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SUSTAINABILITY DEFINITION

HYDROCARBON

The process of managing available
resources, investments and technologies
to maintain and optimize operations for
greater safety, reliability, efficiency, and
environmental and social awareness.




SUSTAINABILITY DEFINITION

Sustainability means meeting our own needs
without compromising the ability of future
generations to meet their own needs.

Brundtland Commission
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SUSTAINABILITY DEFINITION

Sustainability is the ability to continue a defined
behavior indefinitely. Environmental sustainability
is the ability to maintain rates of renewable
resource harvest, pollution creation, and non-
renewable resource depletion that can be
continued indefinitely. thwink.org
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SUSTAINABILITY DEFINITION

Sustainability is wondrously complicated. Every
person will give you a slightly different definition
of sustainability. That's because sustainability
really can be applied to almost anything in life.

Arizona State University School of Sustainability
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WHAT IS THE BEST DEFINITION? W

37% 1. The process of managing available resources,
Investments and technologies to maintain and
optimize operations for greater safety, reliability,
efficiency, and environmental and social awareness.

Meeting our own needs without compromising the
ability of future generations to meet their own needs.

0 3. The ability to continue a defined behavior indefinitely.
0 4. Wondrously complicated.

63% .

blue text = poll results
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SUSTAINABILITY DEFINITION

Sustainability means meeting our own needs
without compromising the ability of future
generations to meet their own needs.

Brundtland Commission
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THREE PILLARS OF SUSTAINABILITY

. environment
society economy




UN SUSTAINABLE DEVELOPMENT GOALS
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MODERN CHEMICAL INDUSTRY

Raw Materials
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ROUGH INDUSTRY MASS BALANCE
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CHEMICAL TRANSFORMATION
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US PETROLEUM FLow, 2016
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FOOTPRINTS




SAND FOOTPRINT

The World is Running Out of Sand oEE

The little-known exploitation of this seemingly infinite resource
could wreak political and environmental havoc

'Smithsonian

MAGAZINE

Why the world is running out of sand

* ENVIRONMENT

By Vince Belser It may be little more than grains of

17th November 2019 weathered rock, and can be found in
deserts and on beaches around the
world, but sand is also the world’s
second most consumed natural
resource.
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GRANITE FOOTPRINT
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DIVERSION

21



PLATINUM FOOTPRINT
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GLOBAL COZ2 EMISSIONS FROM INDUSTRY

Iron and Steel

Others
Cement

Paper
(Petro)chemicals

Aluminium

Martin Brudemiiller, BASF at the World Economic Forum, 21 Jan 2020
3@
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OPTIONS FOR CO,

© Make Less
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POTENTIAL SOLUTIONS FOR DIRECT EMISSIONS

Potential CO2 reduction
AN

CO2-reduced breakthrough
technologies

’ &
llll
m Renewable energy supply

Process and energy
optimization

> Costs and risks

Martin Brudemiiller, BASF at the World Economic Forum, 21 Jan 2020



PLAN FOR ZERO EMISSIONS

Electricity requirements to achieve greenhouse gas neutrality
in the German chemical industry
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Martin Brudemdiller, BASF at the World Economic Forum, 21 Jan 2020
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BAD OMEN

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. ads ( smgolijus )
Single-use refers to products — often plastic — that are ‘made to be used once 4 d T
only’ before disposal. Images of plastic adrift in the most distant oceans, such as g;; eeotr(\)ly e us

straws, bottles, and bags have led to a global campaign to reduce their use.

The word has seen a four-fold increase since 2013, with news stories and images
such as those seen in the BBC's Blue Planet || steeply raising public awareness of
the issue.

L =/
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MODERN CHEMICAL INDUSTRY

Raw Materials
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OCEAN PLASTIC
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SOURCE OF OCEAN PLASTIC

O ALLIANCE TO
END PLASTIC WASTE

Sources of-Plastic
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




THE PACIFIC GYRE

More than twice the
size of Texas

Garbage concentration
Kilograms per square kilometer
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Great Pacific

Garbage Patch
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* Pacific Ocean
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GYRE CONCENTRATION IN MILK JUGS PER FOOTBALL FlELDW

17% 1. 1000 5. 50 8. 5

20% 2. 50013% 6. 20 9% 9. 2

s (3 200 7. 10 [10.1
4. 100

blue text = poll results

<>





https://www.youtube.com/watch?v=DcpEcngTrOQ
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LOTS OF POLYMERS MADE

257 Million Tonnes

2017 world demand
8%

12%

PS 8%

Source: IHS Markit
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THREE KINDS OF POLYETHYLENE

Polyethylene
LDPE ‘ LLDPE‘ HDPE‘
high-pressure radical catalytic co- organometallic
polymerization polymerization of catalysis
ethylene and a-olefin
lots of branching controlled branching limited branching
low density linear low density high density
polyethylene polyethylene polyethylene
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SECTOR CONSUMPTION* MATERIAL TYPE* PRODUCTION

IN USE/END OF LIFE*

8,300 MILLION METRIC TONS

Fiber Non-fiber
1,000 (12%) 7,300 (88%)
Other Fiber PET Fiber  Other PUR PET PV ) PP HOPE LLDPE & LDPE
4% 8% 4% % 9% 10% ™ 19% "% 18%
l ‘

Textile Industrial ~ Consumer &  Electrical & Building & nsport
1% 12% Machinery  Institutional  Electronic  Constructio 6%
. mooom e m
LT 5YERS 5 YEARS YRS TYEMRS DERS BB 0SYES TIYEARS
i.’ ¥
Waste
Ialse Sackd Generation *Based on 2004-
Secondary
2600 50 2015 data.
J **End of life and
in-use stock
Recydling allocation is based
600 (3% S D on RRS field
800(12%  Environment knowledge and
4,900 (79%) assumptions.

packaging
39%



WHERE DOES PLASTIC GO?

Global polymer flows, millions of metric tons per annum, 2016’

Process losses 4%
Feedstock recycling <1%
/// Chemical Mechanical (polymer) recycling 12%
/
|. (monomer)
\_ recycling <1%

: 330
e = 180

110 260 Collected for

(=100%) recycling 16%
Durable’

Incinerated 25%

Landfills 40%

Nondurable!
150

Unmanaged dumps
or leaks 19%

Virgin— Polymer — Applications — Waste
feedstock production creation?
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U.S. TRASH
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Organic

Paper and Paperboard

Food Waste

Yard Trimmings

Plastics
Wood

Rubber and Leather
Metals

Glass

Composted

Landfilled

Recycled

Combusted
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The pathway by which plastic enters the world’s oceans

Estimates of global plastics entering the oceans from land-based sources in 2010 based on the pathway from primary production through to marme plastic inputs

Global primary plastic production:
270 million tonnes per year

Global plastic wasle

275 million tonnes per year
I can exceed prmary production in

A given year sinCe it can rporate
productan from pravious years

Coastal plastic waste:
99.5 million tonnes per
This is the total of plastic waste ge
by ail popalations within 50 kilome!
coastline (therefore at rigk of antering

Mismanaged coastal plastic Plastic in surface waters:
waste: 31.9 million tonnes per year 10,000s to 100,000s tonnes
This is the annual sum of inadequately managed and There is & wide range of estimates of the
littered plastc waste from coastal populations quantity of plastics in surface waters
Inadequately managed waste (s that which It remains unclear where the majority of

1S stored m open of Inse

re landfills plastic inputs end up — a large quantity

{and therefore at nsk of leakage or Joss) might accurmdate at greater depths or on
‘ »Plastic inputs to the oceans: oSl
s 0h *,x \ ok
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2014 2050

PLASTICS
PRODUCTION : - : .

311 MT 1,124 MT

RATIO OF PLASTICS TO
FISH IN THE OCEAN
(BY WEIGHT)
1:5 >1:1
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PLASTIC PROVIDES BENEFITS

VSP with Surlyn®

Shelf-life
Comparison I

Surlyn® vacuum sealant resin

protein (meat, fish, poultry)

S formed tray

stretch-
wrap



PLASTIC PROVIDES BENEFITS
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EDUCATION

adapted from sustainable-graphic-design.blogspot.com
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ALTERNATIVES COST MORE

$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
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ALTERNATIVES HAVE HIGHER ENVIRONMENTAL COSTS

Climate change Damage to the health of
humans and ecosystems

Business as Altematives Business as Alternatives
Usual Plasfic to Plastic Usual Plastic to Plastic

Damage to the oceans

$343
5183 Billion

Billion

57

Billion

$5

Billion

AL Sy e cm i LED
Source: Trucost

Business as Alternatives
Usual Plastic to Plastic

s Source: American Chemistry Council TRUCOST report
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POSSIBLE SOLUTIONS

Use Less
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USE LESS WITH MORE EFFICIENT PACKAGING

Edible Oils
Ketchup & Other
Condiments
Sauces

Soups

Honey & Syrups
Water & Juices

Dry Pet Food
or Treats

Rice & Grains
Breakfast Cereal

Dry Baking Products
(flour, sugar, etc.)

Ground Coffee
Snack foods

7S
VA

7z
Lirr £
L2~

A Flex
to Rigid Contai

5/

y s o

Paint & Coatings
Detergents &
Cleaning Products

Motor Qil & Fuel
Additives

Seeds \
Cat Litter \
De-icer Pellets

Fine Aggregates
(filter sand, etc.)

R&D 100 Winner
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/ Top and Bottom Handles
« Easy handling
Re-Closable Cap o
* Precision pouring
* Maximum filling content
utilization

Cubic Shape

4 . Shelf Stable &

Maximizes Shipping
Efficiency

: / Space Saving
* Ships and Stores

Flat when Unfilled

Flexible Design
» Four Print Surfaces
Superior drop resistance
Reduce excess head spac
Improved dispensing '
Collapses easily
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WASTE REDUCTION HIERARCHY

-
- s
U Recycle

W Downcycle
W Recover

V¥ Dispose

<>
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ENABLE RECYCLING
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This road contains
recycled plastic
made possible by

3 =

Midland County
Road Commission
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RECOVER

THE PLACE FOR YOUR PLASTIC LEFTOVERS

IENERGYBA

NON-HECYCLED PLASTICS
COLLECTION PROGRAM

!'lhﬁ Metom by
E R T PO AT R
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DISAPPEAR
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RECYCLING ISSUES

Refrigerated Carton

Polyethylene w———e "

Paperboard =————e

Polyethylene =————ame

-
Carton Council®

AL

Shelf-stable Carton

Outer Polyethylene Coatin
Y Kiquid Barrier%

Paperboard  s— N3 :
(Stability)

(Light, Odor & Oxygen Protection)

Inner Polyethylene Coatings

{Liguid Barrier)

0
3

Carton Council¥

A
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RECYCLING IS DIVERTED TO LANDFILL
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WHICH |Is MOST VALUABLE
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WHICH Is MOST VALUABLE?

1. newspaper
toilet paper roll
HDPE milk jug
steel can

glass bottle

PET water bottle
Pt catalyst disk

N O Ok oD

poll results lost
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RECYCLING PRICES

0.61¢ 0.01¢

0.22¢

0.20¢
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TYPICAL LIFE CYCLE ASSESSMENT
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Goob NEws
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QUESTIONS
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T

Seek Together”



