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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 Biorefinery Sugar is key!

Ethanol



Poly(lactic acid) PLA: Cargill
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Microbial Polyhydroxyalkanoate (PHA):

Fully developed by ICI, Zeneca, & 
Monsanto 

Of recent interest to Metabolix, P & G 
(NODAX), and Brazilian Producers

PHA costs (?!?)  
Slow bacterial growth
Difficult microbial separation



PHAs: BioPolyester Property Space

PROPERTIES
• Hydrolytically stable
• Biodegradable
• Form excellent films
• Very good UV stability

pressure sensitive adhesives

THERMAL PROPERTIES thermoplastics
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PHAs: Polymer Diversity 

Short chain branches

Highly branched 
Long chain branches
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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





Isosorbide – PET Copolymer



Starch Packaging Plates and Bowls

Greg Glenn



Straw Biomass Utilization:
Straw-based 
packaging

Orts, Glenn – USDA-ARS, Albany



Straw for cellulose-to-ethanol

ISSUES:
Straw varies with seasons
Aging harvest time is once per year
Moisture and storage are challenging
Transportation Low density
Supply is not near highest demand. 



Paper, 36%

Food scraps, 
12% Yard trimmings, 

12%

Plastics, 11%

Metals, 8%

Rubber, leather, 
& textiles , 7%

Wood, 6%

Glass, 5%

Others, 3%

Composition of MSW

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



MSW inside the autoclave prior to 
steam treatment



MSW in the autoclave after steam 
treatment



Clean fiber from MSW after centrifugal 
cleaners



Cellulose-to-Ethanol Biorefinery  CR3

Biomass 
MSW and ag-
waste processing 
plant in Salinas

Processed paper from 
recovered fiber
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MSW as a Platform for 
Biomass-to-Ethanol Biorefinery

• 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 Credits 



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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Back to the future



Corn Ethanol 1.3:1 up to 2:1

Eg. = 1 BTU

Energy Return – Based on Petroleum 
Equivalents

Coal

Natural Gas



Corn Ethanol 1.3:1 up to 2:1

Eg. = 1 BTU

Sugar Cane 8:1

Cellulose 
Ethanol } 20:1

Energy Return – Based on Petroleum 
Equivalents


