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B \\/hich Is environmentally better?

A meat-eater i a Priug

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.
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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?


Presenter
Presentation Notes
Windfall maple?  Ancient Kauri buried in a bog for 50,000 years?
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Bl \We Are Poor Judges of the Energy We Use
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Presentation Notes
I have conjectured that we, as a society, don’t understand energy very well.  Thanks to a very interesting paper in the Proceedings of the National Academy of Science, I have the data to prove my conjecture is correct.

Plotted here are the actual energy requirements of everyday things versus the perception of survey participants concerning how much energy the devices consume.  They range from the low power compact fluorescent bulb to energy hogs like air conditioning.   When I first looked at this plot, I thought it wasn’t so bad.  Upon reflection, this absolutely backs up my point that we just don’t understand energy.  We just don’t get it.

This plot is on a log log scale and most folks don’t think in log space.  Let’s look at the data plotted linearly.  But before we leave the slide, lets look at what is plotted.  From left to right, lowest power consumer to highest consumer, we have compact fluorescent bulbs, computers, both laptop and desktop, room air conditioning, dishwasher, clothes dryer and central air.  These are the red points.  I also have points that represent energy savings for going to lower wattage bulbs or CFLs, summer and winter thermostats, drying your clothes on a line rather thatn with a clothes dryer, and changing your clothes washers settings to use cold water.

Perceptions that match the realtiy would fall on the diagonal line.  The greyish curve is the fit to all of the perceptions as a function of the correct, actual value.



S
Bl Same Data — Linear Plot
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Presentation Notes
These are the same data, now plotted linearly.  The diagonal line is the same diagonal line as in the last plot and, if the perceptions were correct, they’d fall on that line.  The curve that I had on the last plot is on this one too.

What jumps out immediately is that the perceptions – the guesses, really – are horrible.  Rather than being distributed around the true values, they are grossly underestimated.  The fit is almost flat.  So how bad are these?
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Presenter
Presentation Notes
This is really horrendous.  Based on the data, the approximate value for the amount that an average persons perception – their guess – on how much power devices us is the value of the actual power consumed.  We don’t miss by a little bit, we are way off.  We guess that a whole house air conditioner uses about as much energy as a couple, actually less than a couple of light bulbs.   In reality is is about the same as almost 70 given the way it was worded in the survey.  

Notes:  Consumers Energy estimates cooling for a 1100-2000 sq ft house at 1460 kWh/month with a 6 month cooling season.  A 60 W bulb for 4 hours per day is 7.4 kWh/month.  Over the year, 100 bulbs would equal the heat pump.

I think this proves my earlier conjecture.  We simply don’t understand energy.
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Bl Same Data — Absolute Error
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This is really horrendous.  Based on the data, the approximate value for the amount that an average persons perception – their guess – on how much power devices us is the value of the actual power consumed.
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Bl | ighting Comparison
Power Cost ($/lifetime of CFL)
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Presentation Notes
constants power  0.109 $/kWh 
use 3 hours/day 
1095 operational hours / yr 
3412 BTU/kWh 
1.341 lb CO2/kWh 
incan CFL 
W 60 14 
lifetime 750 8000 
cost 0.6 3.4 $/bulb 
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Bl Cellulosic Biofuels: Key Issues

« How much biomass is available?
not enough to replace fossil fuels

e How much will the biomass cost?
It is not cheap!

 How much will biofuels cost? more than
fossil

e How much more are we willing to pay?
no premium
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B Fnergy Sources Always Change
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Bl Biomass Cost
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Bl Fnergy Happens at Large Scale

Yearly Flux (kta)
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ll Scale

Scale reduces
the cost of
production
when
materials are
consumed or
produced.
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Bl Scale is Important — An Example

Make a cup
with an 8%%”

‘ sqguare and
another with a
4Y4" square
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Bl Scale is Important — An Example




Bl Description of the Geometry

MIPh

Technical lllustrations

Illustrations by Mark Jones

Technology Related

The Importance of Scale pdf Demonstration Layout pdf

D Dow
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Bl Biofuels Are Like a Jetpack

ENERGY
DENSITY

PRACTICAL
APPLICATION




Bl Pivot to Biomaterials

Biomass Fuels Program

Reduce
Petroleum

Energy
Security

Job
Creation

Biomaterials Program

Improve the
i 1 Environment
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Bl Changing Emphasis

Biomass 2011: Replace the Whole Barrel,

Supply the Whole Market
The New Horizons of Bioenergy

@ Diesel

July 26-27, 2011 @ Other Distillates

 Jet Fuel
L% UUUD s Other Products
U.S. DEPARTMENT OF ENERGY Heavy Fuel Oil (Residual)
BIOMASS © - |

Liquified Petroleum
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“sugar Is the new crude”
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B \\/hat Unhealthy Looks Like

Healthy

Unhealthy
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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.  
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Presentation Notes
The flatlining of the industry looked like this.  As energy prices rose, we went from being a net exporter to being a net importer.  

Just like on the last slide, technology has provided the jolt to restart the industry.  That technology is directional drilling for shale gas.

Let me calibrate this for you a bit.  The values in the top are the yearly average natural gas prices.  The yellow line shows that we’ve had two peaks over the last decade where gas topped a  yearly average price of $9/MM BTU.  The highest daily closes were over $13/MM BTU.  

Our highest average oil price for a year was just at $100/BBL with daily closing prices going to over $140/BBL.
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Impact of Low Gas Prices
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Presentation Notes
dashed lines are just for comparison with biological sources, since these are getting ever more press these days as way to produce chemicals.  The calculations are freshman chemistry versions only.  That is, if I could do the reaction shown with 100% selectivity and no process losses, what would the cash cost for the ethylene be starting with either #11 raw sugar or ethanol, both world traded commodities.  

Sugar futures are at 19 cents and this means that the sugar cost alone, with no capital is 61 cents per pound to make ethylene.  Starting from ethanol at $2.26 per gallon, the current US selling price, the cash cost alone are 56 cents per pound to make ethylene.  Again, NO capital, just stoichiometry.

The plot is of all in production cost, so I’m doing an apples to oranges comparison to make the point that the commodity bio feedstocks don’t even enter into this discussion since purchase of the biological feedstocks exceed the all-in production cost for olefins today.

(people talk of cellulosic sugars at the 14-16 cents / lb range.  This is still 45 cents worth of raw materials, still above current production costs).
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US Trend
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Presentation Notes
These are data for the US.  We have been moving to lighter feedstocks for a while.  The price of the steam cracker complex increases with increasing molecular weight of the feeds.  This is due both to an ethane only cracker being more selective and due to reduced purification capital.  Both conspire to make ethane-only the choice if you have cost effective ethane and desire only ethylene.  

As the feed slate has move lighter, it has upset the world order.  When I started in the industry, ethylene was more valuable than propylene which was, in turn, more valuable that butadiene which was more valuable than C5s which were more valuable than C6s.  The more rapid growth in propylene-based products and the move to lighter feedstocks reducing the availability of propylene has resulted in ethylene and propylene being nearly at parity.  Buta has gone crazy and is now more expensive on a BTU basis than the other materials.  Benzene prices have also been volatile.  As we continue to lighten the feedstocks, we’ll be short some materials and the market will drive the price up.

There has been a recent uptick in interest in butadiene from the bio folks.  They have now fixated on making buta due to its currently high price.
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Bl Global Commodity Production
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Bl Scale Falls Quickly
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Bl [nteresting Correlation
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Bl Scale Matters!
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Bl \ost Common Version

100 =
- ) glyphosate
10—=
—_ = U.S. EtOH
E B market
— -
B l
~—1.0=
"ﬁ =
e — =-——— FIOH commodity
- chemicals
O
7 inarganic
ot
0.1 _= SO a5
- 100 MM
_ gal EtOH Szmant, 1989
0.01—| LA ) L 1 A 1 o AR R ML)

109 108 107 108 10° 1010 101 1012
U.S. Production (Ib)



)

Bl Green Chemistry Principles
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Presenter
Presentation Notes
Thinking back to the Pantene ad for a second, I will refer to the guiding 12 principles of green chemistry.

In particular, I want to focus on number 7.  It is one that I have some quarrel with.  It suggests that renewable feedstocks should be used instead of depleting.

I am not sure that this is a blanket statement that I agree with and I’m going to show you why.
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Bl Two Carbon Flavors
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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!



Bl Demand for Bioproducts?
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Bl Plant Bottles

plantbo’r’rle"“

>

“At full capacity, it is estimated the facility will
produce 500,000 metric tons of material per
year. By using plant-based materials instead
of non-renewable materials, the facility will
remove the equivalent of 690,000 metric tons
of carbon dioxide or the equivalent of
consuming more than 1.5 million barrels of oll
each year.” Coca-Cola, 27 Sept 2012

US consumption is 19
million barrels per DAY.
World, 90 million.
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burning 1 gallon of salt 403
pa oe| gasoline or about beef 54.3
- 400 at today’s 30% chicken -

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



Presenter
Presentation Notes
The hype around green bottles just doesn’t match the reality.  The personal average gasoline consumption means that you emit around 7900 lbs of CO2.  A pure plant bottle would consume about 39 pounds.  The plant bottles available today only about 13 pounds.  

That’s about 0.2 %.  

All of the napkins, all of the ads, for less than a percent of what is still only a fraction of everyone of your personal footprints.


http://ad.doubleclick.net/imp;v7;j;262522719;0-0;0;17652487;0/0;50548025/50521028/1;;~aopt=2/1/ca/0;~okv=;at=daily;pageid=9450672;pos=wel;dcopt=ist;tile=11;kw=atlanta;page=9450672;vs=manufacturing;co=3209829;sz=1x1;bsg=1418586;bsg=1438866;bsg=1433466;;~cs=a?http:/s0.2mdn.net/2916436/Deloitte_ROS_Sept2012_v1.htm?t=10&cT=http://ad.doubleclick.net/click;h=v8/3d0c/2/0/*/a;262522719;0-0;0;17652487;255-0/0;50548025/50521028/1;;~aopt=2/1/ca/0;~sscs=?&l=http://www.bizjournals.com/atlanta/news/2012/09/27/coca-cola-jbf-team-on-plantbottle.html?s=image_gallery�
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LCA of Polymers

Biopolymers rank in the middle of LCA rankings

POLYMER Material

Polylactic Acid — NatureWorks Sugar/cornstarch 1 6
Polyhydroxyalkanoate-Stover Cornstalks 2 4
Polyhydroxyalkanoate-General Corn kernels 2 8
Polylactic Acid-General Sugar/cornstarch 4 9
HD Polyethylene Petroleum 5 2
PET Petroleum 6 10
LD Polyethylene Petroleum 7 3
Bio-PET Petroleum /plants 8 12
Polypropylene Fossil fuels 9 1
General Purpose Polystyrene Petroleum 10

PVC Chlorine/petroleum 11

Polycarbonate Petroleum 12 11

T

Tabone, MD; Cregg, JJ; Beckman, EJ; Landis, AE. Environ. Sci. Technol. 2010, 44, 8264-9.



Presenter
Presentation Notes
While biopolymers rank highly in terms of green design, they exhibit relatively large environmental impacts from
production. Biopolymers rank 1, 2, 3, and 4 based on green design metrics; however they rank in the middle of the LCA
rankings. Polyolefins rank 1, 2, and 3 in the LCA rankings, whereas complex polymers, such as PET, PVC, and PC place at the bottom of both ranking systems.

Study used the 12 Principles of green Chemistry and 12 Principles of Green Engineering
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Biopolymers rank in the middle of LCA rankings

POLYMER Material
Polypropylene Fossil fuels 9 1
HD Polyethylene Petroleum 5 2
LD Polyethylene Petroleum 7 3
Polyhydroxyalkanoate-Stover Cornstalks 2 4
General Purpose Polystyrene 10 5
Polylactic Acid — NatureWorks Sugar/cornstarch 1 6
PVC Chlorine/petroleum 11 7
Polyhydroxyalkanoate-General Corn kernels 2 8
Polylactic Acid-General Sugar/cornstarch 9
PET Petroleum 6 10
Polycarbonate Petroleum 12 11
Bio-PET Petroleum /plants 8 12
>

Tabone, MD; Cregg, JJ; Beckman, EJ; Landis, AE. Environ. Sci. Technol. 2010, 44, 8264-9.
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rankings. Polyolefins rank 1, 2, and 3 in the LCA rankings, whereas complex polymers, such as PET, PVC, and PC place at the bottom of both ranking systems.

Study used the 12 Principles of green Chemistry and 12 Principles of Green Engineering
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Bl \\/hich Is Better for the Environment?

A polypropylene fersey

A polyester track surt
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ggs Index

How Fabrics Stack Up

A look at how the Higg Index compares the environmental impact of materials used in apparel and footwear. The higher the score,
the more sustainable the material. See fuller scores and rankings of more than 40 common materials at WSJ.com/LifeStyle.

Polypropylene 361 A byproduct of oil refining and natural-gas processing, this material—often used in long underwear—uses little land,
water or energy and produces little waste. Low use of carcinogens, endocrine disruptors or other toxic chemicals.

Silk fabric 307 Chemically clean and leaving little waste, it scores high for sustainability, though its production does emit a high level of
greenhouse gases.

Leather (corn-fed) 215 There is very little waste in its production compared with other materials, so it has a higher overall score than many
materials, even though it ranks lower on land use; cows require large amounts of feed (which in turn requires pesticides
and fertilizer) and pasture land. Animal-welfare issues aren’t considered in the score.

Cotton 268 Takes a hit for heavy use of land and water, as well as bleaches and other chemicals used in processing, which putsitina
middling ranking for sustainability, despite its green reputation.

Wool 193 Because it requires both ample land to produce and toxic, energy-intensive chemical processing (to turn the scratchy

fibers soft enough for modern sensibilities), wool scores low for sustainability.

Bamboo rayon-viscose 189
fabric

Often billed as green by manufacturers, this material scores miserably because of the heavy processing, high waste, and
energy use required to turn bamboointo a fabric.

Photo Researchers Inc. (sheep, refinery); Alamy (cattie); Nike (shirt); Getty Images (3)
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Bl Signs of Hope




Bl Conclusions

* You now can MacGyver a measuring cup if you ever need to.
(Hopefully this has given you and appreciation of the importance of
scale)

 Too much hype for the possible and not enough focus on the
practical in biofuels and clean tech
* Incumbent fossil sources set the standard for competition
e Scale wins and biomass availability limits biofuels scale

 The promise of bioproducts is not the same as biofuels.

 Fundamental engineering judgment is crucial to long term innovation
and must lead the discussion about our energy future.

Facts are the air of scientists. Without them you can never fly.

- Linus Pauling




Bl Call to Scientists and Engineers

Too much hype for the
possible and not enough
focus on the practical.

We are letting society
down!




B \\/hich Is environmentally better?

A meat-eater i a Priug

A vegan in a Hummer

FPriug ¢ a brt better
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Bl Food and Energy are Connected
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Christopher M. Jones and Daniel M. Kammen; “Quantifying Carbon Footprint Reduction Opportunities for U.S. Households and
Communities”, Environ. Sci. Technol., 2011, 45 (9), pp 4088-4095; DOI: 10.1021/es102221h
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Recognizing Fads

— The art of being wise is the art of knowing what to overlook - william James
Hydrogen Car || Corn Ethanol Biodiesel Cellulosic Ethanol Algae
=] “.--Using [| “Biofuels are “...the need for trucks, “...microalgae can be
land to contributing to higher maclrgnery ar(]jd manpower raised on cheap, sun-
row rices and tighter would come during i
?uel Enarkets " : harvest, already the Splas_hed land that is
leads to : busiest time of the year on unsuitable for S
Timothy Searchinger, the farm. And that's where much or anything eise.
th imothy hing he f dth h h of th Ise.”
€ Princeton University a massive federal initiative
"We asked ourselves, 'ls .destrfuct April 2011 into cellulosic ethanol may Paul Voosen, New York
it likely in the next 10 or 1on o find its biggest bottleneck .
15, 20 years that we will wetlands and fOI‘eStS, —on the farm.” T|meS, 29 March 2011.
convert to a hydrogen grasslands that store Robert Rapier
car economy?' The enormous amounts of
answer, we felt, was 'no,"” carbon.”

Steve Chu, Energy Michael Grunwald,

Secretary, May 2009 TIME
April 2007

Bio Plastics

THE WALL STREET JOURNAL.

to Lose Its Crunch”

Glycerin to Epi

Dow postponed in 2009 due
to uncertain supply +

ADM-Metabolix

ADM has given
notice of termination

; . . of the Telles, LLC
but discontinued Natural Oil POIyOIS joint venture for PHA
by late 2010, due

to performance RENU A bioplastics

with Cargill in 1997 to
develop and market PLA
from corn, exited the JV
in 2004.

g
launched in 2009

@ NatureWorks perception issues _
o~ Dow Launched in 2007, M 1_ b I i
- Cargill Photo: Associated Press exited in 2010. <> €1ADOIIX

<> =


http://www.cargill.com/�

Bl \\Vhich Uses Less Total Energy To Go A Mile? (option 3)
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Bl \\Vhich Uses Less Total Energy To Go A Mile? (option 3)
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Bl [|ectrification Beats Biofuels
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Bl [|ectrification Beats Biofuels

Vehicle Cost
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Thermodynamic Entitlement
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Presenter
Presentation Notes
when talking about fuels, you have to ask about the energy return on the energy invested in getting the fuel 

Once again, shale gas is against trend.  As we’ve gone to deepwater and tar sands, the EROI has been dropping.  In the case of tar sands, this author places them below the sustainable level.  Biofuels in the US are similarly troubled.  Shale gas is estimated between 50 and 70.  Better than the conventional gas we’ve been driling recently.  Not yet to oil in the 1930’s but still in the right direction.
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