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Partnerships: Industrial Cooperators
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CBOT Ethanol Crush Spread

March 23, 2005 - present
[CBOT Nearby Ethanol - CBOT Nearby Comn]
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o CBOT Ethanol Crush Spread

March 23, 2005 - present
[CBOT Nearby Ethanol - CBOT Nearby Corn]

925 Ethanol price volatility
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Corn-to-Ethanol: U.S trends

Ethanol production is at 5-6
billion gals/yr

~2% of transportation fuel
Ethanol uses ~20% of US corn

Most ethanol is not produced
near refineries

It Is not widely produced in the
most populated states.
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The Biomass-Based Biorefinery

Starch =
Fermentable
sugars
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The Biorefinery & Sugar is key!
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Poly(lactic acid) & PLA: Cargill
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Fully developed by ICI, Zeneca, &
Monsanto

Of recent interest to Metabolix, P & G
(NODAX), and Brazilian Producers
B L
PHA costs (?!?)
= Slow bacterial growth
= Difficult microbial separation



PHASs: BioPolyester Property Space

@ thermoplastics
@ hot melt adhesives
@ coatings

@ pressure sensitive adhesives
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PHAs: Polymer Diversity

Waste oils < I.e.
Alaskan Fish Waste &
Cheap carbon source
for PHA production




April 23, 2007

Metabolix and ADM bioplastic

fantastic -- plant will have an initial annual
capacity of 50,000 tons per year




June 21, 2007

Braskem Has the First Certified Green
Polyethylene in the World

Company is evaluating a project for commercial
production of this plastic in 2009

July 19, 2007

Dow and Crystalsev to make polyethylene
from sugar cane in Brazil




ROQUETTE ISOSORBIDE

« Molecular Structure »

« Characteristics »

The main chemical and physical properties of crystalline isosorbide are listed below.

CAS MNo 652-67-5

Molecular formula CegHq 1004 (Mw=146.14)

Appearance White crystalline powder, very hygroscopic

Melting point 51-64°C

Boiling point 160°C (10 mm Hg)

Flash point = 150°C

Solubility Soluble in water, alcohols, dioxane, ketones
Almost insoluble in hydrocarbons, esters,
ethers

Isosorbide content Min. 99 %

Isomannide content Max. 0.5 %

Water content Max. 1 %

Isosorbide Is non-toxic. In addition, the molecule is very heat stable | decomposition only
occurs at about 270°C.

ROQUETTE



Isosorbide — PET Copolymer

Comonomer Effect on Glass Transition Temperature (Tg)

Isosorbide

Isophthalic Acid (IPA)

40
Mole % (X)

First target = HOT-FILL CONTAINERS (THERMORESISTANT PET) |

ROQUETTE




Starch Packaging Plates and Bowls

Greg Glenn

Smart&Final.




Straw Biomass Utilization:

Straw-based
packaging

Orts, Glenn — USDA-ARS, Albany




Straw for cellulose-to-ethanol
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ISSUES:
Straw varies with seasons
Aging < harvest time Is once per year
Molisture and storage are challenging
Transportation < Low density
Supply is not near highest demand.




Composition of MSW

m Food scraps,
12% Yard trimmings,
12%

m Plastics, 11%

m Paper, 36%

m Metals, 8%

m Rubber, leather,
& textiles, 7%

m Others, 3% Wood, 6%

m Glass, 5%

425 million tons per year of unsorted MSW produced in U.S. alone
(BioCycle, 2006).




Biomass
Pretreatment:

A pressurized hot water treatment !
allows straw, co-mingled with
MSW, to be hydrolyzed relatively
easily.




Conveyor loading MSW to autoclave
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MSW inside the autoclave prior to
steam treatment
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cleaners
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Cellulose-to-Ethanol Biorefinery & CR®

Processed paper from
recovered fiber

Biomass <
MSW and ag-
waste processing
plant in Salinas




Enzymatic hydrolysis of MSW
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5 % solids

0.05 M citrate buffer
50 FPU/g

200 CBU/g

55 °C

30 40 50 60 70 80
Time (hrs)
—o— Untreated MSW - Autohydrolyzed MSW =< Autohydrolyzed/Extracted MSW




US. ETHANOL MANUFACTURING LLOCATIONS

oource: HFA as of April, 2005




MSW as a Platform for
Biomass-to-Ethanol Biorefinery

e MSW & 425 million tons/year in U.S.
~ equates to 12% of our fuel

35 - 45% paper and paperboard products
Will reduce landfill volume by >80%
In MSW, paper is already fractionated
Can produce other co-products

< Pulp

< “Fermentable sugars”

“Athletic Biorefinery”




Cap & Trade Carbon Credlts
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an

Inconvenient
truth s

the crisis of 5 "*5
global warming q




Cap & Trade: Carbon Credits

Biobased Products
CARBON CREDITS

ASTM D6852

Based on “age of the
carbon”

 ratios of isotopes shows whether
the carbon is “new” (renewable) ro
“old” (fossil fuel).




Summary

Food/feed should be for food/feed

The cost of “fermentable sugars” is
the key!

Bioproducts add value to the whole
biorefinery operation

Flexible biorefineries will expand our
scope & MSW ??

CARBON CREDITS?
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Energy Return — Based on Petroleum
Equivalents —
E:ggi“.

Eg. = 1BTU |

Corn Ethanol 1.3:1up to 2:1




Energy Return — Based on Petroleum
Equivalents

Cellulose

Ethanol } 20:1




