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SUSTAINABILITY DEFINITION

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

Sustainabllity Is the ability to continue a defined
behavior indefinitely. Environmental sustainabllity
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 sustaitnability. Thato
really can be applied to almost anything in life.

Arizona State University School of Sustainability
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SUSTAINABILITY DEFINITION

stainability means meeting our own needs
ithout compromising the ability of future
generations to meet their own needs.

Brundtland Commission
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THREE PILLARS OF SUSTAINABILITY

_ environment
society economy
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UN SUSTAINABLE DEVELOPMENT GOALS
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SIMPLIFIED CHEMICAL INDUSTRY
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MODERN CHEMICAL INDUSTRY
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ROUGH INDUSTRY MASS BALANCE
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CHEMICAL TRANSFORMATION
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ROUGH MASS BALANCE
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IMPLICATIONS
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CARBON FOOTPRINT OF INDUSTRY

Industrial
Energy Use Process
y.
'8 ﬁ data from World Resource Institute, 2020

- Agriculture,
Transport Buildings Other Industrial Forestry

and Land Use
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Petrochemical
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GLOBAL COZ2 EMISSIONS FROM INDUSTRY

(Petro)Chemicals

- 4

Ferrous

Others Metals

40%

12.6 Gt CO,

"/

Aluminum

Cement

Martin Brudemuller, BASF at the World Economic Forum, 21 Jan 2020
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OPTIONS FOR CO,

~ Make Less
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POTENTIAL SOLUTIONS FOR DIRECT EMISSIONS

Potential CO2 reduction

CO2-reduced breakthrough
technologies

Renewable energy supply

Process and energy
optimization )
Costs and risks

Martin Brudemiiller, BASF at the Word Economic Forum, 21 Jan 2020
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PLAN FOR ZERO EMISSIONS

Electricity requirements to achieve greenhouse gas neutrality
in the German chemical industry

GHG emissions [Mio. t CO2-e] Electricity requirements [TWh]
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Martin Budemidller, BASF at the Wonrd Economic Forum, 29 Jan 2020



MAIN FOCUS AREAS-2020 UPDATE

P

Protect the Climate Stop the Waste Close the Loop
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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.

Single-use refers to products — often plastic — that are ‘'made to be used once
only’ before disposal. Images of plastic adrift in the most distant oceans, such as
straws, bottles, and bags have led to a global campaign to reduce their use.

ad‘! ( smgoal'jus J

made to be used
once only

The word has seen a four-fold increase since 2013, with news stories and images e @ /
such as those seen in the BBC's Blue Planet Il steeply raising public awareness of 8= L Z::‘r:
the issue.

# CollinsWOTY

Pioneers in dictionary publishing since 1819
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MODERN CHEMICAL INDUSTRY
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OCEAN PLASTIC
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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




THE PACIFIC GYRE
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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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In The Pacific Gyre At Point of Highest Plastic Concentration










SECTOR CONSUMPTION* MATERIAL TYPE* PRODUCTION

IN USE/END OF LIFE**

8,300 MILLION METRIC TONS

Fibier Non-fiber
1,000 (12%) 7,300 (88%)

Other Fiber PET Fiber  Other PUR PET
4% B% 4% T% 9%

HDPE LLDPE & LOPE
Y 18%

Industrial  Consumer&  Electrical & Building & nspart
1% 12% Machinery  Institutional  Electronic  Constructio 6%
1% 1% % 7%
L. 5YEMRS 5 YEARS 20 YEARS 3V TIENS ISV OSYEMS 1 YEARS
In-Use Stock & *Based on 2004-
Secondary 2015 data
2,600 ‘
**End of life and
in-use stock
Recycling allocation is based
600 (%) on RRS field

Incineration  Landfilledf
800 (12%)  Emvironment knowledge and
4,900 (79%) assumptions.

packaging
39%



PLASTIC PROVIDES BENEFITS

VSP with Surlyn®

Shelf-life

Comparison -
21-35

days

_Surlyn® vacuum sealant resin

protein (meat, fish, poultry)

~ formed tray

stretch-
wrap
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PLASTIC PROVIDES BENEFITS




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

5343
5183 Billion

Billion

563
Billion
Business s Altematives Business as Allernatives
sual Plasfic to Plastic sal Plostic to Plastic

Damage to the oceans

57

Billion

$5

Billion

Business (s Altermnatives
Usual Plastic to Plastic
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Source: American Chemistry Council TRUCOST report



WHERE DOES PLASTIC GO?

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

Process losses 4%
Feedstock recycling <1%

,/f Chemical

'\ (monomer)
\ recycling <1%

e,

" Mechanical (polymer) recycling 12%
330
180

110 260 Collected for
I: = 100%} I'&G}"C”I'Ig 16%

Incinerated 25%

Landfills 40%

Nondurable’
150

Unmanaged dumps
or leaks 19%

Virgin —— Polymer — Applications —— Waste
feedstock production creation?
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SOURCE OF OCEAN PLASTIC

0 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




POSSIBLE SOLUTIONS

Use Less




WASTE REDUCTION HIERARCHY

A
- Reuse
U Recycle

Wl Downcycle
W Recover
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USE LESS WITH MORE EFFICIENT PACKAGING
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ENABLE RECYCLING

RANSDTIN i 15 core g
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Optical Microscopy
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\- *Dow estimate peroverall barrier figures from Barner Materials
~ 2012-2015 Market Report, Allied Develbpment, 201 3.
“ ™rademark of The Dow Chemical Company



PROVIDE ALTERNATIVES

made possible by

Midland County
Road Commission




RECOVER

ENERGYBAG

THE PLACE FOR YOUR PLASTIC LEFTOVERS

NON-RECYCLED PLASTICS
COLLECTION PROGRAM
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DISAPPEAR
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L EGO SEARCHES FOR ABS REPLACEMENT
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GRANITE
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WHICH IS MORE SUSTAINABLE
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EDUCATION

adapted from sustainable-graphic-design.blogspot.com



LOTS OF BRICKS
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MAIN FOCUS AREAS

e

Protect the Climate Stop the Waste Close the Loop
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NATURAL CYCLES

iegWater, Cycie . . Carbon Cycle

Volcanic

steam ’

rﬁ%ﬁ“’ i
BV A

Sublimation

11

Desublimation Evapotranspiration

Evaporation

Fossil Fuel

U.S. Dept. of the Interior SO“ 1 600

U.S. Geological Survey
lJohn Evans, Howard Perlman, USGS G rou ndwate r Sto rage

Ocean 38,000 +1.9 per year

http://ga.water.usgs.gov/edu/watercycle.htm!
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LINEAR ECONOMY
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