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glaSS js nature’s .
Glass is nature’s

safest container
+ transparent.

Glass s open, honest,
it lets you se€ exactly what your baby is eatng
te in sustainability-
is, safes 1

Glass is the uluima
d it's endlessly recyclable

“Glass is the
sustainability”
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SUSTAINABILITY DEFINITION

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

PROCESSING

=
)

CUCTAS B )
SUSTAINABILITS
ot o i
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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

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

9
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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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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

NO 4 QUALITY GENDER
POVERTY L HUNSER EDUCATION EQUALITY

Tl

600D JOBS AND 1 REDUCED
ECONOMIC GROWTH INEQUALITIES
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SIMPLIFIED CHEMICAL INDUSTRY
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MODERN CHEMICAL INDUSTRY

Raw Materials Cracker Products
MTO —_steamcacker % (GO 2
, e /4

gas

Naphtha/

Gas Ol

arn— Other
"""" S —— ISR
sowce: 2011 B8P Qatstical Roviow source. CMAI 2012

source: CMAI 2012



ROUGH INDUSTRY MASS BALANCE
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CHEMICAL TRANSFORMATION
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ROUGH MASS BALANCE

430 eos
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IMPLICATIONS

@30 €33
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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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R,J 100%

Total Man-made GHG Emissions )
49.4 GtCO2e Chemical &

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

MJPhLD



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]
120 700
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e Urea e Methanol o Rest - GHG emissions
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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
% »




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

Raw Materials Cracker Products
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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

— T ¥ o | ¥ 5 5

More than twice the
size of Texas

Garbage concentration
Kilograms per square kilometer

0.1 1 10 100

Great Pacific
Garbage Patch %
: UNITED STATES

San |
Francisco

-
Hawaii
o ‘“
» Pacific Ocean
SOURCE theoceancleanup.com 200 E
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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

MJPhLD

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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] / Composted
Paper and Paperboard ' _—
Landfilled
Food Waste
Yard Trimmings
Plastics
Wood
Recycled
| Rubber and Leather
Metals
e = : Combusted




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

S bl 2 Gt
ES ! ie
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USE LESS WITH MORE EFFICIENT PACKAGING
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Ketchup & Other Breakfast Cereal Detergents & Ny
Condiments Dry Baking Products Cleaning Products
Sauces (flour, sugar, etc.) Motor Oil & Fuel
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ENABLE RECYCLING

RANSDTIN i 15 core g

] )
y = N

3 | . ~
y all|= 2 At &y
Yo oahlE<dl /2N No Compatibilizer XUsS69108.01%"
(‘ \
TO i.l]n-ll N ""x d’ ] Large EVOH domains Modifier Polymer
T ——h

Small, uniform EVOH domains

Optical Microscopy

No Compatibilizer XUs69108.01"
Large EVOH domains Modifier Polymer
: Small, uniform EVOH domains

etain

polymer modifier by @

\- *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

! 1 Calen [ ] U pe—
[ AT FRe BN L TEA1] JARP
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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
% »




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

products
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CIRCULAR ECONOMY

TAKE  RENEWABLE

‘h POWER mi
%

L

materials

=

O O

ah\ products
| —_—
“IH] WASTE




SUCCESSFUL CIRCLES

Steel attributes — Benefits of steel recycling

Infinite recycling
C/\{} without loss
of properties

Permanent
material

Easy magnetic
separation
and recovery

MJPhLD

One tonne of steel

) recycled saves
Raw materials on average :
Conservation Qr ] 400 <0 1Iron one
740 kg coa

120 kg limestone

Recycling a single

I
i steel can saves :
70% I 1 laundry load, or
Energy saving ~ 1 hour TV, or
4 hours lighting

(B0 watt bulb)

Jobs required
. for scrap collection,
Job creation @ g separation and
recycling

http://circulareconomy-worldsteel.org/



SUCCESSFUL CIRCLES

Pl Summer heat = Greenhouse gases

Resource
availability

P‘opulaﬁf:\n
grawth

Being 1009% recyclable , copper
can be used again and again

Copper is a naturally 4-100c000

) e occurring mineral ¢ Tonnes of copper
with no loss of properties. CIRCULAR resource in the i products made by
ECONOMY earth's crust. i the EU industry
= ‘E
w  end-of-life ;
-‘ scrap The superior electrical and thermal

conductivities of 1 tonne of copper
can deliver lifetime savings of:

50% S .
Of the EU demand for s .

""ﬂvﬁﬁ

oridihon I 100-7500T  €24.000-2.4M
0 50 500 @ L=

A A'lA A
. European | oL == S
Cu Copper Institute
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PROBLEMATIC CIRCLES

Global Flows of Plastic Packaging Materials in 2013

8% CASCADED
RECYCLING =

1% IMCINERATICH AMDY
COR EMERGY RECOVERY

78 MILLION
96% VIRGN TONNES 40% LANDF ILLED

FEEDSTOCK

JANN UAL PRODUCTION)

3% LEAK AGE

1 Cloesad-loop recycling. Recycling of plastics into the same or similar-quality application
2 Cascaded recycling: Recycling of plastics info other, lowerwvalue applications

Source: Projact Mairstream analysis — for details pleasa rafar to the extendad version of the repan ol
available an the website of the Ellen MacArhur Foundation. www. ellenmacathurfoundation.ang e ..* source:; Word Economic Forum
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WHAT IS MISSING

Steel attributes — Benefits of steel recycling

One tonne of steel
Infinite recycling A ; @m recycled saves
w materials
m without loss 2 on average :

conservation r
of properties q ¥ €

4 Recycling a single
steel can saves :

Permanent i
material Er
Easy magnetic

separation J

and recovery

CREATE AN EFFECTIVE AFTER-USE
PLAS TICS ECONOMY

OTHER

H MATERIA L
Being 100% rcy L 4.100,0( RECYCLING STREANS
can be used agai Tonnes of cop RADIGALL ¥ IMPRO VED

with no loss of p

products mac ECONOMICS & QU ALITY
the EU indus!

r electrical and thermal
ties of 1 tonne of copper
Vet lifetime savings of:

Ld
S 2
100-7500T  €24,000-24M
DESIGN &
. PRODUCTION
06 0@ o

ﬁ _0‘,' ﬁ ﬂ RENEWABL Y SOURCED

50%

Of the EU dem
copper is met
through tecycfing

VIRGIN FEED STOCK ENERGY RECOVERY?
European | N P U0 LEARAGE
u Copper Institute
Shppse Mty DECOUPLE PLASTICS FROM 2 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
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WHICH IS MOST VALUABLE
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RECYCLING PRICES

0.61¢ 0.01¢ 0.22¢ 0.20¢

¢
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GooDb NEws

125

Post-consumer HDPE
natural pellets

—
o
(@)

E

u
o

Virgin blow molding HDPE

homopolymer (dairy)

Price Per Pound (cents/Ib)

Plastics News

0
i 2] 11 12 13 "14 15 16 17
Year

MJPhLD

18 19 20 ‘21 22 23



DOWNCYCLED PET

- 2l B -
S s Y/ - A,
N \". "\:l‘: 4 V,\’ y“‘v)v:{; s
TS S VeI

J\_; ) ol .,:/J_/ -" A

6 BOTTLES
RECYCLED TO
MAKE THIS VEST

MADE FROM

RECYCLED

30inx45in (76 cm x 114 cm)

durable * luxurious softness
stain and fade resistant




McKinsey
& Company How plastics waste recycling could transform the chemical industry

By 2050, nearly 60 percent of plastics production could be based on
plastics reuse and recycling.

Global polymer demand 2016-50 and how it CAGR
could be covered, millions of metric tons' 2016-50,° %
1,200
1,000 Projected demand growth®
Mechanical recycling
800
Recovered monomer
600 Recovered feedstock
(plastic equivalent)
400
Virgin feedstock o
200 1

0
2016 2020 2025 2030 2035 2040 2045 2050

'Scenario based on a multi-stakeholder push to boost recycling, regulatory measures to encourage recycling, consis-
tent progress on technologies, and $75-per-barrel oil price.

2Compound annual growth rate. Mechanical recycling limited by downcycling and applicable materials, monomerization
limited by applicability to condensation polymers only, pyrolysis limited by likely rise in input costs.

3After demand reduction, assuming annual global GDP growth of 3.1%. Decamber 2018



BIG CHANGES — ONLY POSSIBLE WITH CHEMISTRY
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LEAD RELEASE FROM METALS PROCESSING

Cu production - 13,000 tons of Pb
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CAUTIONARY TALE OF UNINTENDED CONSEQUENCES

® FORUSEASA ®
MOTOR FUEL ONLY

CONTAINS

LEAD

° (TETRAETHYL) °
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KNOCKING

Normal Combustion

Knocking
(premature combustion)

o 1=

L

— Cylinder
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TEL stops knock at 1 part per thousand

Ethanol requires 10%
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lelraclhyl! lead ... THE REASON WHY
AMERICA'S CARS ARE BEING TUNED UP

... NOT DOWN @
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MAKING THE FARMER'S IRON HORSE WORK HARDER...
>

v /elrﬂel['// lead /

NLY FOUR YEARS AGO there were
no high-compression tractors in
the United States. Until then tractors
were built with low compression engines
in order to burn the poorest grade of
fuel sold. Most farmers thought that
this was the w y to “‘economize.”
Butin 1933 oil refiners made “leaded”
ular gasoline generally available . . .
that is, gasoline which has been im-
proved by the addition of anti-knock
fluids containing tetraethyl lead.

So tractor engineers began to experi-
ment with high compression engines de-
signed to take advantage of this new,
berter fuel. They ran practical tests on
farmsand tractorproving grounds. They
discovered that Farmer Jones, with a
high compression tractor, could pull
three plows instead of two, that he
could operate in a higher gear and get
more work done in the same time, or
that he could pull the same equipment
on four gallons of fuel instead of five.

Today twelve tractor manufacturers
sell high compression tractors designed
to use “leaded” gasoline. Thousands of
these tractors are now in use. And a re-
cent national survey indicated that
nearly three out of every four farmers
who are planning to buy a new tractor
will buy a high compression tractor.

Tetraethyl lead has helped the farm-
er’s iron horse work harder. . . just asit
has the automobile owner to get greater
power and economy from his car.

Ethyl Gasoline Corporation
manufacturer of anti-knock fluids used
by oil companies to improve gasoline

THIS MONDAY NIGHT tune in on “Tune-Up Time™
Columbia Broadeasting 7 pomy B

<t



GASOLINE IS
STILL FIGHTING

Even the man in the moon wouldn’t know for certain when the war is going to

end. But one thing you can be sure of—as long as American soldiers, sailors and
airmen are in action, the best gasoline America can produce will be with them in
the fight.

Today, the manufacture of combat gasoline is taking the cream of the US.
petroleum industry's production, plus most of the Ethyl fluid manufactured. That's

why gasoline at home must still be limited both as to quantity and quality.

But when final Victory is achieved, you can look forward to getting unlimited CORPORATION"
quantities of top-quality Ethyl gasoline again—Ethyl that will bring out the Chrysler Building, New York 17, N. Y.
best performance of any car. ETHYL I8 A TRADE MamK NAME
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THE TOXIC EFFECTS

OF LEAD

BRAIN &
NERVE
DAMAGE

©

SPEECH,
LANGUAGE &
BEHAVIOUR

PROBLEMS

ANAEMIA

Toa

REDUCED
GROWTH

REPRODUCTIVE
PROBLEMS
(ADULTS)

DECREASED
MENTAL
ABILITY &
LEARNING
DIFFICULTIES

HEARING
PROBLEMS

HIGH BLOOD
PRESSURE

KIDNEY
DAMAGE

DIGESTIVE
PROBLEMS

N
9: ‘% World Health

VOrganuanon

CHILDREN

Brain
( Behavior problems,
lower 1Q, hearing

g loss, learning
‘“_" disabilities

WN— Kidneys
2) Damage
mi

system '—“{' | H——8lood
Anemia

Body -
Decreased
bone and
muscle
growth




—=— USA Average Preschool Blood Lead

—e—USA Juvenile Property Crime Arrest Rate
30 3000

25 2500
20 2000
15 - \' 1500
10 \ 1000
5 % 500
0 | | | | | | | : | : | : H 0

1940: 1945: 1950: 1955: 1960: 1965: 1970: 1975: 1980: 1985: 1990: 1995: 2000: 2005:
1957 1962 1967 1972 1977 1982 1987 1992 1997 2002 2007 2012 2017 2022

Lead Year: Crime Year (17 year lag)
www.ricknevin.com

Average Preschool Blood Lead
Juvenile Property Crime Arrest Rate

A timeline of lead reduction

1970 1973 1978 1991 1996 2012

CDC sets EPA CPSC CDC sets EPA CDC describes
acceptable = mandatesa bans acceptable = eliminates blood-lead
blood-lead phaseout residential blood-lead lead fromsalhe level of

level of of leaded lead paint  level of U.S. motor >5 pg/dL

40 pg/dL gasoline 10 pg/dL fuel as elevated

MJ PI-lD Economists hypothesize that regulation of leaded gasoline and lead paint in the 1970s caused crime rates to drop in the U.S. about 20 years later. SOURCES: Rick Nevin, FBI
Uniform Crime Reporting Statistics



WHAT IS THE SAFE LEVEL?
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Risk
Tolerance

Danger mm




Risk
Tolerance

Danger mm
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GREAT LAKES TRADER
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Imagine fairy dust that cuts emissions by half

Could it contain lead?
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2.8 B kg ~2 tons

2030

2
7.5% @

8
225 million tons
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TRAIN DERAILMENT WITH TOXIC, FLAMMABLE, CARCINOGENIC CARGO
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EAST PALESTINE, OHIO

e T SR 7
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EARLIER VINYL DERAILMENT

MJPLD

NTSB Accident Report RAR1401, "Conrail Freight Train Derailment with Vinyl Chloride Release Paulsboro, New Jersey", November 30, 2012



EARLIER VINYL DERAILMENT

NTSB Accident Report RAR1401, "Conrail Freight Train Derailment with Vinyl Chloride Release Paulsboro, New Jersey", November 30, 2012
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known to be human carcinogen

NTP ° EthanOl grp 1: carcinogen

known to be human carcinogen
° WOOd DUSt grp 1. carcinogen
known to be human carcinogen
* Soot grp 1: carcinogen
: : known to be human carcinogen
° Vlﬂy| Chlorlde grp 1: carcinogen

o Prog esterone reasonably anticipated human carcinogen

grp 2b: possible carcinogen

JARC

known to be human carcinogen

° TObaCCO SmOke grp 1: carcinogen
¢ CaprOIaCtam grp 4: non-carcinogenic

National Toxicology Program (NTP) and the International Agency for Research on Cancer (IARC) maintain lists of carcinogens.
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USED OFTEN, RARELY DEFINED

Safe

Sustainable
Toxic
Carcinogenic
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