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Sustainability is Unsustainable?
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Bl Plastic Cups




Bl Ordered




Bl Disordered




Il Systainable?




Bl |s this Cup Sustainal




Bl |s this Cup Sustainable?

Sustainable is not an intrinsic property of a material!
You can't know by just looking.

How about this one?

10



Bl Systainability Is A Balance
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B \\'hat Unhealthy Looks Like

Healthy

Unhealthy




= Chemical Industry Health
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Bl Chemical Industry Snapshot

Raw Materials

3k
oL

gas

sowce. 2011 BP Statstical Review

S Dow 2

Propane PDH

Naphtha/
Gas Oil

; Other

source. CMAI 2012

Cracker

MTO

Products

— g

- steam cracker

==L ————

CO,

Polypropylene 5%

Propylene Oxide 7%

Oxo Alcohols: 7%
Acrylenitrile 6%
Cumene/Phanol 6%
Acnyic Acwd 4%

Ethylene
m-m 10%
6%

source: CMAI 2012
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Bl Green Chemistry Principles

Qhwelve Principles of Green Chemistry

. Prevention: It is better to prevent waste than to treat or clean
up waste after it has been created. '

. Atom Economy: Synthetic methods should be designed to
maximize the incorporation of all materials used in the process
into the final product.

. Less Hazardous Chemical Syntheses: Wherever practicable,
synthetic methods should be designed to use and generate
substances that possess little or no toxicity to human health and
the environment.

. Designing Safer Chemicals: Chemical products should be
designed to effect their desired function while minimizing their
toxicity.

. Safer Solvents and Auxiliaries: The use of auxiliary substances

(e.g., solvents, separation agents, etc.) should be made
unnecessary wherever possible and innocuous when used.

. Design for Energy Efficiency: Energy requirements of chemical
processes should be recognized for their environmental and
economic impacts and should be minimized. If possible,
synthetic methods should be conducted at ambient temperature
and pressure.

D Dow

10.

11.

12

Use of Renewable Feedstocks: A raw material or feedstock
should be renewable rather than depleting whenever
technically and economically practicable.

Reduce Derivatives: Unnecessary derivatization (use of
blocking groups, protection/ deprotection, temporary
modification of physical/chemical processes) should be
minimized or avoided if possible, because such steps require
additional reagents and can generate waste.

Catalysis: Catalytic reagents (as selective as possible) are
superior to stoichiometric reagents.

Design for Degradation: Chemical products should be
designed so that at the end of their function they break down
into innocuous degradation products and do not persist in the
environment.

Real-time analysis for Pollution Prevention: Analytical _
methodologies need to be further developed to allow for real-
time, in-process monitoring and control prior to the formation
of hazardous substances.

Inherently Safer Chemistry for Accident Prevention:
Substances and the form of a substance used in a chemical
process should be chosen to minimize the potential for
chemical accidents, including releases, explosions, and fires.



Bl Green Chemistry Principles

- Qhwelve Principles of Green Chemistry
1. Prevention: It is better to prevent waste 'than to treat or clean ‘

up waste after 1t has been created
2. A

should be renewable rather than depleting whenever
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Bl | fe Cycle Analysis

extraction
processing

disposal

sustainable-graphic-design.blogspot.com
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* improving our Production methods
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= The Evolution of Polyethylene

LDPE

LLDPE

mPE

<>

Radical mechanism (1933)

» Ethylene only polymerization

* Very high temperature & pressure
 Complicated kinetics

Coordination catalysis (1950’s)
« Ethylene/ai-olefin polymerization
* Low Temperature & Pressure

« Ti, Cr catalysts

* Multiple catalytic sites

“Single Site” catalysts (1990’s)

» Ethylene/a-olefin polymerization

* Molecular catalysts

» Kinetics the same for each
catalytic site
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Highly Branched:

* Excellent flow properties

* Fast extrusion rates

* Poor mechanical properties

Linear Backbone:

* PE homopolymer: crystalline

* Copolymers: flexible and tough
* Blend of polymers produced

Homogeneous Polymers:

* Narrow molecular weight distribution
* Narrow comonomer distribution

« New monomer combinations

* Long chain branching

Page 25



mm Polymer Properties Determined by Catalysis

branch point (‘defect’)
ethylene - v
catalyst
octene \ C-H
CeH1s 613

| <—— Lamella: long sequences of

polyethylene
J=n | .units fold intg crystallites
) | — Interfamapreglons: Qdef%ct%l are
" excluded
' : .into amorphous
reaibigsmolecule: brlcpge morep
gl
than one
oy ’ lamellar
Prog. Polym. Sci. 2011, 3793. CryStalllte
Molecular Bulk Polyethylene
Catalysis mmmd Structure of D oo TP o L e
Polym. Chains
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Bl Counter-intuitive Catalysis Improves Process

Polyethylene: Higher Efficiency and Plant
7 Iﬁughput Through Improved Catalyst Design
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Increasing Thermal Stability and Efficiency



Bl Stand-up pouch packaging reduces waste

and brings energy savings

0.

FROTEIN
gy

/

frusit amd nut

Package

Type

Impact per 100 oz Cereal
Landfill Pé‘LCGeff Total
Discard Energy**

s* (g) (kgch)oz (MJ)

Contents

Paperboard

and 11 oz 380.0 .861 12.1
HDPE Liner

Stand-U

Beeh P 12 o0z 117.5 265 9.25

Reduction vs Box

Landfill Discards 68%
GHG 69%
Energy 23%

28




Bl Fexible Packaging Examples

<7  greenerpackage.com

nestle-shop.ch

29



....utilizing life
cycle thinking,

choosing
solutions with

multiple
environmental,
social &
economic
attributes

Resource Use

or
\/ Footprint




PART OF THE INITIAL GLOBAL PRODUCTION LOST OR WASTED
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[ Consumption
[ Distribution
I Processing
[ Postharvest
Bl Agriculture

GLOBAL FOOD LOSSES

cereals roots & oilseeds & fruit & meat fish & dairy
tubers pulses vegetables seafood products

PER CAPITA FOOD LOSSES AND WASTE, AT CONSUMPTION AND PRE-CONSUMPTION STAGES
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Europe North Industrialized Subsahara North Africa, South & Latin to retailing
America & Asia Africa West & Southeast America
Oceania Central Asia Asia
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Source: FAO, 2013



Bl North American Food Losses Processing to Plate

PROCESSING
AND PACKAGING
LOSSES

DISTRUBUTION

AND RETAIL
LOSSES

CONSUMER
LOSSES**

**|ncludes out-of-home consumption

GRAIN PRODUCTS
SEAFOOD

FRUITS & VEGETABLES
MEAT

MILK

GRAIN PRODUCTS
SEAFOOD

FRUITS & VEGETABLES
MEAT

MILK

GRAIN PRODUCTS
SEAFOOD

FRUITS & VEGETABLES
MEAT

MILK

1%

5%

2%

.25%

5%

A%

4%

10%

9.5%
12%

27%
33%
28%
12%
17%



CO,e

l Expenditure

13X bigger for beef

chicK en

ﬁ

Avoided
Waste

<>
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o’ /1Y T OCUS OF) Packaging

Need to Reduce Food Waste Creates Opportunities

Arable land for food production remains the
same

One-third of the food produced for human
consumption — about 1.3 billion tons
per year — gets lost or wasted*

Innovative food packaging
Improves both food preservation
and food safety and can address
opportunity

* Source: Food and Agriculture Organization of the United Nations, May 2011

<>

®™Trademark of The Dow Chemical Company (‘Dow”) or an affiliated company of Dow



Why Focus on Packaging
]

The Sustainability Benefits of Plastic Packaging

A Great Solution!

Lphtweight, durable, and flexible — the protective properties
of plastic make it one of the world’s most sustainable _
performers in delivering environmental, economic and social

alye, .. . . :
usli:amablllty Profile: Plastic Packaging:
e Reduces materials — 2 ibs of plastic deliver the same

amount of liquid as 3 Ibs of aluminum, 8 Ibs of steel, or 27 Ibs of glass.

e Saves eneri gV — 1 truck of flexible packages replaces 25 trucks

carrying the same amount of food in cans.

e Reduces harmful emissions — Organic waste in

landfills emit methane: a GHG with 23 times more global warming
potential than CO, and plastic packaging helps keep food out of the
landfill.

e Saves resources — By preventing food from spoiling and

protecting consumer goods from damage during distribution.

o sable resource - canve recycled to polymer or for

energy at the end of its initial life.

®™Trademark of The Dow Chemical Company (“Dow”) or an affiliated company of Dow




Bl | arge Scale Shipping




Bl [lexible packaging helps

Increase shelf life

Using only a
few grams
of flexible
plastic
packaging FLEXIBLE PLASTIC PACKAGING
extends the HELPS IN-STORE WASTE
shelf life of a
cucumber by

% !r?fftffmﬁ_ o under 1 EJ’EEM’J_

more than o INCREASING
| HELF LIFE

@ Source: Incpen 37




Bl Demand for Bioproducts?

PANTENE;Z | naturerusion|

10X

STRONGER HAIR

Delta Airlines Napkin
April 2012

PLANT-BASED
BOTTLE

(up to 59% excluding cap)

PLANT-BASED
BOTTLE ...

*strength against damage vs. non-conditioning shampoo €201 P&G

Midland Daily News
1 January 2012

T



Bl Two Carbon Flavors

. Fuel

=/




Bl \\V'hat Impact?

per capita
E consumption (Ib/yr)

y ; PET PET -
j = packaging
£ i petroleum 6619
' i natural gas 8037
= § coal 6439
B 4 N o gasoline 2495
= t | sand and
R 100% renewable [N 13923
~ W PET (not yet X S5
available) would cemen
required ~80 2 L iron ore 340
30% /7% bottles to offset salt 403
burning 1 gallon of
SEnLsicl gasoline or about beer >4.3
400 at today’s 30% [ealleCy 55.7

data from HIS, 2012 ERS USDA, 2011 National Mining Assoc., World Bank



B PET Comparison
40— 20
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Number of 2L Bottles

Number of 16 Oz Bottles
S
|

0. 35

0.75

0.25"

1.5

2 2:5
equivalent miles for 30% renewable-PET
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Bl STYROFOAM™ Structural Insulated Sheathing yields
significant energy savings for homes

Description

STYROFOAM SIS™ Brand Structural Insulated Sheathing is a
first-of-its-kind residential wall system that combines shear
bracing, insulation and water-resistive barrier protection in one
product.

Sustainability Profile
« Easy integration of energy-efficiency into building practices

« Made up of 80% post-consumer recycled content, Energy
Star-qualified

« Potential to save homeowners up to $500 USD/year in energy

« Reduction in home energy use helps reduce carbon emissions




Bl Continuous, spray foam insulation can drive additional
efficiency, further enhancing savings

_ Insulation at Continuous Insulation
US Building Code Minimums -




Bl Financial Way of Looking At Benefit

$

40—

30—

20—

10—

T Benefit

e e

l Expenditure

Net
Present
Value

$0.11/kWh, 2 hr per day
$8 CFL, $0.50 incan, 10%

S Dow 2




Bl [hsulation Benefit

CO,e

50 years

l Expenditure

$ Net Benefit

<>
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Misconceptions Demean Advances




Il Fresh Water Production

Simple Distillation ~600 kWh/m?3 rerneste
AP > Artf * * AP = Am,
Feed — —  — > (Concentrate

& 15 1 l !
‘E Permeate
; % Recovery
é 901210 30 40 45 50 55
S 10 - T 81 Rt
o 2l E
— Membrane

= 7
3 T e P=1II
S S 64 Configuration
7 @ -1 Energy
c o °3
O 51 B 4
O =I5 Theoretical
E g 33 Minimum

b o] Energy
2 O 27
O M "W H Ul 1]

1970 1980 1990 2000 2010 PRASEEALAL BRI paRALAAR A nAL AL SazuasaaaLD:
0.0 0.2 0.4 0 6 0.8 1.0

Elimelech et al, Science 333, Aug 2011

Normalized Length
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B FLMTEC™ Membranes
Novel Low Energy Membranes

« Step-change In

0.5

perform ance BW-225 psi LE-150 psi XLE-125psi NF-70 psi
0.45
* Next generation . XEE0)
membrane technology
a .
- Low energy elements & o3 -
enable new levels of £ oz D
. . 2 GEN I A__' GENII 7
rejection 5 02— — e
° Energy savings o 015 &= HRLEE!’)E.HS_LI,,,A"“" /
230+% Wlth 997% 017 ..7‘ ......... > ‘
salt rEjECtion 0.05 ———
0 T T T T T
0.13 0.18 0.23 0.28 0.33 0.38

Water permeability ( A-GFD/psi)



Bl Energy-efficient DOW FILMTEC™ Water Treatment
Membranes yield savings on water purification

Process

Multi Stage Flash (MSF)
Multi Effect Distillation (MED)

Reverse Osmosis

T

Operating Energy
Consumption
(Kwh/m3)

13.5-25.5
6.5-11
3-35

Customer Energy
Savings
2005-2015
Barrels of Oil-eg

242 million

82 million
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Bl RO Cartridge Benefit

Energy

? Benefit

i Expenditure

> Net Benefit

<>
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Bl Chemical Industry Snapshot

O

Emissions

“ Building &

1 Construction
m Electronics
— —

- ) Agriculture
= ﬂ Packaging

Coatings

Automotive




Bl Systainable Manufacturing Requires Broader Look

sustainable
manufacturing looks
across the life-cycle

Biomass Recycle




mm”rergy Ferformonce Research Nejghborhood

Cobblestone Homes/Dow Building Solutions — Midland, Ml
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mm Soth Homes ore 2012 IECC 50/14,0[/0»77"

OSB Plus Housewrap

R-5 Continuous Insulation



Bl Go After the 21,000 Ibs
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