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I \Vord of the Year

THE COLLINS WORD OF THE YEAR 2018 IS...

SINGLE-USE

SINGLE-USE

‘Single-use’, a term that describes items whose unchecked proliferation are
blamed for damaging the environment and affecting the food chain, has been

named Collins’ Word of the Year 2018. tld ( smgeljus J
Single-use refers to products — often plastic — that are ‘made to be used once . 7 '! a od
only’ before disposal. Images of plastic adrift in the most distant oceans, such as E?i?:eeoﬁly?e =
straws, bottles, and bags have led to a global campaign to reduce their use. 0 :

The word has seen a four-fold increase since 2013, with news stories and images . g / ’ — .
such as those seen in the BBC's Blue Planet Il steeply raising public awareness of = . . :‘;;; # CollinsWOTY
the issue. -

Collins

Pioneers in dictionary publishing since 1819







I Global Chemical Industry
Raw Materials Cracker
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I Simplified Chemical Industry
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B Global Feedstock Slates Differ
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I Rough Mass Balance for Chemical Industry
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I Rough Mass Balance for Chemical Industry




I Rough Mass Balance for Chemical Industry




I Rough Mass Balance for Chemical Industry
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US Petroleum Flow, 2016

in million barrels per day
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~ Lippe, Dan; Oil & Gas Journal 4 Sept 2017, pg 82.



B Polymers

257 Million Tonnes

2017 world demand

8%

PC 12%

1%

ABS
3%

EPS
2%

28%
Source: IHS Markit



I Polyethylene

ethylene and a-olefin

lots of branching controlled branching limited branching

low density
polyethylene

linear low density
polyethylene

high density
polyethylene
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Billion Pounds Per Year
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I Production and Impact

2014 2050

PLASTICS
PRODUCTION : - : .

311 MT 1,124 MT

RATIO OF PLASTICS TO
FISH IN THE OCEAN
(BY WEIGHT)

>1:1

Source: World Economic Forum



WHAT GOES

IN THE OCEAN -
GOES IN YOU. ’“""g E

RECENT STUDIES ESTIMATE THAT FISH OFF THE WEST COAST INGEST
OVER 12,000 TONS OF PLASTIC A YEAR. FIND OUT HOW YOU CAN HELP
TURN THE TIDE ON PLASTIC POLLUTION AT WWW.SURFRIDER.ORG/RAP



I Ellen MacArthur
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I Use of Circular and Linear Economy
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B The Linear Economy

products




I Value




B Commodity Prices
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I \Wages Over Time

20 — Two Centuries of Compensation for U.S. Production Workers in Manufacturing, Lawrence H. Officer, Professor
of Economics at the University of lllinois at Chicago, 2009, Page 171; Federal Reserve Economic Data

156+

10

nominal

Average Hourly Wage ($)

1800 1850 1900 1950 2000



I mplications

How long does it take to earn
an hour of reading light?

Tallow candle
1800 -6 hrs Labour cost of 1,200 lumen
hours at average US wage
I Kerosene lamp

1880 — 15 mins

Incandescent bulb

1950 - 8 secs
CF bulb
1997 - % sec

Q !

Nordhaus 1997: http://www.nber.org/chapters/c6064.pdf

K2 London Keynote: Where Does Innovation Come From?- Lord Matt Ridleyhttp://kenshoo.com/k2 -london-keynote-matt-ridley/



B \Work Needed to Supply Light

Seconds of Work at Average Wage
for 1000 lu-hr of Light

- o o o o o
© o < ™ N -~ o

Nordhaus, William D.; "Do Real-Output and Real-Wage Measures Capture Reality? The History of Lighting Suggests Not”, Federal
Reserve Economic Data; EIA Short-Term Energy Outlook, February 2017 Matt Ridley "The Rational Optimist”
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I Combining Impacts
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EIA Short-Term Energy QOutlook, February 2017
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B \Work Needed to Supply Light

Nordhaus William D Do Real-Output and Real-Wage Measures Capture Reality? The Histo rv of nght gSuggests Not"; Federal
EIA Short-Term Energy Outlook, February 2017; Matt Ridley "The Rati timist
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I Natural Cycles

Sublin/\ation

n T
Evapotranspirati
4 £ Evaporation

U.S. Dept. of the Interior
U.S. Geological Survey

John Evans, Howard Periman, USGS G roundwater sto rage

hitp://ga.water.usgs.goviedu/watercycle.html|



I Natural Cycles
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Natural Cycles

Dissolved in
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It you ate today.;.
THANK A
FARMER

It you're a farmer , , ,

THANK A
CHEMIST




World Population (billions)
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How a century of ammonia synthesis changed the word
Erisman, Sutton, Galloway, Klimont & Winiwarter B
Nature Geoscience 1, 636 - 639 (2008); doi:10.1038/ngeo325 [
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Natural Cycles

Carbon Cycle
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Natural Cycles
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I The Circular Economy

TAKE  RENEWABLE
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I Already Circular - Metals

Steel attributes — Benefits of steel recycling

Infinite recycling
m without loss
of properties

Permanent
material

Easy magnetic
separation
and recovery

Raw materials @m

conservation qr’
|

70%

Energy saving ~ =

Job creation @ g

One tonne of steel
recycled saves

on average :
1,400 kg iron one
740 kg cod

120 kg limestone

Recycling a single
steel can saves :

1 laundry load, or

1 hour TV, or
lighting

(60 watt bulb)

4 hou

Jobs required

for scrap collection,
separation and
recycling

http://circulareconomy -worldsteel.org/



Urbanisation Ifraslructur: Summer heat

Resource
availability

'\‘:;NAVA T

Being 100% recyclable , copper
can be used again and again
with no loss of properties.

Copper is a naturally
occurring mineral
resource in the
earth’s crust.

CIRCULAR
ECONOMY

-1 550,000
l(r)lg?g?~life Tonnes factory

scrap scrap
¥

The superior electrical and thermal
conductivities of 1 tonne of copper
can deliver lifetime savings of:

50% & i
Of the EU demand for : .

ool ey 100-7500T  €24,000-2.4M
0 i 50 @-' 500 @

_§
B’"ﬂu

A A 'lA
European | tzm Loy

Copper Institute
Copper Alliance

Greenhouse gases

4.100,000

Tonnes of copper
products made by
the EU industry




I Current Plastic Flow

Global Flows of Plastic Packaging Materials in 2013

&% CASCADED
RECYCLING=

14% | NCINERATION ANDY
OR ENERGY RECOVERY

78 MILLION
98% VIRGIN TONNE 40% LANDF ILLED

FEEDSTOCK
{AMM UAL PR C

3% LEAK AGE

1 Ckseddaop recycling Recycling of plastics inta the same or similar-quality application

2 Cascaded recycling: Recydling of plastics info other, lower-value applications

S
available on the website of the Ellen MacArthur Foundation: www.eBenmacarthurfoundation org - - source: Wardd Economic Forum

Source: Praject Mairstream analysis — for details please refer to the extendad version of the report



I \Where Does Plastic Waste Come From?

UNITED S TATES & EUROPE REST OF WORLD

9 45%
40% 5% 1506

PLASTICS PRODUCTION®

3 Production of plastics material volumes (excluding thermoplastics and polyurethanes)
4 Source of plastics leaked into the oceans (proportion of the total global leakage measured in million tonnes of plastic marine debris leaked per year)

Source: PlasticsEurope, Plastics 1 the Facts 2015 (2015); Statista; ICIS Supply and Demand; J. R. Jambeck et al., Plastic waste inputs from land into the ocean
(Science, 13 February 2015)

Source: World Economic Forum



Where Does Plastic Waste Come From?

O ALLIANCE TO
END PLASTIC WASTE

Sources ofPlastic
Marine Debris

Much of the world’s unmanaged plastic
waste ends up fouling global waters

Origin by country of unmanaged plastic waste in 2010 (metric tons)

Sources: Science; University of Georgia; University of California; Sea Education Association




I The Circular Economy

CREATE AN EFFECTIVE AFTER-USE
PLASTICS ECONOMY

OTHER
MATERIAL

RECYCLING STREAMS

RADICALL Y IMPRO VED
ECONOMICS & QU ALITY

DESIGN &
PRODUCTION

RENEWABL Y SOURCED
VIRGIN FEED STOCK

DECOUPLE PLASTICS FROM DRASTICALL Y REDUCE THE
FOSSIL FEED STOCKS LEAKAGE OF PLASTICS INTO
NATURAL SYSTEMS & OTHER

Source : The New Plastics Economy — Rethinking the future of plastics NEGATIVE EXTERNALITIES

Source: World Economic Forum



I ng?

Steel attributes — Benefits of steel recycling

One tonne of st
ini i recycled saves
C/\{} 'W"ifggztrﬁ)cs‘;c,,ng ol @@ on gverage:
conservation r A
of properties Q 1,400 kg irol

4L KQ (
0 kg lir

kecvelina a sj

Permanel
material

L Infrastructure Greenhouse gases

Population
with
gEmn vg

Easy ma¢
separatio
and reco\

CREATE AN EFFECTIVE AFTER-USE
PLAS TICS ECONOMY

OTHER

' MATERIAL
Being 1009 i RECYCLING STREAMS
wro) ‘ |

RADICALL Y IMPRO VED
ECONOMICS & QU ALITY

d thermal
of copper
bos of:

D00-2.4M

DESIGN &
PRODUCTION
RENEWABL Y SOURCED
VIRGIN FEED STOCK

ENERGY RECOVERY?
LEAKAGE

DECOUPLE PLASTICS FROM DRASTICALL Y REDUCE THE
FOSSIL FEED STOCKS LEAKAGE OF PLASTICS INTO

NATURAL SYSTEMS & OTHER
Source: The New Plastics Economy — Rethinking the future of plastics NEGATIVE EXTERNALITIES
@ 3



FASHION'S TOXIC THREADS






I \Vhich is more sustainable?

A meat eater in aPrius

A vegan in a Hummer



I Sustainable?




I s this Cup Sustainable?

Yo u

canot

know by |

How about this one?

St

o0k



I Life Cycle Assessment

manufacture

adapted from sustainable-graphic-design.blogspot.com



I Plastic Benefits

The use of non-plastics alternatives
would increase energy use by 82%,
equivalent to the energy from

91 oil tankers.

PLASTICS

PACKAGING

ALTERMATE MATERIALS

i Most plastics can
be recycled



30-40% food

grown is wasted.
@ Much of it to
spoilage.
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I \World Without Packaging




Bl Summary




I The Costs to Society and the Economy

$98 Billion $139Billion $533Billion

More Sustainable Plastic Business as Usual Plastic Alternatives to Plastic

The cost of using alternative materials is approximately four times that of using plastic (in a
business as usual scenario). We're producing more and more consumer goods, so choosing the
material that creates the least impact is important.

Source: Trucost

Source: American Chemistry Council TRUCOST report



I TRUCOST Analysis

Climate change Damage to the health of
humans and ecosystems

5343
Billion

563
Billion
Business as Altematives Business as Alternatives
Usual Plasfic to Plastic Lsual Plasfic o Plesstie

Damage to the oceans

57

Billion

Business as Altermnatives
Usual Plastic to Plastic

Source: American Chemistry Council TRUCOST report



I Options
Reduce

Disapp

Recycle



I Optimizing Packaging

‘ Negative
Product
\ Impact
\ Optimum
Packaging
Design —
\ —
. e Minimum
——— Environmental
Impact
-h *
Underpackaging | Overpackaging
] Increasing Packaging
Optimum Weight / Volume

adapted from Optimal Packaging (The Consumer Goods Forum, Global Packaging Project, 2011)



Edible Qils

Ketchup & Other
Condiments

Sauces

Soups

Honey & Syrups
Water & Juices

Dry Pet Food
or Treats

I Resource Efficient Packaging

Rice & Grains
Breakfast Cereal
Dry Baking Products
(flour, sugar, etc.)
Ground Coffee
Snack foods

Paint & Coatings

Detergents &
Cleaning Products

Motor Qil & Fuel
Additives

Seeds
Cat Litter
De-icer Pellets

Fine Aggregates
(filter sand, etc.)
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/ Top and Bottom

Handles

Re-Closable Cap i . A Easy handling

A Precision pouring

A Maximum filling content
utilization

Cubic Shape
- A Shelf Stable & Maximizes
Shipping Efficiency

Flexible Design

A Four Print Surfaces
A Superior drop resistance
A Reduce excess head spa
A Improved dispensing
A Collapses easily

/ Space Saving
, A Ships and Stores Flat

A Flexible Alternative )
when Unfilled

to th COntainers




B Recycling




I Enabling Recycling



