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Presenter
Presentation Notes
Sustainability is a question of time, integrating knowledge of production, use and end-of-life.  Far too often, hype has surpassed reality, boundary conditions have been neglected and actions taken that don’t truly lead to a sustainable future.  Singular focus on attributes like renewable content or biodegradability gives the wrong answer.  Quality engineering forms the foundation for any meaningful discussion of sustainability, providing insights into energy and material flows, energy return, and thermodynamic constraints.  The chemical industry is increasing resource and energy efficiency through innovation in both products and processes.  Our mastery of materials science enables unique energy producing and energy saving products, products that improve sustainability by being significantly better than the next best alternatives during use.



I Waste Time and Money At Home 

2 



I Waste Time and Money At Home 

3 



I Waste Time and Money At Home 

4 



I Waste Time and Money At Home 

5 



I Waste Time and Money At Home 

6 



I Waste Time and Money At Home 

7 



I Waste Time and Money At Home 
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I Save Time by Using Fossil Fuels 
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Presenter
Presentation Notes
Min wage is $7.5…$23,6000/MM BTU..$10=$32,600 / MM BTU.
P&G and Dow CEOs both net about $2MM.  This is $0.52/ BTU …$562,000 /MM BTU



I Repair Things 
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I Waste Time and Money At Home 
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I Waste Time and Money At Home 

13 



I Waste Time and Money At Home 
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I Waste Time and Money At Home 
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Return Shareholder Value 

I can’t waste money 
and time at work 



Which is more sustainable? 

plastic 
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paper 

Presenter
Presentation Notes
Most LCAs show plastic to be better assuming correct disposal.  



Which is better? 
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streaming 

physical  media 

Presenter
Presentation Notes
2011 U Mass report concludes that it depends on how the data center is operated.  



Which is more sustainable? 

8 hours 
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1 mile 

Presenter
Presentation Notes
A 60 W bulb for 10 hours and a 25 mpg car driven 1 mile have the same emissions assuming DOE 24 lb CO2/gal and 1.58 lb per kWh.  The light left on all day is less than the car driven a mile.



Which is more sustainable? 

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

Presenter
Presentation Notes
Michael Pollan said that “a vegan in a Hummer has a lighter carbon footprint than a beef eater in a Prius.” Highly tweetable, yes, but not true, says Adam Pasick of Reuters. Pasick cites a 2005 paper that “found that the difference between a heavy meat-eating diet and a vegan diet was about 2 tons of carbon dioxide equivalent per person per year. The difference between a Prius and an SUV (they used a Suburban, which gets about the same mileage as a Hummer) was 4.76 tons per year.” However, Pasick admits that when you factor in improvements in gas mileage that have occurred since 2005, the difference between a Prius and Hummer driver is 2.6 to 3.3 tons per year — which isn’t that far from the two-ton difference between a heavy meat eater and a vegan. Pollan now says he doesn’t feel comfortable defending his statement, but that he stands by the gist of it.



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 
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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. 

Presenter
Presentation Notes
Windfall maple?  Ancient Kauri buried in a bog for 50,000 years?



Life Cycle Assessment 
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Signs of Hope 
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®™Trademark of The Dow Chemical Company (“Dow”) or an affiliated company of Dow 30 

Presenter
Presentation Notes
4 trends: ag, consumerism and lifestyle, energy, transportation and infrastructure.



Chemical Industry Snapshot 



What Unhealthy Looks Like 

Healthy 

Unhealthy 

Presenter
Presentation Notes
We know when the sinus rhythm turns to a flat line, it is a bad thing.  We are also part of the generation that knows about defibrillators.  Popular media have shown that when the patient flatlines, they are shocked back to life.  

The chemical industry in the middle of the last decade was pretty much flat-lined.  



Recent Industry History 
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Presenter
Presentation Notes
By the middle of the last decade, the US chemical industry was pretty much left for dead.  Plenty of articles indicated that there would never be investment in the US again.  The ammonia and methanol industries had all but shut down.  Plants were packed up and shipped to locations where natural gas remained abundant.   LNG importation terminals were being built.  We were going to import natural gas into the US>



Recent Industry History 
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Live Long and Prosper 

Presenter
Presentation Notes
Fast forward 4 short years and there is euphoria in the industry.  Live long and prosper has now replaced the gloomy projections.
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Ethane Price Now Tracks Gas 
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Presenter
Presentation Notes
The increase in the absolute amount of natural gas liquids available drives prices down.  

In the past, ethane pricing followed oil price.  Most recently, it has begun to follow natural gas price.  Recent data indicate it is at BTU parity with natural gas.  Since the BTU content reduces as molecular weight increases, this means that the cost of the carbon in ethane has been below that for methane.




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. 

Presenter
Presentation Notes
This plot drives home the point about ethanol and talks about the health of the US industry.  These curves show the cost for ethylene production as a function of the cumulative production.  Ethylene is the major building block of the industry.

In 2005, the blue curve, the US had some of the most expensive ethylene in the world – we were on the right side of the supply curve.

Fast forward to 2011 – the last data I have available – and you see that the US has moved to the lowest cost position, by a lot.

This allows us to return to a point of some complacency.  The industry has returned to the favorable economics that got it started, using exactly the same technology.  As we strive to maximize the value that we create, I predict that the industry will explore a number of options. 




Economic Impact of Shale Gas 
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Presenter
Presentation Notes
The economic impact has created the euphoria.  These are American Chemistry Council figures.


97 new projects.  $72 billion in investment.  310 thousand jobs.  $201 billlon in new economic output and $14 billion in new tax revenue.



Cane to Polyethylene 
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Ethanol Ethylene 

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



Chemicals and Energy 
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Financial Way of Looking At Benefit 
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Presenter
Presentation Notes
In business, we spend a lot of time looking at time evolution.  Here I’ve shown the way an MBA would look at a sustainability choice we’ve all faced, and one we’ll face again as LED bulbs become more prevalent.  It is a classic case of spending more to save in the long term.  I’ve simply looked at replacing a 60 W incandescent bulb with a  14 W compact fluorescent.  I’ve assumed a $8 cost for the CFL and only 50 cents for the conventional bulb.  In the case of cash flows, we discount money to reflect the risk.  To spend more today, you want to be certain that your return will be above a no risk option.    In this analysis, you dig a hole and the future cash flows fill in that hole and then continue to pay dividends.  In this case, I simply went out to the expected life of the bulb.  Operated for 2 hours a day, that is 16 years.  The $8 investment will deliver $40 of value over its lifetime.



Why Not Sustainability? 
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Presenter
Presentation Notes
If I look at the energy, I don’t have a reason to apply a discount factor.  In this case, you dig a hole in making the bulb.  That is reported to be less than 2 kWh versus a couple of hundred watt-hours for a conventional bulb.  Each year of operation saves about 30 kWh.  Over the life of the bulb, over 500 kilowatt-hours is saved.  This is the energy benefit of that is provided by the technology.

If we look only at the bulb, we’d conclude that we shouldn’t do it.  It requires a lot  more energy to make a CFL.  Since energy is highly correlated with energy use, the environmental footprint would be worse for the CFL is we only look at the production.

In the chemical industry, we focus intensely on the production and making it energy efficient.  What we don’t focus on enough is what happens in use.  We also don’t get the credit for what happens in use.  Just as in the case of the CFL, a sole focus on the expenditure of resouces while ignoring the long term benefit gets you to the wrong answer.



Misconceptions Demean Advances  
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Fresh Water Production 
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Simple Distillation ~600 kWh/m3 

Presenter
Presentation Notes
As easy access to fresh water reserves reduces availability of water, one option is to simply use distillation to provide clean water.  Techniques have been implemented to keep the energy requirement well below the over 600 kWh per cubic meter required to boil water.  Current RO efficiency in practice is less than 2 kWh per cubic meter.  The plot shows how far we’ve come since 1970, but also shows how close we are to the theoretical limit in a typical RO unit.  

The line at 1.1 kWh per cubic meter is above the minimum 2nd law energy of 0.78 kWh per cubic meter.  That would be the result of the purely second law separation, ignoring the geometry of the RO module.

*******
heating water to boiling from 25C is the basis for the over 600 kWh/cubic meter number.  The heat of vaporization is 2256 kJ/kg and there are 3600 kJ in a kWh.  Specific heat is around 4 kJ/kg-C.  

Heat of vaporization alone is 0.6 kWh/L or 600 kWh/cubic meter. 



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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54.5 mpg 



Carbon Fiber Benefit 

52 

Based on T. Suzuki and J. Takahashi, ''LCA of Lightweight Vehicles by Using CFRP for Mass-produced Vehicles'', 
Proceedings of 15th International Conference on Composite Materials (ICCM-15), (2005-6), pp.1-4.   
Assumes 23.8 mpg and 13,476 miles driven (2013 average US passenger car) and 36.1% weight reduction fit to Ricardo 
lightweighting study. 

Presenter
Presentation Notes
Benefit for 36.1% weight reduction relative to steel car.



Importance of Recycle 
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Suzuki, Tetsuya, and Jun Takahashi. "Prediction of energy intensity of carbon fiber reinforced plastics for 
mass-produced passenger cars." In Proceedings of 9th Japan International SAMPE Symposium, pp. 14-
19. 2005. 



Packaging Addresses Global Challenges 

54 

30-40% food 
grown is wasted. 
Much of it to 
spoilage. 



Food Waste 
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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 56 

Presenter
Presentation Notes
Flexible plastic packaging helps reduce in-store waste by more than two percent by increasing the shelf life of products. For example; a plastic shrink wrap package can extend the shelf life of a cucumber from 3 days to 14 days or more at the grocery store.




High-Tech Packaging Growth 
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LCA Studies on Packaging 
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Presenter
Presentation Notes
Substituting a variety of plastics packaging** with non-plastics alter-natives would increase the amount of packaging generated annually in the U.S. by 55 million tons.  This means that plastics help to significantlyreduce packaging weight, which results in more product shipped with less packaging, fewer trucks on the road, less energy used, less greenhouse gas emissions and less material to recover or recycle

Plastic packaging’s environmental performance continues to improve with increased recycling and recovery.  Over 5 billion pounds of plastics were recycled in the United States in 2012. And beyond recycling, innovative technologies are being developed to recover non-recycled plastics by converting them into energy, engineered fuels, and ingredients for new products.




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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Presenter
Presentation Notes
Calculations based on:
System boundary: Raw Material Cradle-to-Gate, plus recycle
*Discards = package mass – recycle stream
Cereal box assumptions
― 100% recycled content
― 30% recovered to recycle stream †
**Lifecycle inventory data sources: 
― Paper: Environmental Defense- 
	www.papercalculator.org
― EVA: The Dow Chemical Company
― Other Plastics: Boustead Model V5
†From The ULS Report, February 2007





Beverage Packaging 
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Beverage 
Packaging 
 
 

Product 
Weight 
 
 

Package 
Weight 
 
 

Product/ 
Packaging 
Ratio 
 

Pkg.  
Weight  
per 
100g 
Product 

MSW 
Landfill 
per 100g 
product 

Energy 
Consumption  
MJ/8 oz 

Emissions 
Kg CO2e/     
8 oz 

Glass Bottle and 
Metal Cap 

8 ounces 
(236 g) 198.4g 1:1 83.9 g 54.5 g 3.36 0.29 

Plastic PET Bottle and 
Cap 

12 ounces 
(340 g) 22.7 g 10:1 9.6 g 6.0 g 3.00 0.18 

Aluminum Can 8 ounces 
(236 g) 11.3 g 21:1 4.7 g 2.4 g .99 0.08 

Stand-up Flexible 
Pouch 

24 ounces 
(680 g) 5.7 g 35:1 2.8 g 2.8 g .45 0.02 

• The flexible beverage pouch: 
• Consumes ½ the energy of the closest alternative 
• Generates 75% less emissions than the closest alternative 
• Significantly reduces greenhouse gases released and energy                        

consumed in transport of unfilled packages from converter to filling operation 



Flexible Packaging Examples 
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Presenter
Presentation Notes
The innovative YES Pack was recognized for the flexible nature of its packaging which allows operators to easily extract up to 99% of the dressing inside, putting more dressings on salads and less waste in landfills. There is also a significant cost savings in discarded material as the YES Pack takes up 86% less dumpster space than rigid gallon jugs. The KRAFT YES Pack can be recycled, but if thrown away its waste takes up 50% less landfill space. Compared with the typical rigid gallon dressing jug, in production the YES Pack is made with:
• 50% less energy
• 60% less plastic
• 70% fewer CO2 emissions from transportation
99% product yield

The LCA conducted at RMIT's Centre for Design evaluated and compared the potential environmental impact of two packaging formats – the 100g NESCAFÉ Gold coffee glass jar (and polymer lid) and a 90g SMART Pack laminate pouch.
The assessment found the SMART Pack used 73 per cent less non-renewable energy, 66 per cent less water and emitted 75 per cent less CO2 equivalents over its entire life cycle than the glass jar (for a delivered quantity of 100g of coffee).





Packaging Satisfaction 

% who say packaging is important to overall product satisfaction 
Mead-Westvaco study reported in PlasticsNews, Feb 2014. 



Embodied Fossil Energy 





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 

Presenter
Presentation Notes
I have pulled data for chicken as being in the middle ground for the discussion of food waste.  Beef is 10 to 13 times bigger, grains and vegetables well less.  It is commonly quoted as 10 kcals of fossil enegy are required for each kcal that ends up in a shopping cart.  What is getting more press lately is the observation that somewhere between 30 and 40% of all food is wasted.  Packaging, and especially plastic packaging, is one of the keys to addressing this waste.  

Packaging of highly perishable food like meat can have amazing results.  Shelf lives can be extended from 2-3 days to 14-16 days.  This is on top of the safety and contamination reduction benefits plastics address.  It is in addition to the weight reduction and the fuel reduction is brings compared to other options.  In many cases grams of flexible film protect kilos of perishable food.  [2 grams of film protect 2 kg chicken].

What is unclear at this point is how to track and quantify this benefit of the avoided waste.  It is not obvious how the benefits of longer shelf life impact the total energy life cycle and how to apportion these benefits.  Packaging, and especially packaging for very perishible foods has a very short life.  This makes it very different from the cases I’ve shown previously.  
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Midland Daily News 
1 January 2012 

Demand for Bioproducts? 

Delta Airlines Napkin 
April 2012 



Per Capita Energy Use 
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Presenter
Presentation Notes
Lego announced they are looking for new resin to replace the 57,000 tons per year of ABS that are used to make Lego.  Out of 8.6 million tons per year of ABS made.


Each kit of 100 pcs is equivalent to between .1 and .2 gallons of gasoline.  That’s like 5 Prius miles.



Two Carbon Flavors 

Presenter
Presentation Notes
When we make chemical products, we have two kinds of carbon that must be considered.  Our products are predominantly carbon-based, so we have the carbons that represent the feed that end up in the products we sell.  Those would be the carbons that end up in the shampoo bottle or other good made with our products.  

There are also carbons that we used to provide heat in the manufacturing of the product that we ultimately sold.  Those carbons are burned and released to the air as CO2.

Typically we do the lower left:  fossil carbons in the product we sell and fossil carbons burned to make it.  

In Brazil we’ll do the upper right.  Renewable carbons in the product, renewable carbons burned for fuel.

Most of the renewable processes we see are in the bottom right.  Renewable carbons in the product with fossil carbons burned for fuel.  This creates a problem.  You see, sometimes the amount of fuel needed when using the renewable feedstock is significantly greater than when we start with our traditional feedstocks.  Let me say that again.  In many cases the amount of emissions in the manufacture are greater when renewable content is provided than when the traditional fossil routes are used.

This is another one of those times when scientist and engineers have to speak up and point out that widely held beliefs may be in error.  You actually have carefully compare!
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The End 

Questions? 
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