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Session 1. Thé Science and technology of Plastics & techniques/best practices
of plastics pollution assessment and investigation

UNDERSTANDING PLASTICS:

THEIR UTILITY AND ENVIRONMENTALLY SAFE HANDLING




WHAT ARE POLYMERS?

POLYMERS (natural & synthetic)
are long-chain molecules made from
small repeating units
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In contrast,
Size comparison at molecular level, Water, Salt, Alcohol , sugar, etc.
not physical sizes of articles are small molecules



Manifestations of Polymeric materials

1. Plastics 4. Coatings

2. Fibres (Textiles) 5. Adhesives

?*’i ‘3. Rubbers / Elastomers 6. Cosmetics

POLYMERS are all around us! ,



Inventions of Plastics : Timeline
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Fascinating evolution of synthetic plastics over the past 110 years




Recyclable Plastics:
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Polyethylene terephthalate
(PET, PETE)
High-density polyethylene
(HDPE)

Polyvinyl chloride
(PVC)
Low-density polyethylene
(LDPE)

Polypropylene
(PP)

Polystyrene
(PS)
All Other recyclable plastics
Example 1: Polycarbonate (PC)

Example 2: Acrylonitrile
butadiene styrene (ABS)

ldentification Codes

Terephthalic acid + isophthalic acid +

Ethylene glycol (or MEG)

Ethylene
Vinyl Chloride monomer (VCM)

Ethylene

Propylene

Styrene

PC = Bisphenol-A + Phosgene or
Diphenyl carbonate

ABS = acrylonitrile + butadiene + styrene

As per IS 14534 (1998)

Beverage bottles, Jars, Films, Strappings, Fibre and
Filaments, Non-wovens, Medical devices, etc.

Bath-wares, water storage tanks, other household
containers, packaging films, pipes, fuel tanks, etc.

Pipes and fittings, Wire and cables, Footwear, Floorings,
blister films,, blood bags, toys,

Milk pouches, containers, packaging films, agriculture
films and tubings

Chairs, Furniture, Containers, Packaging films, Automotive
components and Washing Machines, textiles, disposable
syringes, etc.

Housings for electrical and electronic goods, Disposable
cups and containers, Foams, etc.

PC: Safety helmets, Aircraft, Security and Automotive
components, Construction tools, Data Storage devices

ABS: Electronic and Automotive components, Pipes,
Instruments body parts, etc.

The codes are only to differentiate each plastic and have no other meaning


http://en.wikipedia.org/wiki/File:Plastic-recyc-01.svg
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Plastic Articles Manufacturing Process

Material Formation

Monomers

‘\________l_________/

Catalyst —

High Temp./Long times (hours)

Shape Formation

"""""""""""""""""""""""" Petrochemical Refiners

POIVmerlzatmn ------------------------------------------------------------------ Polymer Manufacturers

High Temperature/Short times (seconds)

Very Large Scale
5 major refiners in India

Large Scale
17-18 major manufacturers in
India

! = B Convertors

l- —_

= Small Scale

—— 50,000 convertors in India

I£o|o_ran_ts * Extrusion
= = T ° 1
I_Additives Castlng.
e * Moulding
e » Injection
—_ e — *> Blow
(Optional) = Roto
* 3-D Printing
As per IS 9833

Converting plastic resins into shaped articles is very simple and gentle

L pastcsiarices
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Sustainable Packaging: Resource Conservation

. 300 %
Cost of Packaging Increase
Paper & Paperboard
. 150 % Without Plastics aper & Faperboar
Energy Consumption Increase
With Plastics
Volume of Waste 1007
Increase
: - 200 %
Weight of Packaging |
ncrease
0 200 400 600

LCA studies : Plastics are most friendly to the environment and consumers



Plastics in Various Fields

Packaging

Transport Building &

Construction

Plastics are
"ESSENTIAL”

Electronics
Medicine & Health

Agriculture Sports & Leisure

/ Plastics are replacing traditional materials in all areas. /
This Evolution is Natural, Inevitable and Irreversible.



Growth in Global Plastics Production

Source: The New Plastics Economy,
Rethinking the future of plastics, WEF.




Plastics : a case of advantages becoming the bane

Light weight
Durability

Non-breakable

Non-wetting

N o U s~ L e

Insulation

- thermal, electrical
- Biological (VIRUSES, BACTERIA)

8. Versatility
9. Cost-effective

10. Environmental-friendly

Non-interacting/ non-absorbing

Safety (non-hurting/non-rusting)

4 But,
Visibility of its litter is
outscreaming the

\_ Superiority of its eco-footprint
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#BeatPlasticPollution : THE PARADOX

Luiz Rocha L Y
o s \ Follow ) v
@CoralReefFish N /

Humanity in a nutshell, the @NatGeo
magazine about ocean plastic pollution

irapped in a plastig bag inside
ag plastic bag. Photg oger Bassetto.

Y- Messages askmg
ey . “Say no to plastics”

583 Retweets 929 Likes ° 3‘ 0 ‘ 9 s & o .

printed on(Plastic banners

THE PARADOX : HAPPENS BECAUSE PLASTICS HAVE NO “FUNCTIONAL EQUIVALENTS”
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Recycling : Options for value recovery

INPUT

OPTION

Plastics
waste

PROCESS

OUTPUT

(Couect and preparej

Results of process
C Examples of products 3

Recyclate

= Mechanical recycling |—

Semi-finished or
finished products

)

recovery J

~

Energy

| recovery

Feedstock recycling

Chemical raw materials
(monomers or other

Y
Y

chemicals in gas,
liquid or solid form)

— Biological recycling |—»

» Compost

= Methane

Direct and controlled combustion

=  Heat

12




Rigid Packaging

Single Polymer packaging

Water Packaging — PET Bottles
Lube Oils — PE
Health drinks — PP

&G
el T ) ':51

Multi Polymer packaging PE + EVOH

Pickles, Mango Pulp,
Flavoured Yoghurt

Multi Material packaging Paper +
(MLP) Aluminium
+ PE

Fruit juices, milk, coconut water

e.g.
Tetrapak



Flexible Packaging

Single Polymer packaging

Milk Pouch
Water Pouch

Multi Polymer packaging PE, EVOH,
PET, Nylon,

Edible Oil, Standup Pouches PP

Multi Material packaging PE, PET, PVC

(MLP) +
Aluminium

Snack food packaging,

Hair Dye, medicines



Plastics litter management : EPR perspective

PLASTICS-BASED ARTICLES

CATEGORY
OF
PACKAGING

RIGID

FLEXIBLE

COMPLEXITY
OF PACKAGING

Single Polymer

MLP type-1 =
Multi Polymer

MLP type-2 =
Multi-Material

Single Polymer
MLP type-1 =
Multi Polymer

MLP type-2 =
Multi-Material

EXAMPLES

PACKAGING

Food, water, personal care,

beverages,
pharmaceuticals,

Bottles, drums

Pouches with spouts

Blister packaging,
Brick cartons

milk pouches, carry bags,
envelope covers,
wrappers

toothpaste/ointment tubes

wafer packets, pouches,
shampoo sachets,

NON-PACKAGING

Personal hygiene, other
articles

Large articles (overhead
tanks, furniture), crockery,
pipes, combs

bangles, frames, cutlery,
marker pens, tooth
brushes, white goods

footwear, razors

cables, wires,
dental floss

Toys

Litterability
(instinct to
discard) —
weight/size
dependent

Low

Low

Low

High

High

High

Collectibility/
Retrievablity
(from the
wayside litter)

High

High

High

Low

Medium

Low

Recyclability

EASY

Medium

Difficult

Easy

Medium

Difficult

EPR
obligation

Low

Medium

High

Medium - High

High

Very high



Plastics life-chain

Stakeholders

Explorers

Refineries

Polymer Manufacturers

Convertors

Producers

Brand Owners

Retailers

CITIZENS

Generic Output

Crude Oil
Petrochemicals
Polymers
Intermediate Plastic

Components (Films, preforms)

Final/Assembled Plastic
Packaging

Consumer Products

Plastics/Packaging waste

SPECIFIC OUTPUT

OIL & GAS (Fuels and
fractions of chemicals)

MONOMERS
RESINS
BOTTLES,

MULTI-LAYER FILMS
POUCHES, CARTONS

SOFT DRINKS, CHOCOLATES

Vending

Littering SEGREGATION

Platforms for Value

Recovery

e PYROLYSIS

—

(e —— CHEMICAL RECYCLING
—p

» MECHANICAL RECYCLING

eees——

, ROAD MAKING

e , ENERGY RECOVERY

v e~ ' 0 _ (coprocessing of fuels)



POLYESTER’s MANIFESTATIONS
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R-PET fibres : bottles to performance

X @ Adidas used 1.8 million plastic ... <

amp-cnn-com.cdn.ampproject.org

[tV ] =

(@)

Adidas made a sustainable
football field using 1.8 million
plastic bottles

By Allen Kim, CNN

Updated 11:29 AM EST, Mon February 03, 2020

00

(CNN) — Adidas has taken approximately 1.8 million

plastic bottles and turned them into a sustainable
football field.

S11) Audiofficial @
‘ @AudiOfficial

From a plastic bottle to a seat cover:
At the #world #premiere of the new
#Audi #A3 at @GimsSwiss, Audi will
present #sustainable seat covers
made up of 89 % recycled PET
bottles. Find out how this sustainable
product is manufactured >> di-ri.co/
Cuwxs

5:00 PM - 25 Feb 20 - dirico

Emirates launches blankets made of
recycled plastic bottles

Aircraft carrier Emirates has introduced new
blankets made from recycled plastic bottles on its
long-haul flights. Each '‘ecothread’ blanket is made
using 28 recycled plastic bottles, which are turned
into plastic chips to create yarn. Emirates has
claimed that by the end of 2019 around 8.8 crore
plastic bottles will have been recycled through the
initiative.



R-PET fibres : boosting performance

= [ < a®
Erik Solheim
JF |ErSelheim Code green at Australian Open

Noticed an amazing fact about
Australian Open 20207

Ball boys, girls, others are dressed in
T-shirts made in Tamil Nadu, India «=.
1,88,708 PET bottles used to make
25,000 shirts. Beating Plastic
Pollution!

Akila Kannadasan

JANUARY 30, 2020 16:46 IST
UPDATED: JANUARY 31, 2020 12:37 IST

Ball boys and girls at the ongoing tournament
are wearing T-shirts from Tirupur, made from
recycled PET bottles

What can 1,88,708 used PET bottles do to the
environment? A lot of damage, actually. But thanks
to Tennis Australia and Tirupur-based garments
company NC John & Sons, they have been given

6:40 AM - 06 Feb 20 YHootsuite Inc. new life as apparel for ball boys, girls,and




PET RECYCLED PRODUCTS - BEYOND APPARELS

. ELUGGAGE &
T‘X}C s COLLECTION SamS > A nlte P&G Bottle

ECO-Glide es0R made from
| V— 90% recycled
== PET and 10%
ocean plastic.
It is finalist in
plastic
recycling
awards
Europe

PET is versatile — even in its after life

20



Valuable Products Made from Plastic Waste

O
=
= .
PET Bottles Milk Pouches Plastic Woven Sacks Battery Cases Plastic Carry Bags PVC Pipes

{

Shoes

Apparels Barsati Film Niwar patti Luggage

lllustrative — Non Exhaustive

Market for recycling plastics in India has emerged - HOWEVER, IS SUSCEPTIBLE TO MULTIPLE CHALLENGES

21
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Plastics Waste in Road-making: The Indian Story

The “Plastic Man” of India

Prof. R. Vasudevan, Padmashri awardee
Dean, Department of Chemistry,
Thiagarajar College of Engineering,
Madurai, TN

Plastics in Roads

* All plastics (non-PET) can be shredded to the right size and
incorporated in the aggregate + tar where it melts.

* The plastic lends its qualities to the road.

* The entire process is eco-friendly.

Plastone Blocks

* Made from a mixture of waste plastic and stones/granite
waste/ceramic waste

e Withstands more pressure and resist water percolation

* Many advantages over conventional blocks of cement

Gol has now mandated the use of 8% plastics-waste in road construction

22



SUSTAINABILITY OF POLYMERIC MATERIALS

MICROPLASTICS -
THE NEW CHALLENGE

23



Microplastics : what are those really?

FACTS:

Formation of smaller particles (<5mm) in the disintegration process
Happens when plastics reside in landfills, oceans, in washing machines
Have been happening for as long back as plastics have been littered
Recently reported — so not much is known

W.H.O. has advised no cause for alarm, more studies needed
Analytical protocols not standardized, toxicological effects not proven

No epidemiological or histopathological evidence of harm in any population

0 N & U & W NPR

Quantum is grossly exaggerated

Particles /microparticles are
generated from all materials that
see any friction/impacts:

- Wooden (e.g. furniture)

- Metals (e.g. hammer)

- Tyres

- Ceramics, marble (e.g. floor tiles)

- Credit card/week, i.e. about 5g per week.

- 5g per week means about 5kg inside a 40 year old person - really?

24



SUSTAINABILITY OF POLYMERIC MATERIALS

PLASTICS GAP -
UTILITY vs HANDLING THE NEW AGE MATERIAL

25



Plastics Consumption : in perspective

ISATENTH OF US'S

PerC% Global INDIAN
—— polymer prodn.  (Million MT) 300 15
| Sl
_ b 2752 @ population (billion) 7.75 1.35
us Europe China Brazil India Avg. consumpn.  (kg/person/yr) 40 12

Global Average: 28 /
S

INDIAN UNIQUENESS ON PLASTICS
- per capita consumption of plastics (low) Poor people’s food holders/carriers

- recycling rate (high, @ 60% as per CPCB, and >85% for PET)

Ill

- Informal “waste-picking” network (high) usage of small sachets (high)

India has a unique socio-economic trajectory

26



Plastics vs Bio-Plastics vs modified polymers

End-of-life concerns

Off-shore Reserves
(Petrochemical based)

Oil Depletion
LITTERING ...????

* On-shore Reserves

(Bio-based monomers or ; Land Blockage : Biodegradability...????
bio-polymers)

* Incorporating

- RECYCLED monomers or : Spoiling the virgin recycling | Recyclability...?2??

chain

Consequences are just getting shifted, not ELIMINATED
Concerns remain UNMITIGATED

27



SUSTAINABILITY OF POLYMERIC MATERIALS

IN THE SERVICE OF NATION -
PLASTICS IN THE TIMES OF COVID-19

28



Plastics in the war against SARS-CoV-2 and COVID-19

AT S

COVID-19 test
o

29



SEGREGATE YOUR WASTE (in designated-colour bins/bags)

Wet waste Dry waste Bio-Medical waste

(Recyclable waste = Only if infected or home-quarantined
plastics, paper, glass) persons, not from healthy individuals

(Bio waste)

Vegetables, PLASTIC
Kitchen waste,

Leftover Food

* Face masks (non-woven/cloth)
* N95

* PPEs @
* Face shields

bags /wrappers/ packaging
For
* Grains, flour

gflac:sHAZA'RD
* Shoe-covers blkbiacs

e Take-away food
* vegetables

* water, milk

* medicines

* etc.

Hand over to
* Hospitals or
« BMW facilities

| 3
_ swM-2016 Jll PwM - 2016 BMWM - 2016




Plastics in the relief & rescue efforts : battle against COVID-19

Administrations need to ensure arrangements for collection of Plastics Waste

31



Plastics in distress management in India

Can there be a non-disruptive way to prevent littering?




Realisation of importance of SUPs : COVID-19

Plastic ban in secretariat removed

e Uttarakhand governmentDas stalled its previous order, which banned the -
as plastic water bottles in meeting and workshops

Inside the secretariat due to the need of personal hygiene in the fight against
COVID-19. A letter in this regard written by chief secretary Utpal Kumar Singh
was clrculated last week. In August last year, additional chief secretary Radha
Raturi had passed directions, through a circular, to all senior officials that no
plastic products should be used inside the secretariat. But now, the state

government decided that the order will be put on hold for the time being.
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rus may bring plastic back in favour “= b

e Their Reusable Mugs And Bags For Single-Use P|astics’E%§, :

L]
livermnimt ®
HOME LATEST TRENDING MY READS
Coronavirus Mint Covid Tracker #WFHLife

Market Dashboal

Workers preparing the PPE suits at a private manufacturing
unit amid the ongoing nationwide lockdown, to curb the
spread of coronavirus, in Vijayawada. (ANI)

Single-use plastic turns out to

be an unlikely hero in corona
battle

1minread . Updated: 13 Apr 2020,01:59 AM IST

Polypropylene, a non-woven material that can be
used only once, is largely used in making PPE

TgfeRuT & foIT @R 941U 71U Wit 3
Coronavirus @ 4TS RIS ST

SR GG R 3R BAR UG Wi § a-it hig awg Hieig
8l g, ot & gm aeft ifre-19 & urde gaat A fof
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SUSTAINABILITY OF POLYMERIC MATERIALS

RECOMMENDATIONS -
HANDLING OF THE NEW AGE MATERIAL

34



Sustainability matrix for plastics

GOVERNMENT/ADMINISTRATION

1. Education
- Know Plastics
- Say Yes to Plastics, No Littering
- Two-bin segregation

2. Facilities
- Standardise the 2-bin colours
- Provide bins and ensure their clearing
- Set up waste collection networks locally

3. Enforce
- Polluter pays
- Segregation at source

4. Policy
- Give industry status to the recycling chain

CITIZENS

1. Source segregation in two-bins
2. Reduce
3. Reuse

INDUSTRY

1. Design for Collectibility
- Size, shape, weight

2. Design for Recycling
- Reduce complexity of packaging
material
- Use Recyclable chemistries

3. Design for prevention of Litter-generation
- no need for cutting edges




Sustainability mantras for plastics

3Rs for CONSUMER (BEHAVIOUR) |

v" REDUCE
v" REUSE

v RESPONSIBLY DISPOSE USED PLASTICS

— Segregate, Collect |

3Rs for INDUSTRY (ACTIVITIES) )

v RECYCLE (THE USED PLASTICS)
v REUTILISE (THE USED PLASTICS)

v' RECOVER (ENERGY FROM THE USED PLASTICS)

THE NATION NEEDS TO KNOW

India has one of

the world’s highest
plastic recycling rates.
Waste segregation
can make

it N°1. e N

BEAT

The future of our planetis in our hands right now.
pUsLUTen Let's all do our bit and use plastic responsibly.

PLASTICS |

36



R-Elan : making recycled plastics into a chic fashion

ABOUT THE WINNERS
Poornima Pande & Stefano Funari, Mumbai
I was a Sari - an eco-ethical lifestyle fashion brand.

An underprivileged community of women in Mumbai make the products
with the up-cycled pre-loved saris.
Their designs utilize existing resources - fabrics & materials - and reinvent them into unique pieces.

The winning collection comprised recycling of plastic tarpaulin into a raincoat, bag and umbrella,
a 3D appliquéd garment, bags and shoes as well as
a men’s wear creation, long T-shirt with funky logo and carry bag.

LAKME FASHION WEEK — 315t Jan 2019

37



Collaborative BUSINESS models

How does it work?

P I

Shop in the Loop Store Recelve your order in a Request a free pick up We clean and refill
Beowse produrts fram gour rausable Loop Tote

favorite brands, desgned n

Lood hygoncdlly cleans ong

Drce QOO used U your oo »
repiensnes whot you returned,

No more cordboord bokes STiply OCD 1he erript)
SG0dad teyiobin potkagng i3 b i ’ e ,\‘ o .\ 2o the T _"’ 80 You never run oul of gowr
' Loos: Tote has Dedn speciaily pothogng inio 1he Tote, : ;
engineored 1o be durcbile and sohedute 0 Iree pick up, ona vories
salely LrOnIHOrt your tems LOOs 1okt Care of 1he test

Novel LITTER-PREVENTION mechanisms:

 At-source collection/segregation methodologies

 Collect-back mechanisms




Collaborations for ACTIONS

Declaration of the
Global Plastics Associations
for Solutions on Marine Litter

@ MARINE LITTER
< SOLUTIONS

Global Plastics Associations for Solutions on Marine Litter
- conserving our oceans and combatting ocean pollution
Since 2011,

a total of 69 world plastics organizations

in 35 countries

have voluntarily committed to help
More on: www.marinelittersolutions.com

(. )

INTERNATIONAL ALLIANCE TO END PLASTIC WASTE

- Jan 2019
- 30 global companies that have formed a non-profit

- Goal is to commit $1.5 billion over the next 5 years

to fighting plastic waste /

INDIA-NORWAY MARINE POLLUTION INITIATIVE
- 11*" Feb 2019
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Collaborations for IDEATIONS

ircular economy %, ,cs

& & .0,

UNIVERSITY

Part of the Symposium series
“Science & Engineering for Sustainable Development”

15 MARCH 2019
SYMPOSIUM IIT BOMBAY

VICTOR MENEZES CONVENTION CENTRE

SUPPORTING PARTNER

India’s

Winter School on Circular Economy

November 18,19 & 20, 2019
Venue - IIT Madras
Organizers

s
" MCCI (%
The Madras Chamber

elonned

Gold Sponsor

Workshop on Circular
Economy
at 2017 Dornbirn (Austria)
MMF Congress
13-15 September 2017
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Plastic waste - in common conversation

Indubala Ashok vesterday at 6:23 AM - &

For those who still consume milk and for those
who are not doing this yet, please do not snip off
and throw away the corners of milk sachets. These
small plastic particles are the most dangerous as
they escape even sophisticated filters and enter the
food chain, earth,waterbodies. Your daily milk
sachets triangular miniscule corner may have killed
a few sea creatures and blocked easy flow of water
somewhere. It will take a 1000 years or more to
disintegrate. Would you want that? Cut plastic
sachets as shown in the pic . Milk CAN be poured
out without spillage and these sachets ARE
recyclable if done responsibly. This applies to ALL
plastic sachets. It is never too late. Start today.

PACKAGING REDESIGNING IS THE NEED OF THE HOUR




Sustainability solutions - utilizing the USPs of Polymers

Physical routes

Unique Tools to design properties in
polymers:

« Transition temperatures
* Molecular weight
 Rheology

« Morphology

Barrier properties without a need for
multi layers

Chemical routes

Development of new features

o-d \able plast
tocodoarodas oonloctoe
Bio-compostable

Bio-polymers Bio-monomers

Recycling (CARBIOS)

Biological routes

Built-in features for
post-disposal dissipation

 Bacterium that eats PET
Ideonella sakaiensis
201-F6, Kyoto Univ,
11 May 2016
Y. Kimura, K. Oda, et al.
- Science 351, 1196-1199 (2016)
- Science 353, 759-c (2016)

Post-disposal Treatments

« Enzyme-based dissipation
of plastic waste
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Plastics are helping us : are we responsible users?

& INDEPENDENT

eld m ﬁﬂﬁ' % The biggest virus on earth is

‘ ‘ still human behaviour

HIEh U7 his 3R AT SER-IUR AT theh

Discarded coronavirus face masks and
gloves rising threat to ocean life,
conservationists warn

a - a‘ ﬁ a
The bright colours of latex gloves risk can be mistaken as food by a
seabirds, turtles and other marine mammals putting them at risk of 'Tg a} m m a{q‘)ﬁ m!
severe injuries and death “

New York | Thursday 16 April 2020 21:53 | E




Plastics to the rescue : COVID-19 and beyond

PROTECTING
THE PROTECTORS
,-A .
Y 2 ¢ -
LAYER OF .
NON-WOVEN Pollution
POLYPROPYLENE 9
Lorem lpsum is z 7
simply dummy POLYPROPYLENE tomorrow °
text of the / . -
printing and Lorem Ipsum is simply 7
i dummy text of the g "
t tt
i,{g::ﬁy‘mg printing and typesetting ' .WIt.h you,
industry. | in times of need. "
| Currently plastics are <
’ _playing an important
role, be it sanitisers, 5>
| PPEs,medical <
equipments and many
more such useful things.
The key thing to \//
remember is to dispose
all these items properly - |
during and after this
crisis, so that they can be
recyled to come baek '
4 o o The answer is in your hands.
" : Act Responsibly.
-
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