EU te non-BECD countries will be prohibited {inly if stict snviranmantal
conditions ane met, individual countries may receive such waste fve years afer fe enlry into force of the new rules. in

the light of the global probi f mis of p W and the toits

with this maasure the EL legistators aim o prsvent anvironmantsl degridistion snd paliution in third contries caused by

CRUCIAL SUCCESS FACTORS

g aal e

9

’

(— r-'
Processing contaminated Economic viability Environmental impact
waste
Larger quantities of recyclable Product diversification Lower carbon footprint
plastics Products with higher value Recover more products

NANOMATICS

Maximizing value recovery from plastic waste
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GLOBAL PLASTIC WASTE
PROBLEM

Diverse plastic waste composition.
9 Contamination by food, paper, inks, etc.

e Expensive to collect and process. The value of
% products is too low to cover the recycling cost.
2015  Start of research at Nanyang
Technological University on plastic
waste upcycling
2021  Lab-scale technology development
was completed
2021  Nanomatics Pte Ltd was founded to
scale up the technology and create
positive impact on sustainability
2024 Demonstration plant (Tuas, Singapore)

Nanomatics 2025

Nanomatics Pte Ltd, Singapore

—r; +‘+I‘I2

Hard to recycle Pyrolysis Solid carbon Low-carbon
plastic waste oil (carbon nanotubes) hydrogen
X $ =)
Robust process High market price Cleaner fuel
Suitable for: ) a A
Mixed household waste Solid carbon and e;:;i: = arn 5 }; rggen
Marine plastic litter hydr Sl priCes = R e
Flexible laminate packaging pyrolysis oil price

THERMO-CVD TECHNOLOGY: MAXIMIZING VALUE RECOVERY FROM PLASTIC WASTE
Total SGD 11,800 from 1 tonne plastic waste

Estimated Product Value
Proprietary
catal

Mixed plastic waste
Marine plastic litter

. Pyrolysis y :
1,000 kg > Shredding reacior 0il condenser

[ Aluminum | | ail |

Fuel gases

Heating source

CVD reactor

Gas purification

Carbon Hydrogen

o) — nanotubes
20-30 kg ‘ e 30-40 kg
SGD 100 300-500 kg 200-300 kg SGD 100
SGD 600 SGD 11,000
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~o HOW THERMO-CVD TECHNOLOGY WORKS

Plastic Hydrogen Carbon
(wt.%) (wt.%)

&

1215 84-87
Pyrolysis
High temperature decomposition
of plastics into gases

HDPE

@ 1013 70-86
LDPE

@% 1214  77-88

BF Hydrogen release . (& carbon
g capture
PS

7-8 83-93

@Catalyst Darticle

Clean fuel Chemical vapor deposition
(CvD)

Proprietary
catalyst

Conta!mmated Condéiisor

plastic waste CvD Hydrogen
Y )) e T = ) Reactor rich gas

e e v Vv VYV

Qil v VY WV
Carbon
nanotubes

Deployment in zones with plastic waste pollution

Outputs with industrial demand

Plastic waste reduction solution

Alignment with circular economy and ESG targets

Nanomatics 2025

PLASTIC WASTE UPCYCLING
DEMONSTRATION PLANT (TRL 7)
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'

| |ISustainable Carbon Nanotubes

EVA midsole with 0.5 wt.% carbon
nanotubes (Nanomatics)

NEWNANO Carbon nanotubes
from plastic waste

\ Aon

Li-ion battery electrodes Rubber

Nanomatics 2025

HYDROGEN

Key resource for the
decarbonization of economy
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HYDROGEN FROM PLASTIC WASTE

Color Grey Blue Turquoise Green Pink
Process

T

GHG
emissions J l

Nanomatics’ hydrogen can replace
turquoise hydrogen

Replaces H, made from natural gas Eligible for ISCC PLUS certification

Nanomatics 2025

Suitable for
mixed contaminated plastics

with minimum pre-processing
(marine plastic litter, mixed plastics)

' CO, emissions by
70%

compared to incineration

l waste disposal by
Viarine |itter
90% \ tt

HYDROGEN FROM PLASTIC WASTE

Concentration (vol.%)

How much hydrogen can be recovered?
1,000 kg plastic waste gives 40-60 kg hydrogen

Type of plastic feedstock

4.3 B Marine plastic litter (Lombok, 1D}

[0  Post-consumer household plastics (Pasir Ris, 5G)
[ Pure PP+PE resins

100

[o]
o
L
=
o
(=}
o
s
a

)]
o

40
] 180 215 164
20 A 26 oah8 W-x
000 32/ 11 1" e
0 i | / = l

. | Post-consumer plastic Marine plastic
coz Co N2 ChH4 H2 Pasir Ris, SG Lombok, ID
Gas component
Data provided by Nanyang Technological University, Singapore
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NANOMATICS TEAM

22 O\ ANDREI VEKSHA @ GRZEGORZ LISAK

SOLUTIONS
FOR WASTE

Nanotechnology, process Extemal Advisary Panel for
engineenng, chemical recycling Environmental Sustainability
and project management. (MINDEF. Singapore).
Ph.D. in Environmental Science. : Rasource management and Iife
cycle assessment
Ph.D. in Chemical Engineering.

Enable waste upcycling and
create positive sustainability impact

LAY YIN TANG

M ntellectual property prosecution
and management

SEAN GETHIN

Internafional legal, corporate
governance, corparate law,
Ph.D. in Agriculture, Graduate mergers and acquisition, litigation
Carlificate in Intellectual Property T o and due diigence.

and Technology Law, = Bachelor of Corparate Law.

using-advanced technologies

ADVISORS
LENG CHUANG QUEK ' LAWRENCE LAW

Environmental Selutlons Group
Limited
CEOQ & Chairman

Envirornmental Solutions Group
Limited

Chief Sustainabilify & Growth
Officer; Execufive Director

Nanomatics 2025 36

= S

Summary

* Plastic is challenging material with high environmental
consequences

* The integration of chemical recycling into waste management
practices offers maximization of resource recovery

* Plastic chemical recycling offers opportunities beyond only
treatment of plastic and obtaining the pyrolytic oil

* Recovery of carbon nanomaterials from plastic waste provides new
view how to make pyrolysis technology economically viable.

S | BUILDING BETTER FUTURE TOGETHER

A v

Let’s change the world!
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Grzegorz Lisak, M.Eng., Ph.D.,

Associate Professor

B Residues and Resource Reclamation Centre (R3C)
Nanyang Environment & Water Research Institute (NEWRI)

Nanyang Technological University.
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WSchool of Civil and Environmental Engineering (CEE),
Nanyang Technological University.

BContact:

Email: g.lisak@ntu.edu.sg
Room: CEE, N01-01c-77; CleanTech One #06-08



The Challenges and Opportunities of Plastic Circularity, Life
Cycle Net-Zero Environmental Footprint and Sustainability

Prof Elvis Au, BBS

Adjunct Professor of the University of Hong Kong and Co-founder of
IESG Technologies Ltd

Ir Prof Au, BBS, is the former Deputy Director of Environmental
Protection Department of the HKSAR Government and an Adjunct
Professor of HKU, focusing on sustainability, circular economy,
decarbonisation and life cycle assessment. He is the former President
of International Association for Impact Assessment. He has over 40
years of experiences and has masterminded many environmental
policies, including the EIA Ordinance, green building and green
procurement policies and large waste to energy facilities. He is a co-
founder of IESG Technologies Ltd., utilising artificial intelligence and
digital technologies for decarbonisation and circular economy.

International Conference on Greening Our Future
Reshaping the Plastics Industry for Business Sustainability
9 September 2025, Hong Kong

The Challenges and Opportunities of Plastic Circularity, Life
Cycle Net Zero Environmental Footprint and Sustainability

Professor Elvis Au, BBS
FHKIE, FHKIP, FHKIQEP, FHKIEIA, FHKIOA, CIWEM, MRTPI
Adjunct Professor of the University of Hong Kong
Former Deputy Director of Environmental Protection Department, HKSAR Government
Former President of International Association for Impact Assessment
Former Chairman of Environmental Division of Hong Kong Institution of Engineers
Co-founder and Director of IESG Technologies Ltd

9 September2025

The Plastics Debate: Social Campaign since 2018

FROM THE 10TH ANNUAL SHORTY AWARDS

] Lo EE 4STOPSUCKING

Silver Honor in SOCIAL
GOOD CAMPAIGN

The push to ban plastic took center stage in 2018 with massive promotions like the

award-winning #StopSucking campaign, which featured stars like NFL quarterback

Tom Brady and his wife Gisele Bindchen and Hollywood actor Adrian Grenier
pledging to give up single-use plastic straws. Now countries and companies are

‘What Are Single-use Plastics and Should They Be
Banned?

saying no to plastics by the dozens, and consumers are following along with them.
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The Challenges and Opportunities of Plastic Circularity,

Life Cycle Net Zero Environmental Footprint and Sustainability

Global Plastic Treaty Talks in August 2025 Failed

= (i cimate a6 ]c] e

Global plastic treaty talks end in failure as Global plastic falks collapse as countries
countries remain bitterly divided over how Pt i
to tackle the crisis

G 85, 55 -
Dy Lauira Paidsen

Plastic pollution
Geneva reject draft treaties

o o el e paly g deal i ary
[ A

The Challenges and Opportunities of Plastic Circularity,

Life Cycle Net Zero Environmental Footprint and Sustainability

Controversies over the Global Treaty Talks
The Issues Points of Contentions or Views

Trust and sincerity in  Dennis Clare, of Micronesia: while it was always difficult to negotiate
shared goals in a multilateral forum with almost 200 countries, it was
“especially difficult if there is no meeting of the minds on what the
goals are,” he said. (The Guardian)

reaching an agreement

Core Dividing Line: R ‘

Diff ¢ Boel snd The core dividing line between countries: whether the treaty should tackle
HYerent rocl an plasties at source — by reducing production —or focus on managing the
Diverse views Ca ps on  pollution that comes from it. “There remained a split between a group of
plastic production a!mu{ 100 nations calling for Fur{;}s on production of plastic, and oil states

pushing for a focus on recycling.” (BBC)
globally

Confidence in recycling "Even if we manage to boost that over the next few decades to 15, 20, 30%, it
would remain a substantial amount that is polluting the environment and
damaging human health," said Dr Costas Velis, associate professor in Waste
and Resource Engineering at Imperial College London.

to solve the problems

The Challenges and Opportunities of Plastic Circularity,

Life Cycle Net Zero Environmental Footprint and Sustainability
The Problems with Plastics:  Science, Values, Perceptions, Myths & Politics

PLASTIC EXPLOSION THE PROBLEM IMPACT: THE PLANET IMPACT: HUMANS
KEY FACTS: = The amount of plastic produced » When It enters the : « Microp cause a particular = Plasties ean contain more than
THE PROBLEM has grown rapidly over the last faw most plastic breaks down into tiny problem in aceans and other 16,000 chermicals such as dyes and
decades piecss - known a3 microplasties marine enviranments, where flame retardants, some of which
wITH PLASTICS = Itisused in thousands of products, = Microplastics are found across all wildiife can Ingest it are taxic and cancer-causing
from sewage pipes to life-saving geographical ranges, from the = Scientists are learning more and * Plastics are 2 "grave, growing and
medical equipment Beep sea to meuntain tops mara about tha full impact under-recognised danger” for
human health, according to the
= In 1950 two million tonnes was = “When we [get] ian af Lancet C repart
produced PLER 0 TS w £t s aing The Impact on humans ranges
inflammation, cell damage, i
= By 2022 that had rsen to 475 hormanal changes the?geet from air poliution from the
milllon tonnes, equivalant to the 2 : roduction of plastic, threugh to
2 i weaker and weaker, and sicker and P HLsHE, oh
weight of abaut 260 million cars A R e s elevated risk of cances, respiratory
or die.” said Dr Alice Hartan, Mnassss and miscarriagas from
research scientist at the Natianal plastic cantamination In our bodies
Cceanography Centre

Source: BBC

"Plastics are fundamental for modern life - they go in But many researchers warn that this approach is fundamentally
everything.” said Ross Eisenberg, president of America's Plastic  flawed. Global recycling rates are estimated at only about 10%,
Makers. a trade association for the plastic production industry in ~ with limits on how far that can rise...Despite the benefits of

the United States."Focusing on ending plastic pollution should plastic to almost every sector, scientists are particularly concerned
be the priority here, not ending plastic production,” he added. about potentially toxic chemicals they contain, which can leach
warning that attempts to substitute plastics with other materials out as plastics break down into smaller pieces. Microplastics have
could lead to "unintended consequences". been detected in soils. rivers. the air and ... the human body.
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The Challenges and Opportunities of Plastic Circularity,

Life Cycle Net Zero Environmental Footprint and Sustainability

Common Misunderstanding: Differences hetween “Resource” and “Waste”

Definition Used for needs/wants Unwanted after use
EU EFRAG Draft ESRS ES: Article 3(1) of }'he EU WFD defines waste as ‘any subsgarge or
“Asset from which a product object which the holder discards or intends or is required to
is sourced, produced, supplieddiscard’. Any substance or object is either waste or non-waste.
or utilised. The EU WFD'’s concepts ‘b'x;’product’ and ‘end-of-waste’
< o introduce a distinction between waste and non-waste.
Oxford English Dictionary
“A means of supplying a
deficiency {r nggd? ";ig HKSAR Waste Disposal Ordinance: “waste means any substance
or article which is abandoned......”
Usage Productive/Consumptive Disposal/Transformation
Impact Can be beneficial/harmful ~ Generally negative, but can be transformed
Management  Conservation, extraction Recycling, disposal

Plastic Pollution: The Need for a Balanced Approach

“Turning off the Tap. How the world can end plastic pollution and create a circular economy”

Ending Plastic Pollution

Plastics, in many ways, contribute
paositively to society. There is, however,
a dark side: the way we produce, use
and dispose of plastics is polluting
ecosystems, creating risks for human
and animal health and destabilizing
the climate.

The call for a balanced approach towards
Plastics: Positive Contribution Vs the Dark Side

For these reanchs, the intemarians] community i
Aegatiating o deal 1o end plastic pollutian, which 15 due
oy 2024, This repert, Torrmng 0 tha Tag Haw 1 word
20 end plastic poktion a0t croare & cireular econcmy,
% designed ta inform negatiations and heip end this
rvasive and groweng it

Inger Andersen
Executive Ditecios. UNEP

Plastic pollution - defined broadiy as the negative effects and emissions resulting from the production and consumption
of plastic materials and products across their entire life cycle. This definition includes plastic waste that is mismanaged
(e.g. open-burned and dumped in uncontrolled dumpsites) and leakage and accumulation of plastic objects and particles
that can adversely affect humans and the living and non-living environment (UNEP/PP/INC.1/7).

The Challenges and Opportunities of Plastic Circularity,

Life Cycle Net Zero Environmental Footprint and Sustainability

+#* 17 United Nations Sustainable
Development Goals

++ IFRS Sustainability Reporting

Requirements

Towards an Objective,
Balanced, Holistic , Evidence
Based and Life Cycle
Management Approach

Sustainability

“Plastics aren’t just a health and
environmental issue; they are also

Potential
New
Substitution
Industries

Other
Existing
Industries
Plastic

Industry

#+ Circular Economy
and Circularity

+* Green Economy
and Green Jobs

+» Eco-efficiency

Life Cycle Net
Zero
Environment
al Footprint

Circular
Green
Economy
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a huge climate problem. The
vast majority are made with fossil

fuels, and produce planet-heating

pollution throughout their lives —

from production to disposal.”

(CNN)

+* LCA Requirements: ISO
14040, 14044, 14067

++ Paris Agreement,
Decarbonisation and
Net Zero Carbon

+¢ Digital Product
Passport



The Challenges and Opportunities of Plastic Circularity,
Life Cycle Net Zero Environmental Footprint and Sustainability

\J’ar!et\rof PIaStiCS haVe
e Plastic Types == i, "
diverse chemical
compositions and
recyclability

Giobal plastics production and use in million tonnes (Mt by application (iefi-hand paned), and by polymer (right-hand
panel), in 2020 and 2040
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Different Types of Plastics, Applications and Lifespans

Shares of various applications in total plastic waste (and relative average Wespans), in 2040 Palymar tha rela fians in mifian tormes (M), in 2040
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Plastic Waste in Hong Kong

Composition of Shoreline Refuse

(April 2013 - March 2014) Paper/
(percentage by count) Others Cardboard
Rubber 3.6% 2.0%
21%
Glass/ . ®
Ceramic
Metal
o Wood ~ 10%
. 2.8%
Plastic ®

65.8%

Foam Plastic
19.5%
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The Challenges and Opportunities of Plastic Circularity,

Life Cycle Net Zero Environmental Footprint and Sustainability

Variety of
P Plastic Types g
- T
/// S

i
Limited
Recycling
Infrastructure

Only about 9%
of global
plastic waste is
recycled due to
inadequate
collection,
sorting, and
recycling
systems,

particularly in
low- and
middle-income
countries.

The Challenges and Opportunities of Plastic Circularity,

Life Cycle Net Zero Environmental Footprint and Sustainability

i
Limited
Recycling
Infrastructure

Material
Contamination
and Sorting

5

7

Mixed plastics
and
contamination
reduce the
quality and
efficiency of
recycling,
hindering
short-loop
recycling
systems that
offer the
highest carbon
savings.

The Challenges and Opportunities of Plastic Circularity,

Life Cycle Net Zero Environmental Footprint and Sustainability

Variety of
P Plastic Types g
o e
s g

Decurbunieniivn und Material Limited
Energy Generatin. W0 @ Metatargy et Recycling
b i I 14 Infrastructure
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Many circularity
and
decarbonization
investments, such
as advanced
recycling
technologies, do
not yet meet the
desired return
thresholds
compared to
conventional
capacity
investments,
leading to divided
investment
priorities.
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Advanced
decarbonization
technologies, such
as electrified high-
temperature
processes and
chemical
recycling, are not
yet commercially
scalable, requiring
significant
investment and
development.
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The global
plastics trade
and varying
waste
management
capabilities,
especially in
developing
nations,
complicate
efforts to
achieve
consistent
circularity and
decarbonizatio
n standards.

ESG”

Lack of
harmonized
policies and
incentives
for
circularity

and low-
carbon
solutions
hinders
large-scale
adoption.

Life Cycle Net Zero Environmental Footprint and Sustainability

CHALLENGES
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Recycling Advances in
& |nnovations mechanica] and
chemical recycling
can bypass energy-
intensive
production steps
and reduce
reliance on fossil
feedstocks,
potentially cutting
emissions by up to
90% by 2050.

it aie e 194 T rmmingon
gttt 304 PP el e sy o nrimg
THAy e b a1 o i st

Source. Disruptive Technologies, 2025, Katherine E.S. Locock etc
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Recycling USing
=  Innovations =\ biomass, CO2,
and recycled
waste as raw
materials can
produce net-
Zero emission

Alternative
Feedstocks

== T -
OPPORTUNITIES | plastics,
“......the life cycle assessments of several plastics reducin g
made of fossil and non-fossil feedstocks have dependence

shown that the production of and use of non- ;
fossil-based plastics would be greener in terms of on crude oil

energy consumption and reducing green- house and mitigating
gases emissions.”

environmental
pollution
Source: ScienceDirect 2022
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Recycling

[ Recyclad | (Bhic) thmmnf

i & Innovations &=
ral material
b:wmhry TESOETTES \
: w | Optimizing
k Alternative
Feedstocks

Non-manstormd ' Ausiliry short-loop
material Part mnlﬂal S
/ y recycling,
Tmfj“':r* \ where
Post processing plastics are
Inprimng o OPPORTUNITIES reused with
“....The main advantage of short-loop 5:::13109 minimal
. - B B . i .
recycling is to eliminate the collection and Svs\tremsg processing,

transportation phases “

can

significantly

\ / lower carbon
footprints.
Source: Progress in Additive ———

Manufacturing, Mattia Mele, 2023
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Recycling
BY Innovations S
T
_AHE ENABLERe

Alternative
Feedstocks

Implementing
: deposit
% return
schemes,
waste banks,
Short-Loop a!"ld dESIgI’I'
Recycling for-recycling
Systems - .
principles can

/ enhance
plastic waste
Circular

s diversion
usiness L
el from landfills.

OPPORTUNITIES
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“Decarbonizing and building circularity into plastics will require
alignment across the entire plastics value chain.”

MeKinsey » “Plastics production accounts for about 3 percent of
§Company humanity’s global carbon emissions footprint. In
Aligning the value chain to addition, about 1.0 billion to 1.2 billion metric tons of
decarbonize plastics fossil CO, is bound up in plastic per year and may be
o . o released at the end of that plastic’s life if not treated in a

circular way or buried, according to McKinsey analysis.

Plastics are used in almost every industry, in products as
simple as plastic bottles and as complex as rocket ships.
Decarbonizing plastics, therefore, is in the best interest
of society at large.

* “Today, the stage is almost set to decarbonize plastics.
Technologies for producing lower-carbon plastics exist, but
the systems to decarbonize plastics and make them circular
lack clear demand signals and coordination across the
value chain, which are prerequisites for investments to
provide the fuel necessary for this infrastructure-heavy
industry.”

The Challenges and Opportunities of Plastic Circularity,

Life Cycle Net Zero Environmental Footprint and Sustainability

Plastics’ Emissions Footprint—and Its Reduction Potential

Where Emissions Occur in the Shorter Loops, Bigger Impact: Key
Plastics Lifecycle Abatement Levers
Emissions in the plastics value chain Kay taver apf across different valus chain staps,

. 5 levers. selected examples
arise at multiple stages:

. 1)Energy Fossil *Vingin pathway * Recycling pathway

» Feedstock extraction and o | [[=

processing contribute roughly 20%. by o — Pt
« Monomer production, especially Do | O2@ F"MW $ 92 8

steam cracking, accounts for 25— toslaied | from sources <team cricker pobymarcation

0, = with low ehectrification, uh on
50 Y. "“f:““ Felhane switch to renewable
. . o &:g““ loakaga, energy s, of both eloctricity

* Polymerization and modifying hestingi oyl 00

processes represent 30—-55% of @upeet Hcmeion, sexd

emissions. feadstochs o feedstock foe | )Protsisrunon | () Chemicaircyclng | (1) Mechanical

compansate CESES 0. oy FENEWatl = Tun on ronewable |~ recycling run w
forcarbon | bionaphtha) @ ezt @ iectric 2 s foraat
Source: McKinsey, 2025 ssiscrs o - v | oy Plstc
Moty & Compurry
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Decarbonization Levers in Reach

. " . Hempaet om .
Cabegary Strategy or Technology Challenges Stage of Adoption Cat Stentegy or Technal Impact o0 Challenges Stage of Adoptien
Fanissions egory ey OBY  pmixsions e e P

Productinn Erergy nptimration & Requires system s ;
Mudersse Widely vaablc

Efficicacy bt recovery upgrades e Reeyeling Chemical recycling Fnergy intensive, cost :‘";—:’nml"li“m
Emergy Fuel swinching (2.

Infrastructure and cost  Gruwing
Transition renemables) chisl -

S ;l:;;\l:;wmnhng i m:il::wmyclmg. S
Feubock walability
oy Feediwiic Pustconsumr wastc oy Sorting infrusincnune. L
VOO cavery 57 quality Bmitations . i

Process Elecuifieil seam High caen. curly.singe
Elecirification  cracking Verybighl | chaclugy Pl phase

Biobased inputs (0.2,

Feedstock SOl hiha)

Market Aggregating demand for  Indirect bt Reguires cross-sector

Covrdination  bow-carbon materials cnabling alignment Heely' sl

Muderate to Contarmination, muterial

Yigh aunlity Estiblisbed

Reeyeling Mechamival recyeling These levers can be applied 1o both virgin and recycled plastic production pathways and should

be prioritized by industry leaders now, not later.

Source: McKinsey, 2025
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Unlocking Feedstock from What Comes Next?
Postconsumer Waste ’

* A critical barrier remains: _ Plastics stakeholders should:
postconsumer plastic recovery is « Prioritize energy efficiency over

still far too limited. capacity expansion.
« Launch pilot projects using

» Key opportunities lie in recovering breakthrough technologies.
materials from: , « Aggregate cross-sector demand to
» Consumer goods packaging spur investment in low-carbon
+ Automotive plastics alternatives.

« Construction materials,
despite contamination
challenges

Source: McKinsey, 2025

Major Breakthrough: Ai-enabled Value Chain and Scope 3 Carbon Modelling And Management System (AVC3)

For Sustainability, Circularity and Decarbonisation (Patent Filed by IESG Tech Ltd in US& Europe in 2024)

@ e Al-enabled
( IESG “Climate
. Change Co-

Successfully pilot” for
deployed in A \ g il e “Value Chain
textile LCA and 3 M= B (i el Management
Value Chain ) i A | Green
Management Revolution”
in 2024 and 4
Major LCAs for
Virgin and
Postconsumer
Plastics for
NAMI in 2025

* Promptly calculate carbon footprint and resource usage in the entire value chain locally and globally with Afontane Use
+ Clearly visualize the logistics of materials/products across value chain and enable circular economy Case,10/4/2024)
+ Easier to enhance performance; optimize workflows, carbon footprints & decarbonisation options; reduce costs/manpower
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Recycling
= Innovations S
- s
K2 B
Alternative A UN m!‘““plaﬁk:pvwn‘ "
Feedstocks >
. _ p
\
\
\ W
1

Plastics Policies
like extended
producer
responsibility,
single-use
plastic bans, and

/
II
mandatory
recycled content

AN treaty legally

2 unig systen
change and end plastic polution,

targets can drive
investment in
circular and low-

carbon Poii?v Ll
+ Incentives -
technologies. S Viode
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“Global action across the plastics lifecycle could nearly eliminate plastic
leakage by 2040” ( OECD, 2025)

et +-am|  « This OECD report, published as countries near the

o i final stages of negotiations to establish a global
Hecyelecouidnearychminace plastics treaty, models alternative policy

e scenarios honing in on different areas for action.
> ik Soontlon * This includes curbing production and demand,

B ekt Pits promoting eco-design, enhancing recycling and
closing leakage pathways.

« It provides insights into the potential
environmental benefits and economic
consequences of different levels of ambition
towards ending plastic pollution by 2040,
according to which countries act, how stringent
policies are and what stages of the plastics

@)oeco lifecycle they cover.
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Various Policy Incentive Options Available
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Partnerships

across the -
value chain
can
aggregate
demand for
low-carbon
materials,
improve
recycling
infrastructur

Cross-Sector
Collaboration

e, and foster
innovation.

Policy
Incentives

Recycling
Innovations

OPPORTUNITIES

Citizens
¥

Human
rights

=3

Circular
economy

Aiming for zero
plastic pollution
r

Technical
improvements

Source: Perspective article: Multisectoral
considerations to enable a circular
economy for plastics,

Annika Jahnke et al, 2025

Circular
Business
Models
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ReShaping Plastics: Pathways to a Circular, Climate Neutral Plastics
System in Europe

+ Commissioned by Plastics
Europe, this independent
report aimed to critically
evaluate current progress
and assess the potential of
different levers to help
transition towards the EU's
net zero carbon emissions
and circularity goals by
2050.

+ ReShaping Plastics provides
a science-based, practical
roadmap based ona
similar approach and
scientific methodology
developed for the ground-
breaking report: Breaking
the Plastic Wave.

ReShapin
Piasticg »

The European plastics system is already adapting to
address the challenges of climate change mitigation
and circularity, but not yet fast enough...

There is no ‘silver bullet’ solution to significantly
reduce waste disposal and GHG emissions. Upstream
and downstream solutions are complementary

Ambitious adoption of circular economy approaches
in the plastics value chain...can drive significant
reductions in GHG emissions and waste disposal in the
next decade and beyond.

...... there are multiple less mature pathways to
develop and deploy innovative technologies and
approdches that further decrease GHG emissions and
tend to decouple plastic from fossil fuel feedstocks.

The next three to five years are a critical window for
action.

The Challenges and Opportunities of Plastic Circularity,
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Opportunity to
clarify through P
objective Life '
Cycle
Assessment
whether Plant-
based,

Alternative
Materials

compostable
materials, and
other substitutes
MAY reduce the
environmental
footprint of
packaging

Cross-Sector
Collaboration

Policy
Incentives

Recycling
Innovations

OPPORTUNITIES

Risk
assessment

Business
Models
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Sustainability: Myths, Truths or Mixture of Both ?
Which beverage container has a lesser impact or is more sustainable
from a life cycle perspective ?

1. SOFT DRINK 2. BEER
1A 1E 1F
Aumnum  Aumesum - Flasio Bofte Plaibo. Glass cotio Mhﬂﬂ 1 W Aumem can thmu m Bafiber botie
o can T omny Canss DO ——
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fmoomt.
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The Challenges and Opportunities of Plastic Circularity,

Life Cycle Net Zero Environmental Foot

Which beverage container has a lesser impact or is more sustainable from
a life cycle perspective ? Aluminium (best) Glass (worst)

print and Sustainability

The Scope and Glass bottl t the most |
Approach of a 2020 en:?lsonme:fa‘;:‘;nns:mfu?:;:: E =
Studx by University of | southampton study £
Southamptonin U o o

g .

« Scientists from University of Southampton publish life

n§ E Eg i i

SRR

z Ly ¥ g g o

P £ 3
Impact Catagory

cycle assessment (LCA) estimated primarily i § gi
environmental impacts of five types of packaging across § g i
three beverage categories; % § 5;
P I3
» Included glass bottles, aluminum cans, milk cartons, £ % §;=
Tetra Paks, polyethylene terephthalate (PET) bottles, i & &
and high-density polyethylene (HDPE) bottles. ] H
+ The LCA considered processes related to the extraction
of virgin materials, manufacturing of the packaging “All beverage

bo

article, and end of life treatment (including landfill, impacts and bath the

incineration, and recycling based on UK disposal rates).

+ The study found lowest impacts caused by recycled
aluminum cans for pressurized drinks, Tetra Pak for fruit
juices, cartans for milk,

Source: LIFE CYCLE ASSESSMENT OF BEVERAGE PACKAGING Alice Brock and lan Williams, Uni

ackaging that we assessed shawed some form of environmental

milk carton and Tetra Pok, despite being less impactful than

the plastic bottles, still contain plastic elements,” co-author Alice Brock soid.

“Based on the evidence, society needs to move away from single-use beverage
packaging in order to reduce environmental horm and embrace the regular
everyday use of reusable containers as standard practice.”

ing and the

Ervaronment, University Rd, Highfield , Southampton 5017 181, United Kingdom, 2020

The Challenges and

(msc“

ity of Faculty of

Opportunities of Plastic Circularity,

Which beverage container has a lesser
impact or is more sustainable from a
life cycle perspective ? PET better than
Glass in an Italian case, but LCA is
needed for each specific case
LCA of Glass Versus PET Mineral Water

Bottles: An Italian Case Study 2021

FE OSSN FSLRETN] FSIGLASE RS2 RETE

+ Context: due to the serious problem of plastic pollution in aquatic environment,
many | people rejected plasm: pachaging in favour of glass containers which are

d more

Tao avoid misj an ¥ of f
carried out for an Italian case with a life cycle thinking approm:h

1 Faatats 1. 1

Was

Life Cycle Net Zero Environmental Footprint and Sustainabilit

100

%
oc2B8888388

il

L %’"@’@ A\ é’?ffﬁé‘& PEEE

= PS1_GLASS (N} ©PS2 PET (N)

The study presented a comparative Life Cycle Assessment (LCA) of two alternative

packaging systems for drinking water: reusable glass bottles and polyethylene (PET)
bottles.

The case study was performed considering the real data of an Italian mineral water
company that bottles and distributes hoth natural and sparkling water,

The PET bottle is the most ive for 1 water for many impact
categories; while, in the case of sparkling water, the environmental impacts of the two
packaging systems are similar and the most envir 1y sound solution ean vary
depending on the impact category.

PR

+ ‘The most significant aspects of the analysis are: (1)
the number of reuses of a single glass bottle; (2)
the distribution distance. Their variation can
determine which packaging is the most
sustainable.

+ Alifecycle

ded for

u:t:'mur‘l is

Source: LOA of Glass Versus PET Mineral Water Bottles: An ltalian Case Study, by Carmen Ferrara, Giovanni De Feo andVincenzaPicone, Depariment of

Industnal Engineenng (DIIN), University of Salerno, via Giovann Paolo, 2021,
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Which beverage container has a lesser impact or is more sustainable from
a life cycle perspective ? PET better than Aluminium

Napcor
released in
2023 Life Cycle

Assessment for
beverage : ll [ |ll I I| |

SYStems Figure 5. Water Consumption (liters) for Beverage Container Systems, 1,000 Gallon Figure 6, Glohal Warming Potentlal (kg €0z eq) for Boverage Contalner Systems,
Basis, System Expansion LAN0 Gallon Basis, System Expansion

» The National Association for PET Container Resources « The assessment found that PET plastic bottles,

(Napcor) released a Life Cycle Assessment (LCA) that when compared to aluminium cans and glass
compares PET, glass and aluminium carbonated soft bottles, are significantly better for the environment.
g;g;:ncssm and still water beverage container « Compared to glass and aluminium beverage
’ containers, PET plastic bottles create less solid
* The study was completed by Franklin Associates, a waste, use less water during production and
leading LCA consulting firm and pioneer in the field, generate fewer emissions that contribute to acid rain
and went through an extensive peer review and and smog.

verification process.
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Which beverage container has a lesser impact or is more sustainable from
a life cycle perspective ?

Replacing plastics will
INCREASE GHG EMISSIONS 3 a,n:.':'_..
in most cases T P vy
ex=n Wt 2ut oo
& Thes e ke andee CL0e 10 6 ) . ; e
r=rrpor e | j +700% ot
[ o i s
Replacing Plastics with Alternatives Is Worse for Greenhouse Gas £ iy
Emissions in Most Cases ! i
Fanran Meng, Miguel Brandio,” and Jonathan M Cullen® i * L
mmu:'.nw- Sl Techal, 2034, 58, 2710-2727 Emmmlm L Fot
Table I, Climate Impact of 16 Plastic and Nonplastic Alternative Applications”
B AUTHOR INFORMATION = — — e
Corresponding Authors e ool oty
Jonathan M Cullen — Department of Engineering, University of ooty PETS Paeenficst » ~ o
Cambridge, Cambridge CB2 1PZ, United Kingdom; . i frosnid et - i
Email: jme¥9@cam.ac.uk ebarial snva ey reet - ta L)
Miguel Brandio — Deg of Sustainable Develop S orsieer o o s - i
| Science and g, KTH Royal Institute W e " Pt [ - -
of Technalogy, Stockholin 100-44, Sweden; [Bustios st comtnesen st sowes e ot Camcreiuesie o e - ™
Email: miguel brandaogiabe kth.se —— m : :: -
o s S E s : = =
Fanran Meng — Dapartmsent of Chemical and Biological [reee e Pttt o bt - =
Engincering, University of Sheffield, Sheffield $1 3/1, United T rr s o = -
Kingdom; © arcid org/0000-0002-9014-1231 SEPS (espanded polysiyrene), HDPE ({high-density PET 3, PEX () finked r
lypropylene), PU (polyurethane), and PVC {palyvinyl chlocide). * denotes plastic-enabled mixed materials
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Which material i r—— o
causes lesser -
greenhouse gas e S
impact ? - —

e
Perceptions versus | = . = . ..
Realities ! o

- W - - - wl - - |
- paction W Lerdfl e Aecyeing - reduction e Landl e Recytiing |
- Tanapent - ot |
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In Summary, a new journey of plastics:
Towards a circular and low carbon future: Objective and Transparent LCA “A Must”

« The plastic pollution to the environment, especially to the ocean,
has drawn a lot of attention from the publi¢ which results some
negative impact to the entire value chain of plastic industry.

@il and Nataral Ges Mrmnmlrl mm:h.m Pm_ Products tackle ﬂl_f.'be‘d'ldnengt-b Eff()rts. reqmred fwm the feedstoc

polymerization, product design and recycling, are all need to be

considered.

+ Shifting to the low carbon feedstock is key to reduce the total
v emission of pla_sti_cs, while make: it r_ecyclab]e is cmqial to achieve

Circularity and low carbon have been perceived as the sulutmn to

e b‘m low carbon emission for the entire life eycle of plastics.

+ Mechanical recycling aims to make more post-consumer
recycles (PCR) being used to some high-end applications to
incentivize more plastics being collected and regenerated.

* Suhject to further detailed comparison through LCA and
economic viability analysis, the advanced recycling is the last
stop for those unrecyelable, avoiding them to the incineration or
landfill, and generate value through the pyrolysis or gasification

e i process. The secale is key to make it profitable and sustainable.
Source: Adapted from ScienceDirect (2025) by Bin Li. Yichun Ma, Hui Li
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Fundamentally, A Matter of Professional, Policy and Political Choices
Policy Choices and the Associated Trade-offs Greenhouse Gas Reduction
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Recent Personal Ohservation:
Urgent Call for Very Stringent Enforcement Globally and Locally

Plastics Everywhere in Urban Areas Very Difficult to Find a Single Plastic Bottle Disposed of in Kenya
National Reserve as A Result of Very Strict Enforcement and Control

. mme R —-r___,

Despite many visitors, Because every visitor is strictly required to take
land cruisers and away every piece of rubbish and plastic bottle
animals , or the tour guide/driver’s licence be cancelled
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A Balanced, Holistic and Life Cycle Management Approach Towards Sustainable
Production and Consumption of Plastics in the Context of UNSDGs

GOOD HEALTH \ GOOD HEALTH
AND WELL-BEING S ] AND WELL-BEING

s

T G
| CO

L W

The Challenges and Opportunities of Plastic Circularity,

Life Cycle Net Zero Environmental Footprint and Sustainability

(a) Avoiding harm through sustainable and
optimal production and consumption and strict
enforcement
(b) Building synergies with UNSDGs
(c)Fostering cross-sectoral collaboration

Gl — The Challenges and Opportunities of Plastic Circularity,

Life Cycle Net Zero Environmental Footprint and Sustainability

Call for Industry-Wide Alignment and Collaboration

“The race toward net-zero plastics it isn't just about innovation, It's
about collaboration. ........value chain players who move early to
secure renewable feedstocks, circular materials, and clean
technologies will not only cut emissions—they’ll also build long-
term resilience and brand value. As decarbonization accelerates
across industries, the plastics sector must step forward not only
with ideas, but with action.”

Plastics Engineering (2025), Juliana Montoya | August 7, 2025, based on McKinsey 2025 report

Thank You !

Welcome Any Collaboration (ewkau@hotmail.com)
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Dr Chris DeArmitt

President of Phantom Plastics LLC

Dr. DeArmitt is a world-renowned plastic materials and microplastics
expert, award-winning keynote speaker, and author. With over 5,000
studies reviewed, he exposes misinformation and champions science-
based decisions on plastics and sustainability, helping industry
leaders, lawmakers, and the public see through the myths to the real
environmental evidence.

MICROPLASTICS

CAUSE FOR CONCERN?
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Fact Check —

Crris DEARMITT PHD FRSC FIMMM CCHEm
President - Phantom Plastics LLC =
Phone: +1 601 620 8080

E-mail: chris@phantamplastics.com

D, Chris DeArmitt is an intemationally recognized sclentist, aufhor, and thought leadar in materi
fenown for hig redentless commitment 1o uncovering and communicating the truth about plasti
and thelr enviconmental impact. With & career spanning decades and grounded In rigorous, peer-reviewes
research, Or, DeArmitt stands at the farefroat of cispoling myths and correcting misinformation pervasive in
today's environmental discourse

Huithar of influential books such as The Plastics Paradox® and “Shattering the Plastics Nlusion," Dr, Dedrmitt
cambings scientific depth with cngaging clasity, roveafing through meticwlous analysis how conventianal
rarratives about plastics ard their acological footprint often diverge dramatically from reality. His work is
driven by a passion for scientitic integrity, using evidenee-based reasoning 1o challenge widely held beliefs and
inform sustainable poficies.

As the founder of the Mastics Research Council, Or. Defmitt has created an essential rosource dedicated to
educating palicymakers, industries, and the public aboul scientifically validated erviranmental facts. He has
reviewed over 5000 scientific studies. becoming a leading authority whoss insights influence both academic
rircles and global industries. The work i3 endorsad by profassors workd-wide

Beyond asademia and research, Dr. Dedemitt is 2 2ought-after keynate speaker, adept a1 translating complex
seientific concepts into compelling narratives that resonate with diverse audiences worldwide His engaging
presentations not only fuminate critical environmental truths bot inspire thoughtful dialogue, driving
meaningful change in how society percelives and inferacts with plastics.

Dedicated 1o a futwre where environmental decisions are roated in factuzl accuracy rather than misconcaplions,
Dr. Dedrmitt continues to be an influeatial wice advocating for evidence-based environmental stewardship,

LIFE CYCLE ANALYSIS > CarbonDioide

FACILITY - Energy Used

FUNCTION
@ > Water Used

. REPAJRSG LIFECYCLE
o RECYCLIN ANALYSIS
o RAW MATERIALS @ LCA @ > Todcity

® MANUFACTURING PROCESS

- FEutrophication
© TRANSPORTATION & PACKAGING e

> Waste

= Acid Rain

LCA is the only proven way to know what is green

PLASTICS DISTRACTION | WHAT IS GREEN?
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PLASTICS REDUCE C0,

"We assess 16 applications where plastics are used across five key sectors:
packaging, building and construction, automotive, textiles, and consumer
durables.

These sectors account for about 90% of the glabal plastic volume,

Our results show that in 15 of the 16 applications a plastic product
incurs fewer GHG emissions than their alternatives.

In these applications, plastic products release 10% to 90% fewer emissions
across the product life cycle.”

PLASTICS MASSIVELY REDUCE CO,

szl Ensttivouse G Eniessons I Misid Gases, Exsvonmelal St &
L3069

PLASTICS DISTRACTION | WHAT IS GREEN?

LIFE CYCLE
ANALYSIS

“Several studies have shown many materials used as alternatives to plastic in packaging, such as cotton, glass,

metal or bioplastics, to have significantly higher CO, impact or water usage compared to plastic packaging. On

average over current food packaging, replacing plastic packaging with alternatives, would increase the weight
of the packaging by 3.6 times, the energy use by 2.2 times, and the carbon dioxide emissions by 2.7 times”

N. Voulvoulis et al, Examining Material Evidence - The Carbon Foatprint, Centre for Environmental Palicy, Imperial College London & Vealia UK, ACC, 2019

PLASTICS DISTRACTION | WHAT IS GREEN?

MATERIALS USE & GROWTH

12

W~

Other(for example, plastic)
= "7 e Metals
=
% . s Asphalt
s W Bricks
g ol s Aggregates Anthropogenic
BN Concrete Mass
0.2
0
1800 1920 1840 1860 1880 2000 2020
Year

E. Efacham ef al. Global human-made mass exceeds all living biomass, Nature, Vol 588, p442. December 2020
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DUST DANGER

“Nine out of 10 peaple breathe air that does not meet World Health
Organization pollution limits. Air pallutants include gasses and particulate
matter and collectively are responsible for ~8 million annual deaths.
Particulate matter is the most dangerous form of air pollution, causing
inflammatory and oxidative tissue damage.”

"It is well documented that PM is assaciated with harmful outcomes to
animal and human health. In addition to direct exposure of the respiratory

system, airborne particulates can cross endothelial barriers, enter
circulation, and accumulate in multiple organ systems.”

PARTICLES ARE A REAL AND PRESENT DANGER
T0 HUMAN HEALTH

1.7 Pryor at al, Thw Phosioiogical Efficts of & Pafisor Partioiate Mitter, Physiology aad Osease, Fromtiers i Puliic Hoalth,
‘olama 10, Adticle BH2565, 7022
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ENVIRONMENTAL DANGER

Plastics and microplastics not a factor

. Lomborg, Welfare in the 215t century: increasing development, reducing inequality, the impact of climate hanga, & the cost of climata polices, Technological Forecasting & Social Change, 156 (119581, 2020

Indoor Air Pollution |
Outdoor Air Pollution | RGN
Unsate Water _
"
Unsafe Sanitation | S
Lack of Handwashing _
Ozane -
Global Warming i
Radon ]
0 05 1 15 2 25 3
Million Deaths per Year
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DUST

“Microorganisms, microfungi, endotoxins, allergens (mite, dog, cat),
macro molecular organic compounds, water, fibers, aldehydes, plasticizer,
human and animal skin fragments, paper fibers, glass wool, wood and
textile fibers, inorganic (guartz, calcite, feldspar, gypsum and rocksalt)
and metal particles.”

PLASTICS ARE NOT MENTIONED AS A
SIGNIFICANT COMPONENT OF DUST

L. Woiteve & o, Hiarse st in sevee G ONcis, Abmogher i Eniroamest, 34, pp 47671-4775, 2000
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DUST

“The respirable fraction was obtained in a yield of 0.6% with a specific
surface area of 2.5 m/g and a Mass Median Aerodynamic Diameter of
373+ 0.5 pm. Aluminum and zine were the dominating metals measured
in the dust, whereas the major mineral components were found to be silicon
dioxide and calcium carbonate. The fraction of organic matter in the dust
was measured to be 69 + 1%, The organic matrix contained bacterial and
fungi and a presence of skin fragments.”

DUST CONTAINS MANY TYPES OF PARTICLE
SOME OF WHICH ARE PROBLEMATIC

A Guetafsson et al, lsedotion and charzoterizabon ol 3 respiable parkoe frackon fromresdentil bouse-dist Emeranmentl Resear ch
181, pp 234-200, 2018
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DUST DANGER

A Asbestos 100 000 deaths per year

B Grystalline Silica Causes Gancer »>13 000 deaths per year

( Soot Causes Cancer

[} Oak wood Causes Cancer

£ Cotton Inflammation, bacteria, fungi

F Hay Microarganisms, endotoxins, and mycotoxins

( Polystyrene (of a type not found in actual dust)

H Polystyrene in Salt Water (of a type not found in actual dust)

Other particles show a real, proven threat but plastics do not

SOME PARTICLES ARE A REAL DANGER

ot prperfies to bmeicty: Comsaring micnopiastics to oftar sitherse microperticles, bl of Hazanios Materals,
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DUST

“Wood dust was classified as carcinogenic to humans,”

"Strong and consistent associations with cancers of the paranasal sinuses
and nasal cavity have been observed both in studies of people whose
occupations were associated with wood-dust exposure and in studies that
directly estimated wood-dust exposure.”

NATURAL PARTICLES LIKE WOOD DUST ARE
MORE DANGEROUS THAN PLASTIC

RN Mermgragts an Ih Evakeotins of Gorcisogenic
it Bteir

i, -0

Fieks tn Hurmass
THianrish sl
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DUST INGESTION

“Respirable quartz measurements from the South African farm ranged from
not detectable to 626 pg m2 and confirmed the quartz risk as some
concentrations exceeded generally accepted occupational exposure limits in
all jobs evaluated...”

“Twelve of 138 respirable dust measurements (9%) and 18 of 138 respirable
quartz measurements (13%) exceeded commonly used occupational
exposure limits of 2 mg3 and 100 pg m, respectively. The highest time
weighted average respirable quartz concentration of 626 pg m was during
whea planting activities. Fifty-seven percent of the respirable quartz
measurements exceeded the American Conferance of Governmental
Industrial Hygienists (ACGIH) Threshold Limit Value (TLV) of 25 pg m,
Quartz percentages of the respirable dust ranged from 0.3 to 94.4% with an
overall median of 13.4%.”

QUARTZ EXPOSURE CAUSES CANCER

I 1. Smanezoad e ol (uartr exesiee i agricettire (ifershure reviess and South African Seresy, Aneals of Gooupotional Hygizne, 54 (3. pp 281792 2010
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DEGRADATION

= There are thousands of scientific studies over decades FUNGI
= Same degradation chemistry as wood, wool, cotton @ SUNLIGHT
= Plastics are degraded faster than most materials ® TEMPERATURE

«Degradation rate can be adjusted as nesded DEGRADATION o INSECTS
= SHBM a year on stabilizers to slow degradation @ BAUSES e o WATER

@ OXYGEN

O @ ® BACTERIA

PLASTICS DEGRADE

PLASTICS DISTRACTION | DEGRADATION
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REBRANDING DUST

Solids fragment into microparticles as they age and degrade e.g. metals,
sand, rock, glass, leaves

There are no hits for “microwood, micrometal, microglass, micropaper”

ALL SOLIDS CREATE DUST PARTICLES

Vi Ak, Enaron. S, Technal, 55 (] op SOE4-5CK
tian bt the Cavorade Fret Fiangs, LSK, J6H Earth Surfane

rinrtial Bouse-diest Faviron st Resezrch 81

m of a respatie i

tror Crishicbedite, MAG Monographs 1000
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REBRANDING DUST

Leaves degrade and crumble into particles & no-one cares
Rocks crumble and degrade into particles & no-one cares
Paper degrades into particles & no-one cares

Plastic degrades into particles & everyone panics

Why?

They think it's some new, unrecognized threat

But it's not new, not unrecognized and not a threat

Plastic is a tiny, non-toxic fraction of dust

50 years of science and the FDA agree

ALL SOLIDS CREATE DUST PARTICLES

PLASTICS DISTRACTION | MICROPLASTIC

Acute Toxicity Chronic Toxicity

Material / Substance: | 704c Porson  NOAEL 70kg Person

Sugar -2000g Glg
Azahol (ethanol) ~500g 128
_§.|:|-|';'EI'I'\'IEI'.E :T:ﬂrr »7ig
Polypropylens »350g +140g
'J"|i“" i'u!epullmlutu : JSUu >|'Ug
PVC {unplasticized) +350g NiA
Calcium Carbenate - Filler »350g »Ilg
Tl Mineral - Fller 350 260
Calcium Stearate - Lubricant >100g >140z
Irgaphos* 168 - Stabilizer 350 g
I-r_ls".sx-' 1076 - Stabilizer ’.:i.:.-ﬂl_l, T']g .
Irganox® 1010 - Stabilizer .350g 100-200g
Irganox® 1330 - Stabilizer »d50g 358
Iron Powder >350g 14g
atfein L J.4ag
Coppar Metal 30g -Ig
Cu Dissolved 35¢ 0.005¢
Micotine 0.ig 0.00006g
EPA towicity ratings: Practically Non-Toxic Slightly Toxis Maodnrately Taxis Highly Toxic
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MICROPLASTICS

“Insignificant”

the intake of ot
ficant, as they |
s not imply t
jilar.”
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OCEAN PLASTIC

"We conducted an ecological risk assessment of MP in the global ocean by
comparing the thresholds of biological effects with the probability of
exposure to those concentrations...”

"Levels of MP from 100 to 5000 pm span from < 0.0001 to 1.89 mg/L,
whereas the most conservative safe concentration is 13.8 mg/L. and

prabability of exposure is p = 0.00004. Therefore large MP pose negligible
glohal risk.”

“NEGLIGIBLE™ RISK FROM MICROPLASTICS

£ W Schéoeman, Carrenthy menihoned micog

e gl ook s 11k Lo e
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DUST TOXICITY

Quartz dust Carcinogenic
Wood dust Carcinn'genic
Leather dust darcinugenic

Soot Carcinogenic

A Stes & ] Wizm
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MICROPLASTIC

“This work for the first time investigated and compared the intestinal uptake
and cytotoxicity of microplastic particles of the commonly produced
materials PE, PP, PVC and PET in vitro.”

“None of the particles triggered acute toxic effects, regardless of their shape
and material.”

“Only excessively high concentrations far beyond realistic dietary exposure of
consumers induce cytotoxic effects.”

NO PROBLEM FOUND FOR INGESTED
PE, PP, PET OR PVC

¥ Siock ot al, Uptoke and calukar affocts of PE PP T micnsiasd
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tic particles, Tascelogy in Vitre, 700 RIGH21, 2021

MICROPLASTIC FIBERS

“These results demonstrate that repeated daily ingestion of 2 spunbond,
nonwoven polymer fabric consisting of polyethylene and polyethylene
terephthalate for up to 13 weeks is well tolerated in rats, with no apparent
target-organ toxicity at dietary levels up to 5%, and that fabric extracts are
not mutagenic in a bacterial reverse mutation assay.”

SYNTHETIC FIBERS ARE SAFE

s with o Spunbond Pobyatiese and Pelyetiigian Teraplithatne Palymer Fobiic

PLASTICS DISTRACTION | MICROPLASTIC
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PTFE TOXICITY

There is strong evidence supporting the biological safety of PTFE,
including specifically for ingestion purposes. Large valume
ingestion of PTEE, at levels of 25% of the diet, is generally
recognized as safe based on extensive animal feeding trials and the
extreme inertness of the material.

Animal feeding trials showed that rats fed a diet of 25% PTFE for
90 days had no signs of toxicity and that the rats lost weight.”

R, Naftalovich et al, Polytetrafluorosthylena Ingastion as a Way to Increasa Food Volume and
Hence Satiety Without Increasing Calorie Content, Joumnal of Diabetes Science & Technoloay,
10 (4), pp. 871-9786, 2016

PLASTICS DISTRACTION | TOXICITY

MICROPLASTIC

*..the experimental design of most studies does not allow
distinguishing plastic-specific effects from those caused by any
other particles, such as clay and cellulose, which are ubiguitously
present in the environment. We sugoest that microplastic effects
reported in recent ecotoxicological studies are similar to those
indueed hy the natural particles.”

#we kow aboal micreplistic eflects - & oritical

PLASTICS DISTRACTION | MICROPLASTIC

MICROPLASTICS NOT A
HEALTH THREAT

“Environmental exposure to synthetic particles is
ubiquitous and may increase due to their
environmental persistence and the increased use of
these materials. However, observable health effects
from this exposure are not likely to happen at current
concentrations.”

16 Pratain T. Rocha-Santos. M. Costa, C. Mounsyrac (eds), Handboak of
Microplastics in the Emvironment, Springer Switzerdand, pp 177-202, 2022
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"WATER, ARANDEVERY ..
PARTICLE N THE WORLD'S AsF" 3
A“VECTOR"BUTTHAT ¢

THEM

DOESN'T MAKE
TOXIC.

- DR. CHRIS DE ARMITT

CLEAN MICROPLASTICS

L J
.O

MICROPLASTICS WITH ABSORBED TOXINS

Fish swimming in toxic ocean water Fish swimming in cleaner ocean water

PLASTICS DISTRACTION | MICROPLASTIC

TOXINS

Plastics absorb toxins and protect aquatic life

1200 L]
Without microplastics
= 1000
w20 [ ]
% = 800 P
=% .
EE s
§ g 600 ° =
=5 ®
52 400 o
= L .
2 [ With microplastics
200 | 8 o
u 4 ae "‘-. Frestwatar midgs Earvae — Chwommes ool T by weight mlon 13-18pm, P0E=: 47 08, 100,153
( 500 1000 2000 2000 2500 3000

Fiorton, Micreptastics in Freshwaier Systons, Castre for boology & Hydrolegy, 2017, A M. Patacio-Cortis, et al. &

Sediment PBDE concentration pg/kg)

d ettects an gut micrebial community of Chimeomes tncticand, Science of te Total Emiroament, H32, 20077
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EATING MICROPLASTIC

WWF-funded study says we eat up to a credit card of plastic per week (5g)
Newer independent study says that would actually take over 20 000 years!

“Gomparing our findings with the intake of other particles, MP
mass intake rates are insignificant, as they make up for only
0.001% of these particles.”

MICROPLASTICS ARE JUST 0.001% OF
INGESTED PARTICLES AND “INSIGNIFICANT”

10, Gone et al. Horman Gorsumpthan of Wtropistics. Emiron. Sok. Tnchnel. 53,12, 3068704, 2013
Biur sy Wotamed Nor et al, Lifetima hastic hilts, Emviren. Sci Techmol_ 55, 8, 5084-5058, 2071
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MICROPLASTIC & FOOD

“Apples had one of the highest microplastic counts in fruit, with an average of 195,500 plastic particles per
gram, while pears averaged around 189,500 plastic particles per gram. Broccoli and carrots were shown to be
the most contaminated vegetables, averaging more than 100,000 plastic particles per gram.”

Greenpeace East Asia

\i,'_‘

Shockingly, they did not detect plastic at all - they assumed there was plastic without evidence!

.0 Canfe o . Micit- and sane-lastcs i edibie il avdl vegetibles - The irt et i o the gener poguiitos, Enviromeéntad Resiarch 147, 100577, 2020
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MICROPLASTIC REALISM

*>80% of studies are identified as not refiable”

*..few studies provide information that support that the particles tested are
representative of NMPs found in the environment, or that the concentrations
tested are representative of environmentally relevant exposure scenarios.”
~46% on polystyrene (of a special kind that doesn't exist in the environment)

10% of studies on PE, 5% PV, 3% PP, 3% PET

SCIENTISTS ARE DOING INVALID STUDIES ON
THE WRONG KINDS OF PARTICLE

T. Govin el o, Scroteg and priorifistion of aene- s micropleste prkcdo bovicty st o ot bezal ks

deveinoment an sppheation of o bty sy msesseent tool, Moropiasties B Marnglasties. 7 |2} 2002
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MICROPLASTIC REALISM

"Microplastic research is an emerging field, and there is a lot of
misunderstanding and in some cases over-reaction or misinterpretation of
results from MP seience in the public, We therefore strongly suggest that
future studies of MP impact on marine ecosystems should also include
concentrations that have been documented in the environment to yield more
realistic estimates of sublethal effects.”

"Experimental exposure concentrations tend to be between two to seven
orders-of-magnitude higher than environmental levels.”

ABSURDLY HIGH CONCENTRATIONS ARE USED
T0 SCARE AND DECEIVE THE PUBLIC

mesh size or baad diamater [lm]

R Lenr. K. Eders, and 7.1

ezt maprsane shurles Shoelg be Bavimamestady reaiatl,
Peosbings of e N I

chites. 117 (25 EI21-£4122 200
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MICROPLASTIC IN DUST

Misleading the public

Studies throwing away >39% of the sample
mislead us

PLASTICS DISTRACTION | MICROPLASTIC
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TRANSLOCATION OF
PARTICLES SINCE 1844

N. Hustain et al. | Advanced Dy Delivery Reviews A0 (N 07142 109
Table 2
‘ ‘ s.l-lh:-m cusmplis of inom particulabe matler rasslocatod by the mansmalion got
Particle Tvestigatars (Ref.) Year Size Animal
_The ea_rliest knuwn_ report of par_tinle entry into B near [H 350 gt D
intestinal lymphatics was cited in 1844 when Surct it 251 1505 1100y Dg
: Starch Verzar [23] 1911 T Deg
Herbst observed starch granules in the blood ey Ko U] 1926 $p Rabb
Abex Sanders an shworth [202] 1} nam a
and lymph vessels of dogs 3 h after they had Starch Valkbeimer ¢ o, [24] 150 um Human
.. Lamex. Lefevee and Jocl [26] 2-16 um Mice
been fed orally. Oesterlan recapitulated the Lead Bensi et l. {351 40 pam Ra
. - Percall Matuno e al. [197) 003 pm Mice
same process after feeding coal particles to A Nelaper et l. [196] 130 om Ra
Cald Fiskad et ul |65 nm Rat
Latex Wells e al I[;'J: Tulnm Rat
Latex Pappo and Ermuk |132] 1 pm Rabhil
Latex Jani et o, [#9] 005-3 gm Rat
Latex Ehel [203] 2-10 pm Mice
Liprsomes Childers et al, {91] 1 Mice
PLOA Eldridge er al. [83] 1-10 wm Ru
Latex McMism et al. [177) 2 pm Rat
Polyastyadride Muthbowitz et af, |124] 010 s Rabbit
Latex, dyes Seentkuti [79] 001-1 s Rat
Dendrimer Ploreece ef al. [191] 25 nm Rat
Titanism Bockman o al. [34] 160380 nm. Husman
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Microplastics LDPE

Pl Prihslocyamine

8 1=
i i Hostasol-Green G-K i
B~1Tum
Mars Red T~ 18pm
Mars Yellow 18-21pm

Red 21~26pm

Goathite 26-31pm
(oipha-FeOOH! 31-38pm
Mistallic Gide Rusile(Ti0.) 3 1 jam

Particles A1=agpm

Chromium Chide -

Sample 4 1S 18 9T m 1. 21 B 25 28

“Among twenty-six thrombi, sixteen contained eighty-seven identified particles ranging from 2.1 to 26.0 pm in
size. The number of microparticles in each thrombus ranged from one to fifteen with the median reaching five.
All the particles found in thrombi were irregularly block-shaped. Totally, twenty- one phthalocyanine particles,
one Hostasol-Green particle, and one low-density polyethylene microplastic, which were from synthetic
materials, were identified in thrombi. The rest microparticles included iron compounds and metallic oxides.”

0. Wu et al,, Pigment microparticles and microplastics found in human thrombi based on Raman spectral evidence, Journal of Advanced Research, 49, pp 141-150, 2023
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BRAIN SPOON OF PLASTIC

"However, unknown organic molecules likely remain and influsnce the
resultant Py-GC/MS spectra. Lipids have been noted as a potential source of
interference in Py-GC/MS analysis of PE”

“It was concluded that Py-GC-MS is currently not a suitable analysis method
for PE and PVC in biological matrices due to the presence of interferences
and nonspecific pyrolysis products.”

Takes thousands of years to ingest the amount of plastic claimed, so it's
impossible to have 6g in the body.

SCARE STORIES TURN OUT TO BE FALSE

Bl

PLASTICS DISTRACTION | MICROPLASTIC

MICROPLASTICS IN PETS

Very low amounts & no effect

“In this study, PET was found in
61,000 and 30,000 ng g 'in

“While limited by sample size, no evidence was
support accumulation in older animals nor r
cause of death.”

PLASTICS DISTRACTION | MICROPLASTIC
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MICROPLASTIC FORMATION

“The assumption, that MP particles particularly enter re-usable
hottles during the bottle cleaning process, could not be

confirmed: cleaned, unfilled bottles were found to be nearly b

frea of MP in the size range analyzed (=11 um), even though the i

caustic bottle cleaning solution contained thousands of MP per o BOD -

L. It seems that carryover of MP particles from the caustics into = [

the bottles was prevented by fresh water jetting” 2 o |
k= |

“Instead, a drastic increase in MP numbers was found when 5 0

comparing un-capped and capped bottles, hinting at capping = 200 ‘

and bottle opening to be the main entry paths for MP in bottled 100

mineral water. Cap sealing materials should therefore be tested 5
for abrasion resistance." 4 y T « Ul
- Raw water De-farrized Cleaned Filled Filled &
water Bottles uncapped bottles  capped bottles

MICROPLASTICS FORMED BY CAPPING Lo etcton

3 i Mineral Waker, Water, 13, B0, 2021

| Wztsser e al, Fram the #ed fothe Batse: Hentiylag Sminzs of Mt
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POLYESTER VS COTTON

Polyester reduces fibers

A t they were all paly
PES-Knit-Filament, PES-

r, while the others were all of
ature.”

ering, and ta Al
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POLYESTER VS COTTON

Polyester reduces impact & fibers

r garments have lower GHG emissions and LU compared to the
] . However, b
onmental pollution throu
i t polyest

They excluded the lowest impact option for a
“reason” that is false because polyester
massively reduces fiber release.
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MICROPLASTIC & EVEREST

MATOMAL
CEDCRAHC

ENVIROHMENT

Microplastics found near Everest's
peak, highest ever detected in the
world

Since when was “I found dust” news? Dust is everywhere.

SPURIOUS NEWS IS MISLEADING US

R Hethts i Pistac PolhSon—Prefimieary Fiediogs of Wicroplastics on Mounl Evereal, Ose Earia
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MICROPLASTIC

“The results show that most scientific studies (67%) frame microplastics
risks as hypothetical or uncertain, while 24% present them as established,
In contrast, most media articles reporting on microplastic impacts (53%)
imply that risks of microplastics exist and harmful consequences are
highly probable."

SOME SCIENTISTS AND THE MEDIA ABANDON
THE TRUTH FOR MONEY AND ATTENTION

AL ard M Wagner, On the Craation of Bk Frasieg of Micrplastics Risks. in Schncs asd Modia, Gobal Claflenges.
A

PLASTICS DISTRACTION | MEDIA

91




NGO SCORECARD

NGOs say problemis  Science says problem is NGOs right or wrong?

Materlals Plastic Concrete, wood, metals Wrong
Waste Plastie Manufacturing, mining, oil, gas Wrong
(11 Plastic Metals, cement, paper Wrang
Fossil fued Plastic Iran, steel, cement Wrong
Oceanplastic  Dangerous Increasing “Megiiginle” Constant Wrong
Turtles Plastie Trawling, fishing, best striks Wrong
Whales Plastic Fishiing gear, vessel strikes Wrang
Birds Plastic Bulldings, pawarlines, cats Wrong
Particles Plastic Soot, inorganics (quartz, Ph, Cd) Wrang
Todns Plastic Lead, mercury, cadmium, doxins Wrang

SO-CALLED “ENVIRONMENTAL" GROUPS ARE HARMING
THE ENVIRONMENT WITH DISASTROUS ADVICE

PLASTICS DISTRACTION | FACTS
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Mr Frank Schepers

General Director of TML Plastic Mongolia

Mr Schepers brings 30+ years of recycling expertise. Formerly at
Swire Coca-Cola, he led strategies for 30 - 50% rPET integration.
His leadership spans global and local circular economy initiatives,
including Hong Kong's New Life Plastics, driving sustainability, cost
efficiency, and operational excellence across the sector.
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LOSING THE LOOP: ACHIEVING
USTAINABILITY, EFFICIENCY,

ND EXCELLENCE IN THE
IRCULAR PET BOTTLE-TO-
BOTTLE ECONOMY

Innovative recycling model enhancing environmental and

business goals

AGENDA OVERVIEW

Introduction to the Circular Economy and PET Bottle-to-Bottle
Recycling

* Mapping the Full PET Value Chain: From Consumer to Bottle

» Extended Producer Responsibility (EPR) and Global Collection Best
Practices

* Processing Journey: From Collected PET to Food-Grade Bottles
* Value Creation and Value Sharing Across the Chain

» Operational Excellence, Sustainability Metrics, and Inspirational
Success Stories



INTRODUCTION TO THE

CIRCULAR ECONOMY
AND PET BOTTLE-TO-
BOTTLE RECYCLING

DEFINING THE

CIRCULAR ECONOMY
AND ITS SIGNIFICANCE

Concept of Circular Economy

The circular economy emphasizes
eliminating waste through continuous

euse of materials in production
processes.

Contrast with Linear Economy
Jnlike the linear economy, the circular

model promotes recycling and reuse Lo
MINIMIZe resource consumption

Environmental and Resource Benefits

Circular economy reduces environmental
impact by canserving resources and
lowering waste generation

OVERVIEW OF THE PET
BOTTLE-TO-BOTTLE MODEL

Collection of Used PET Bottles

Used PET bottles are collected from consumers to
initiate the recycling and reuse process, reducing landfill
waste

Processing into Food-Grade Recycled PET

Collected bottles are processed and purified into food
grade recycled PET suitable for manufacturing new
bottles

Manufacturing New Bottles

Food-grade recycled PET 1s used to manufacture new

bottles, creating a sustainable closed-loop system that
reduces virgin plastic use,
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PAN
BENEFITS FOR SUSTAINABILITY, S M »

EFFICIENCY, AND BUSINESS _ _ ?

Environmental Benefits

The model reduces carbon footprint and conserves f

LR
e
nalural resources Lo protecl the environment. r k<3
\ »
”

Operational Efficiency

Closed-loop processes improve efficiency by minimizing ;}4’
waste and optimizing resource use ;_

Economic Opportunities

Ry
G 2 £
Husinesses and stakeholders benefit economically 1 y f "
through new sustainable husiness models and growth : \

MAPPING THE FULL
PET VALUE CHAIN:
FROM CONSUMER TO

CONSUMER
RESPONSIBILITY AND

AWARENESS
',L__é-’:t;‘ Proper Disposal of PET Bottles

Consumers must dispose of PET bottles
correctly to reduce environmental pallution
and promote recycling eff ciency

Participation in Recycling Programs

Active involvemenl in communily recycling
ams helps conserve resources and
supports suslainability efforts.

Raising Consumer Awareness

Educating consumars about recycling
ts responsible behaviors
ecanamy



COLLECTION MODELS:

DEPOSIT RETURN
SCHEMES, CURBSIDE

REVERSE VENDING

Deposit Return Schemes

Deposit return schemes encourage
consumers to return containers for
refund. increa recycling r
matenal quali

Curbside Collection

Reverse Vending Machines -]
Reverse vending machines automate

returns of recyclable items, streamlining
collection and reducing contamination

STAKEHOLDERS IN THE

'ALUE CHAIN

Stakeholder Collaboration

Effective collaboration among all
stak ders efficient collection

and sorting of recyclable materials

Optimizing Recycling Processes

Optimized recyeline
"ESOUrCE recovery

nenefits

Role of Policymakers

ons that

anagement

EXTENDED PRODUCER
RESPONSIBILITY (EPR)

COLLECTION BEST
PRACTICES
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PRINCIPLES OF EPR AND ITS

IMPACT ON RECYCLING RATES

Preducer Respoensibility

EPR requires producers Lo finance or manage recycling,
promoting accountability in waste management.

Design for Recyclability

EPR encourages product design that facilitates easier
recycling, improving overall sustainability

Improved Recyeling Infrastructure

EPFR enhances recyeling collection and processing
facilities, boosting recycling rates sffectively

Regulatory Frameworks

Eurcpe and Asia use strong regulations Lo support Extended Producer Responsibility and enhance PET bottle recycling rates

Stakeholder Engagement

Collaboration among governments, businesses, and communities is vital Lo successful EPR programs in bolh continents.

Innovative Collection Schemes

Crealive approaches to collecting PET bottles improve recycling efficiency and participation in Europe and Asia,

IMPLICATIONS FOR POLICY,

BRANDS, AND RECYCLERS

Policy Development Impact

EPR influgnces the creation and enforcement of policies promoting
sustainable resource management across industries

Brand Strategy Alignment ; I
Brands adapt strategies to develop sustainable packaging and meet EPR
compliance for environmental responsihility

Recycler Operational Efficiency

Recyclers optimize processes to ensure compliance with EPR and imprave
material recavery efficiency
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PROCESSING

JOURNEY: FROM

COLLECTED PET TO
FOOD-GRADE BOTTLES

Effective Material Sorting

Sorling removes contaminants and separates PET
bollles rom other materials o ensure purily in
ecycling

Thorough Cleaning Process

Cleaning eliminates residues on PET battles, essential
for producing high-quality recycled material

Infrared Sorting Technology
Infrared sorting enables precise identification and
separation of PET from other materials, enhancing
recycling efficiency

Washing and Decontamination

Advanced washing lines and decontamination
processes remaove impurities, improving the purity of
recycled PET

Quality Control Standards

Rigorous quality control procedures ensure recycled
PET meets strict food safety compliance standards



PRODUCTION OF PREFORMS AND NEW

FOOD-GRADE RECYCLED PET BOTTLES

Recycled PET Processing

-

Clean recycled PET material is processed carefully to ensure quality for reuse in
naottle production.
Preform Molding

Recycled PET is maolded into preforms, the intermediate form before becoming bottles

Battle Production

Preflorms are blown into new food-grade boltles, completing the closed-loop
recycling process

Sustainability Benefits

This closed-loop system reduces virgin plastic use and minimizes waste, supporting
sustainability goals,

VALUE CREATION
AND VALUE SHARING
ACROSS THE CHAIN

ECONOMIC BENEFITS FOR EACH cganie ‘\\
STAKEHOLDER /,/ S N\
Consumer Cost Savings / 3 ' / 4\ G

Consumers benefit from lower costs due to efficient recycling and reuse of / i f 3
PET bottles in the circular system // l\, —_— I
\ . i
- H
= \ :
Job Creation 2, .
J ~ Ve
The circular PET system creates jobs across collection, recyeling, and ) 7=

manufacturing sectors, boosting employment

Manufacturers and communities benefit from new market opportunities
created by sustainable PET botlle reuse and recycling

Market Opportunities ; =S o _///
SO
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COST EFFICIENCY THROUGH CLOSED-LOOP PROCESSES

~ Reduction in Raw Material Costs

Closed-loop recycling significantly lowers

el 7

==
=

|2

Waste Management Savings

Efficient waste reuse decreases disposal costs and minimizes environmental impact

Operational Expense Reduction

tt e | h Improved resource efficiency across the supply chain lowers overall operational costs

Incentives for Value Sharing

Incentives motivate stakeholders to actively participate in value sharing, enhancing circular economy praclices.

Collaborative Partnerships

Partnerships foster collaboration and resource sharing for stronger innovation and sustainability outcomes

Community Impact

Shared value initialives improve social and environmental conditions in local communities

OPERATIONAL

EXCELLENCE,
SUSTAINABILITY METRICS,
AND INSPIRATIONAL
SUCCESS STORIES

100



OPERATIONAL BEST PRACTICES AND CONTINUOUS
IMPROVEMENT

Standardized Processes

Adopting uniform procedures ensures
consistency and efficiency in PET recycling
operations

Performance Monitoring

Tracking key metrics halps identify improvement
areas and maintain high operational standards
Fostering Innovation

Encouraging creative solutions supports
overcoming challenges in the circular economy

USTAINABILITY KPIS:

CARBON FOOTPRINT, WATER "o
USE, AND WASTE REDUCTION %

Carbon Footprint Tracking

"*34.

Measuring greenhouse gas emissions helps
organizations assess environmental impact and
reduce carbon output

Water Consumption Monitoring

Tracking water use enables efficient management and
conservalion of this vital resource

Waste Reduction Metrics

Measuring waste generation supports strategies to
minimize landfill and promote recycling.

EYE-CATCHING EXAMPLES OF SUCCESSFUL
BOTTLE-TO-BOTTLE INITIATIVES
Global Cellaborative Efforts

Worldwide collaborations between governments and industries boost
circular bottle-to-bottle recycling programs.

Innavative Recycling Technologies

Advanced technologies improve PET bottle recycling efficiency and quality
for reuse

Effective Policy Support

Holicies and regulations incentivize sustainable recycling and circular
ecanomy practices worldwide
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CONCLUSION

Circular Economy Model Collaboration and Commitment to Closing
Innovation the Loop

The PET bottle-to-bottle model Successful implementation Continuous commitment is

exemplifies sustainability by relies on partnership and essential to efficiently close the

promoting reuse and reducing innovative approaches across loop and achieve business

waste in production. the entire value chain excellence.
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Disclaimer

Any opinions, findings, conclusions or recommendations expressed in this material/event (or by
members of the project team) do not reflect the views of the Government of the Hong Kong Special
Administrative Region, the Innovation and Technology Commission or the Vetting Committee of the
General Support Programme of the Innovation and Technology Fund.
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