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I Save Time by Using Fossil Fuels
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Return Shareholder Value

I can’t waste money 
and time at work



Sustainability is Unsustainable?
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http://imgs.xkcd.com/comics/sustainable.png



Metaphor for Sustainability
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Ordered
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Disordered

18



Sustainable?
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How about this one?

Is this Cup Sustainable?
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Sustainable is not an intrinsic property of a material!
You can’t know by just looking.



21



Signs of Hope



Which is more sustainable?

plastic
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paper



Which is more sustainable?

8 hours
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1 mile



Which is more sustainable?

A meat-eater in a Prius
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A vegan in a Hummer



Life Cycle Analysis
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Financial Way of Looking At Benefit
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Why Not Sustainability?
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Misconceptions Demean Advances 
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Fresh Water Production
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Simple Distillation ~600 kWh/m3



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

Process
Operating Energy 

Consumption 
(Kwh/m3)

Customer Energy 
Savings 

2005-2015
(Barrels of Oil-eq)

Multi Stage Flash (MSF) 13.5 - 25.5 242 million

Multi Effect Distillation (MED) 6.5 – 11 82 million

Reverse Osmosis 3 - 3.5
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RO Cartridge Benefit
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Chemical Industry Snapshot



Chemicals and Energy

35



What Unhealthy Looks Like

Healthy

Unhealthy





Chemical Industry Health
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Healthy

Unhealthy

IHS Global Insight, “The Economic and Employment Contributions of Shale Gas in the US”, prepared for America’s Natural Gas Alliance, December 2011.



US Trend

U.S. trend is toward 
lighter gas cracking 
and it is an old trend



Ethane Price Now Tracks Gas
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Impact of Low Gas Prices

Owen Kean and T.K. Swift, American Chemistry Council, "Industry-Transforming Natural Gas into 
Products", National Academy Forum on Unconventional Gas, 11 September 2012.
Ethanol and Sugar from 10 Jan 2013 prices sugar is average of monthly close for 2011; EtOH is 
average of daily close for 2011.



Live Long and Prosper



Economic Impact of Shale Gas
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Unapologetically 
Polyethylene
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• improving our production methods
• making improved materials
• replacing materials with larger 
footprints

• creating advantages in use



The Evolution of Polyethylene

Page 45

mPE
“Single Site” catalysts (1990’s)
• Ethylene/a-olefin polymerization
• Molecular catalysts
• Kinetics the same for each   

catalytic site

Homogeneous Polymers:
• Narrow molecular weight distribution
• Narrow comonomer distribution
• New monomer combinations
• Long chain branching

LDPE Radical mechanism (1933)
• Ethylene only polymerization
• Very high temperature & pressure
• Complicated kinetics

Highly Branched:
• Excellent flow properties
• Fast extrusion rates
• Poor mechanical properties

LLDPE Coordination catalysis (1950’s)
• Ethylene/a-olefin polymerization
• Low Temperature & Pressure
• Ti, Cr catalysts
• Multiple catalytic sites

Linear Backbone:
• PE homopolymer: crystalline
• Copolymers:  flexible and tough
• Blend of polymers produced



Counter-intuitive Catalysis Improves Process

Increasing Thermal Stability and Efficiency

Polyethylene: Higher Efficiency and Plant 
Throughput Through Improved Catalyst Design 
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Stand-up pouch packaging reduces waste                   
and brings energy savings

Package 
Type

Contents

Impact per 100 oz Cereal

Landfill 
Discard

s* (g)

Process 
GHG** 

(kg CO2

Eq)

Total 
Energy** 

(MJ)

Paperboard 
and 
HDPE Liner

11 oz 380.0 .861 12.1

Stand-Up 
Pouch 12 oz 117.5 .265 9.25

Reduction vs Box

Landfill Discards 68%

GHG 69%

Energy 23%
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Flexible Packaging Examples
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Flexible packaging helps 
increase shelf life

Using only a 
few grams 
of flexible 
plastic 
packaging 
extends the 
shelf life of a 
cucumber by 
more than 
three times.

Source: Incpen 49



Food Packaging 
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Modern agriculture is the use of land to convert petroleum 
into food.

Al Bartlett

40 kWh/kg
~22% wasted

Pimentel and Pimentel, 2003

FAO, 2012
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Midland Daily News
1 January 2012

Demand for Bioproducts?

Delta Airlines Napkin
April 2012



Green Chemistry Principles



Use of Renewable Feedstocks: A 
raw material or feedstock should 

be renewable rather than 
depleting whenever technically 

and economically feasible.

Green Chemistry Principles



Cane to Polyethylene
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Ethanol Ethylene

Fully-integrated facility in Brazil
Utilizes state-of-the-art Dow 
polymerization catalysis



Ethanol in 2008
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Ethanol Now
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Two Carbon Flavors



Per Capita Energy Use
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What Impact?
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material

per capita
consumption (lb/yr)

PET 
packaging

17

petroleum 6619

natural gas 8037

coal 6439

gasoline 2495

sand and 
gravel

13923

cement 512

iron ore 340

salt 403

beef 54.3

chicken 55.7

OO

O

O

O

O

O

O

PET

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

30%

100% renewable 
PET (not yet 

available) would 
required ~80 2 L 
bottles to offset 

burning 1 gallon of 
gasoline or about 

400 at today’s 30%



PET Comparison
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Go After the 21,000 lbs
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The End

Questions?


