Plastic - Global menace or miracle material?
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Polymer
* From the Greek: polus = many and meros = parts

* The carbon atom can form long chain molecules
which are the basis of life on earth
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Bio Polymers
Polysaccharides — Structure and energy

e Cellulose -y
« Plant cell walls
« Chitin $ s
 EXxo skeletons
e Starch
« Amylose - plants
* Glycogen

* Animal starch
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Bio Polymers

Polypeptides
* Proteins — long chains of amino acids 'Tl
(polyamides) .E N_C_REI.
n

Polynucleotides
« RNA and DNA

Natural rubber CHs
* Polyisoprene h
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Synthetic Polymers

Early plastics were
modified natural polymers

 Vulcanised rubber
 Celluloid

The first fully synthetic
polymer was Bakelite In
1907
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Early thermoplastics
Nylon (DuPont)
1935

Polyethylene (ICl)
1937

Teflon (DuPont)
1938

NOTHING STICKS TO
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Thermosettings

Thermoplastic 0: Crosslinking point
B: Branch Paula Ferreira
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https://www.researchgate.net/profile/Paula-Ferreira-32

Common thermoplastics
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High density

HDPE %ﬁ' ﬁ'}
. c—C
Linear Il

Low density

LDPE HoH
Branched %Cﬁ—(}}
H H/

PP
Low density
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Polyolefins

Excellent tensile strength and
abrasion resistance
Chemical resistance

Highly recyclable

Jerricans, household, play

Tough and weatherproof
Cheap — most widely used
Low melting point

Bottles, film, toys

Dimensionally stable

High melting point

Degrades under UV — harder
to recycle

Fibre, film, mouldings

p

' e,oz HDPE

ﬁcm LDPE

305 PP



Polyesters and polyamides

Miscellaneous
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Versatile polymers

Polyvinyl Chloride Flexible and transparent
PVC film
Plasticised or rigid Gas and moisture barrier
4o UV and chemical resistant
‘F: (% UPVC tough and impact
Lo resistant and readily
recyclable
Linear, high density Monomer is carcinogenic
Polystyrene GPPS is hard, brittle and
General purpose GPPS transparent but cheap
High impact HIPS HIPS is copolymerised with
Expanded EPS rubber and is rigid and
Q translucent
T EPSis 89% air and is a u
1T thermal insulator and W
H H

cushioning material
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Speciality plastics

ABS Acrylonitrile butadiene
styrene

EVA Ethylene vinyl acetate

PTFE Polytetrafluoroethylene

PB-1 Polybutene-1

PC Polycarbonate

PVOH Polyvinyl alcohol

TPE Thermoplastic elastomers

MF Melamines
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Telephone handsets, rigid luggage, computer
housings

Bottle teats, flexible tubing, vacuum cleaner hoses

Coating for non-stick, gaskets, medical and
electrical, thread seal tape

Peelable seal films for cartons and deli products
such as cold meat

Glass replacement — roofing, glazing etc
Layer in food packaging, contact lens solution
Trainer soles, gaskets, skateboard wheels

Dinnerware, heavy duty electrical equipment, toilet
seats



Summary — miracle materials

Packaging
Textil Engineering and
* Prevents food waste extiles cor?structiogn
« Extends shelf life * Waterproofs . App”ance housing
* Clothing
« Ensures food safety  Windows and doors
* Shoes
« Easy to transport o » Cables and pipes
. : : * Home furnishing
« Domestic, industrial and medical « Gears and mechanical
At . components
Medical Hromonve
« Tubing — pumps, catheters, * Bumpers Agriculture
oxygen delivery « Seats and fabrics
_ * Mulch bags
* Protection — masks, gloves, « Seat belts
aprons _ « Crates and storage
* Interior panels o
» Equipment — syringes, * Irmgation

thermometers, blood and IV bags Mechanical parts
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Impacts of plastic pollution
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Hazards of plastic waste

 Entanglement

» Particularly sea creatures caught
in rope and netting

« 344 species recorded to date
including all marine turtles and
25% of sea birds

Ingestion

 Starvation due to feeling of a full
stomach

» Perforation of the gut
« Endocrine disruption

« 194 plastic fragments found in the
stomach of this Great Shearwater

( ' d A Ad V) It Learnlng In a 2021 study, scientists found 194 plastic fragments in the stomach of this great shearwater (Ardenna
‘v L4 Within Reach gravis). Yamashita et al., 2021, CC BY-ND



Hazards of plastic waste

« Habitat destruction

 Leaching of plasticisers and monomers

« Displacement by degradation of
environment and attraction of animals
to non-viable habitats such as landfill
sites

* Microplastics (<bmm) from breakdown
of larger pieces of plastic can act as a
carrier for organic contaminants and
toxins

* |Inhalation

« Small particles (<0.01mm) from fibre
and tyre shedding can travel deep into
the lungs and cause disease
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¢ airway disease

e interstitial

lung disease

e cCancer

Microplastics



Growth In production and waste

Global plastics production

Plastic production refers to the annual production of polymer resin and fibers.

World

400 million tonnes

300 million tonnes

200 million tonnes

100 million tonnes

0 tonnes

1950 1960 1970 1980 1990 2000 2010 2019

Source: Our World in Data based on Geyer et al. (2017) and the OECD Global Plastics Outlook
OurWorldInData.org/plastic-pollution « CC BY
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Global plastic waste by disposal, 1980 to 2015

Estimated share of global plastic waste by disposal method.
100%

Recycled

80%

Incinerated

60%

40%

Discarded

20%

o,

1980 1985 1990 1995 2000 2005 2010 2015

Source: Geyer et al. (2017) OurWorldinData.org/plastic-pollution « CC BY




Options for handling waste

Recycling has the lowest global warming potential and from the environmental Globall

perspective is usually the best option but not always the best economic choice go/a y
BUT 0

Materials are often downcycled rather than re-used for the same purpose and

many plastics can only be recycled once or twice

Incineration reduces landfill Globally
BUT 19%
Adds to greenhouse gases and can produce toxic emissions if not regulated

Landfill at least puts the carbon back in the ground and in high-income countries Globally
landfills are well-managed and effectively regulated 50%
BUT
Landfill resources can be poorly-managed, dumped in open pits and consume
land which is in short supply
Globally 22% evades waste management and ends up in

uncontrolled dumps or burnt in open pits

Plastic pollution is growing relentlessly as waste management and recycling fall short, says OECD

(.14~ /., AdultLearning
' Within Reach



https://www.oecd.org/environment/plastic-pollution-is-growing-relentlessly-as-waste-management-and-recycling-fall-short.htm

Domestic recycling
Possible vs actual

WE
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Which plastics are recyclable?

Summary of plastic polymer groups, their common uses, properties and recyclability.

OurWorld

in Data

Numerical coding (from 1-7) is typically provided on plastic items and gives information of their
polymer grouping below. Recyelability is based on common recycling schemes but can vary between
countries as well as regionally within countries; check local recycling guidelines for further clarification.

Symbol Polymer Common Uses Properties Recyclable?
A Plastic bottles .
Polyethylene @atar soft drinks, Clear, strong . Yes;
L-l J terephthalate cooking oil) and lightweight widely recycled
PETE
n @:@ Milk containers, N S‘;i" a“fj Yes:
High-density cleaning agents, ardwearing; : !
‘ 2| ’ polyethylene shampoo bottles, hard to breakdown widely recycled
bleach bottles in sunlight
HDPE
h Pl_as:if:; pip.ing, ca'_‘ bsl rig_id_or S?ﬂ Often not recyclable
3 Polyvinyl w[ly _oormg_, ‘"a.p astlclzers_, due to chemical properties;
chioride cabling insulation, used in construction, check local recyelin
/%/ roof sheeting healthcare, electronics : v 9
PVC -
h Plastic bags, Lightweight, No;
4 Low-density », food wrapping low-cost, versatile; failure under stress makes it
L , polyethylene (e.g. bread, fruit, fails under mechanical hard to recycle
vegetables) and thermal stress
LDPE

n
Cd

PP

n
(dA)

PS

Bottle lids, food
@ ﬁ& tubs, furniture,
Polypropylene houseware,

medical, rope,
% automobile parts

Polystyrene

% Food takeway
/? containers,

!\f\(\

plastic cutlery,
egqg tray

Other plastics Water cooler

Tough and resistant;
effective barrier against
water and chemicals

Lightweight;
structurally weak;
easily dispersed

Often not recyclable;
available in some locations;
check local recycling

No;
rarely recycled but
check local recycling

No;

7 (e.g. acrylic, bottles, Diverse in nature diversity of materials
‘ polycarbonate, baby cups, with various properties risks contamination
J polyactic fibres) fiberglass of recycling
OTHER
Source: based on general US & UK guidelines, and chemical polymer properties. Ic rom Noun Project

This ualization from

e find dat

1 OurWorldinData.org, v

Arcn on Ne

Licensed under CC-BY-SA by the authors.



Mechanical recycling

« Shredded, washed and melted
* Retains chemical structure of polymer
» Good for pure materials like HDPE and PET
« Solvent based dissolution
» Can be used for mixed polymers and laminates
» Dissolves some polymers so that separation can take place

Shredding, washing,

grinding drying
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Incineration

Waste to energy

» Reclaims the energy stored in the
polymer molecules

* Relative gain depends on mix of
energy it replaces

» |If local energy is produced from
fossil fuels incineration can reduce
greenhouse gas emissions

» |If more renewable energy being
used it will increase GHG

Incineration without energy recovery is never good, especially if open, uncontrolled burning

« High income countries have strict regulations on emissions from incineration

« Studies from India, Kenya and Thailand show pollution from toxic gases such as carbon
monoxide from polyolefins and dioxins from PVC
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EXISTING GROUND

ACHATE COLLECTION
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Sources of ocean pollution e

Ra%gio Di

e anni ‘7

« 82 million tonnes of macro plastic and 40 million
tonnes of microplastic is washed up, buried or
resurfaced along the world’s shorelines

» 80% of the macroplastic onshore is from the
past 5 years , most of the rest is from the past
15 years but some is much older and shows it
can last several decades before breaking down
to microplastic

« Offshore the macroplastic dates back further —
even to the 50s and 60s - and 75% of the
microplastic is pre 1990

» 80% of the plastic waste in the ocean enters
from rivers — the rest comes from fishing nets,
ropes and fleets
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The great pacific garbage patch

The Great Pacific Garbage Patch ® The Ocean Cleanup
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https://theoceancleanup.com/great-pacific-garbage-patch/

The great
Pacific
garbage
patch
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Share of ocean plastics that come from the largest emitting rivers St

in Data
Shown is the share of global ocean plastic pollution that comes from the world's largest emitting rivers.

« As well as the Pasig (Philippines)
environment, marine
plastic impacts tourism,
fisheries and Uthas (India)
aquaculture

« 1000 rivers account for
80% of all plastic waste

6.43%

Klang (Malaysia)

Tullahan (Philippines)

Meycauayan (Philippines)

in the ocean mostly in Pampanga (Philippines)

ASIa . . Libmanan (Philippines)
« The Philippines alone

contributes about one Ganges (India)

thll‘d Of the ’[Otal Rio Grande de Mindanao (Philippines)

Agno (Philippines)

Source: Meijer et al. (2021). More than 1000 rivers account for 80% of global riverine plastic emissions into the ocean. Science Advances.
OurWorldInData.org/plastic-pollution « CC BY
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Plastic waste generation by industrial sector, 2015

Global plastic waste generation by industrial sector, measured in tonnes per year.

Packaging 141 million tonnes

Textiles 42 million tonnes

38 million tonnes

37 million tonnes PaCkaglng and tEthleS
are the main sources of
plastic waste

Other sectors

Consumer & Institutional Products
Transportation

Building and Construction 13 million tonnes

13 million tonnes

Electrical/Electronic

Industrial Machinery | 1 million tonnes

Source: Geyer et al. (2017) OurWorldIinData.org/plastic-pollution « CC BY
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Grocery bag comparisons of environmental impact Sutyiorld
Number of times a given grocery bag type would have to be reused to have as low an environmental impact as a
standard single-use plastic bag.
Greenhouse gas emissions Water use Freshwater eutrophication
Organic cotton 149 uses Organic cottd830 uses Organic cotton 3,326 uses
Conventional cotton 52 uses Conventional cotton 1,358 uses Conventional cotton 1,178 uses
Recycled PET | 8 uses Recycled PET | 68.5 uses Recycled PET | 96 uses
Polypropylene, woven, recycled | 5 uses Polypropylene, woven, recycled | 31.9 uses Bleached paper | 43 uses
Polyester PET, recycled | 2 uses Polyester PET, recycled | 21.6 uses Unbleached paper | 43 uses
Bleached paper | 1 uses Bleached paper | 13.6 uses Biopolymer | 41.8 uses
Unbleached paper | O uses Unbleached paper | 13.6 uses Polyester PET, recycled | 35.1 uses
Biopolymer | O uses Biopolymer -2.3 uses Polypropylene, woven, recycled | 25.9 uses
Terrestrial acidification Ozone depletion Average across all indicators
Organic cotton 755 uses Organic cotton 20,000 uses Organic cotton 2,375 uses
Conventional cotton 265 uses Conventional cotton 7,069 uses Conventional cotton 840 uses
Recycled PET | 12.6 uses Recycled PET | 44.7 uses Recycled PET | 25 uses
Biopolymer | 7.8 uses Polypropylene, woven, recycled | 30 uses Bleached paper | 11 uses
Bleached paper | 5.9 uses Bleached paper | 18.2 uses Polypropylene, woven, recycled | 10 uses
Polypropylene, woven, recycled | 4.8 uses Polyester PET, recycled | 14.6 uses Unbleached paper | 9 uses
Unbleached paper | 3.6 uses Biopolymer | 9.7 uses Biopolymer | 8 uses
Polyester PET, recycled | 3.6 uses Unbleached paper | 7.9 uses Polyester PET, recycled | 8 uses

Source: Danish Environmental Protection Agency (2018)
Note: Average across all indicators includes other metrics not shown here, including marine

OurWorldInData.org/plastic-pollution « CC BY
eutrophication, particulate matter, toxicity and others.



Are ‘bioplastics’ better?

Possibly but probably not
* Two different meanings
 Made from plant based raw

materials
* Biodegradable or compostable e 1
* Plastics can be made from non- 100%
i i RADABLE
petroleum raw material, but life cycle &_.

Impacts increase
« Biodegradable materials not durable
« Compostable materials need
commercial composter to fully
degrade This Photo by Unknown Author s fcensed under CC BY-5A
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http://www.progressive-charlestown.com/2019/05/biodegradable-not-so-fast.html?m=0
https://creativecommons.org/licenses/by-sa/3.0/

Actions and Innovations
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Ocean Cleanup

« 2017 UN launched its clean seas platform

e 2019 Ocean Cleanup The Ocean Cleanup removed first material
 |terative research aiming to build and scale method
« Version 02 — artificial coastline had removed 246 tonnes
« Aim to remove 90% of floating ocean plastic by 2040
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https://theoceancleanup.com/
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Ocean Cleanup — stop the flow

* Rivers are the main source of ocean pollution
« |deally we need to stop the disposal of plastic into the environment but in the
meantime catching it in the river is better than letting it get into the sea
* Rivers are more complicated
« Width, depth, flow speed, seasonality and tides make every river different
« Ocean Cleanup are developing a range of interceptors from
Low tech ——————————————— H10N tech

[e] Kingston Harbour, Jamaica, Barnes Gully barrier

[@] Kingston Harbour, Jamaica, Barnes Gully barrier and

= tender = = : - = ==
(.14~ /., AdultLearning == 2 ==
‘ = Within Reach [©] Boyan Slat and Interceptor 004 in the Dominican Republic



Circular economy

Ellen Macarthur Foundation

......

AAAAAA

RESIDUAL
WASTE

Lifecycle analysis helps

Create a circular economy for plastics
Ensure proper waste management and
collection

Eliminate plastics we don’t need

Enable sustainable product design

Keeps plastics in the economy and out of the
environment

OTHER

MATERIAL
STREAMS




Upstream innovation - Apeel

To extend the shelf life of fresh fruit and
vegetables you need to keep the moisture in
and the oxygen out

Prevent food waste — but remove packaging
Apeel is a coating of purified mono- and
diglycerides derived from sustainably-sourced
plant oils

Edible but can be removed with washing if
desired

Full life cycle analysis of Apeel coated
products shows they outperform baseline
product in all cases

Asda trialling with avocados and oranges in
Oxford

(.14~ /., AdultLearning
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Re-use In Indonesia — packaging as a service

« 76% of Indonesia’s plastic waste is single use . PELY]
flexible sachets and pouches

* Alner — Social enterprise tech start up

« Supplies reusable PET, PP or HDPE bottles
designed to be reused 10-20 times

« Brands fill the containers but Alner supplies the e
logistics to get the product to customers, i
collect the returns, clean and test before |/
supplying back to the brand

* QR codes and the Alner app track the lifespan

« Deposit scheme means low income users can
get essential products 10-15% cheaper

« Since 2020 Alner has introduced100 outlets as
well as online sales

(.14~ /., AdultLearning
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Chemical recovery

» Pyrolysis breaks down the polymer - |
chains into Naphtha — a mixture of h =
low molecular weight hydrocarbons, . . |8
similar to the fraction of crude oil BAVAUAAV A —
used for manufacturing plastics Domestic waste New plastic products
It could recycle large volumes of ¢ «
flexible packaging and mixed PE/PP
waste o\ Chemical T
« Ambition to be industrial scale by 'E‘ ! [ ; Hu;
2025 and hitting targets for dealing l Recycllng Value ﬂP
with ‘hard to recycle’ plastic by 2030 Plastic Recovery C haln Manufacturing
_ Facility (PRF) Plant
* In Europe this would mean
investment in 60-70 new plants and Recovered N ﬂ Plastic resins
a secure supply of waste material plastics 2 & chemicals
 Pyrolysis can’t deal with PET | Pyrolysis ol
/'/\ (NEWOIl)
\(d E l“ Cv‘:::‘tinLeR::::g Chemical Recycling Petrochemical

(Pyrolysis) Plant Plant



Plastic eating microbes

* Proven principle — Rhodococcus
ruber

« Many other examples found
BUT

* Need low temp activity

« So far very low conversion rate

« May produce other toxins
 Specific to individual polymers

o /B ‘
e )
: .’ﬂ‘b wt ."h“
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I eXtI | e S Fiber-to-fiber recycling could reach 18 to 26 percent of gross textile waste

in 2030.

Breakdown of EU-27 and Switzerland estimated textile-waste volume as of June 2022, %
. . . Gross wasle
« 85% of textiles ends up in land fill l
~-80 Collected waste”

« Synthetic fibres make up 60% of clothing and
70% of household textile

* McKinsey estimate fibre to fibre recycling could = . S—
get to around 20% by 2030 (using chemical T om0 2030 tmse

case scenario’ case scenario?

recovery) G,

Reused or exported
~50

~37

Awvailable to recycling®

=30 ~25

« Patagonia (now a charitable trust) is moving -
toward 100% renewable and recycled raw DON'T BUY
materials - using synthetic and natural fibres THIS JACKET
from pre-consumer and postconsumer waste

» Prato, in Italy, has built its fortune on
transforming old wool scraps into new clothes -
100s of companies collaborate on all the
different processes

.14~ /., AdultLearning L on e e
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Individual actions

« Behaviour change
 Reusable drinks containers

 Reduce food waste — one third never
consumed

« Buy fresh and local food - avoid ultra
processed foods which are usually in ‘hard
to recycle’ packaging

» Use solid product - reduce water
consumption and transport

 Start washing hands again — reduce PPE
* Buy second hand

« Campaign and lobby
« Local government
* MPs
* Retalilers

( ' » A Adult Learning The second-hand fashion app
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Policy change

» Systemic policies that treat plastic as one of the many resources in the
economy

» Support global infrastructure for recycling and waste management

» Improve food distribution with appropriate packaging in low-income countries
« Standardise packaging to make recycling easier

« Use regulation and financial incentives to reduce landfill

* Finance innovation — high and low tech — by investing in developing
technology

» Enforce life cycle analysis on all products, regardless of whether they contain
plastic - plastic can be a sustainable alternative to glass, metals and paper
and has an important role in promoting sustainability as part of a circular
economy.
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Thank you
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