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The Biomass Supply Chain ' Mendel
+ Breeding for Energy L

{ Biomass feedstocks for biofuels and power
~ Demand forecast + sources of biomass
~ Conversion to energy
~ Target production areas

{ Miscanthus & a dedicated energy crop
~ Germplasm + characterization
~ Crop profile + features
~ Breeding challenges

{ Biomass Supply Chain considerations
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DOE Biorefining Industry 2030 Goals (Mendel

Displace a significant fraction of gasoline demand
~ 60 billion gallons/year by 2030

Biomass as Feedstock for a
Bioenergy and Bioproducts Industry:
The Technical Feasibility of a
Billion-Ton Annual Supply

~1.3 Billion tons/yr
Biomass Potential in the

US. Sugar Platform

Including Corn Grain, an  Estimated 600 8 700 Million Tons of
Biomass per Year is Needed for 60 B gal of ethanol.
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Ethanol production forecast | BIOTECHNOLOGY
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Cellulose

Combined Total

Ethanol (Billion Gallon per Year)
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Year
Chart representing ethanol volumes predicted from the high oil case

using the transition model for the 30x30 NREL report. Date: 09/05/06,
contact i Bob Wooley, National Renewable Energy Laboratory



Federal mandates for biofuels were { Mendel
increased late 2007 PR

Renewable Fuel Standard
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* Note: Cellulosic is a sub-category of advanced biofuel.
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Biomass Demand projections
Million dry tons
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Note: According to McKinsey, roughly 100TWh of biomass (~75MM DT equivalent) was consumed in the United States for power generation;
presumably supplied by agricultural and wood waste biomass; EIA estimates 2006 biomass consumption at 2.4 quads (~150MM DT equivalent)



Biomass Sources { Mendel
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Biomass Demand projections
Million dry tons
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Note: According to McKinsey, roughly 100TWh of biomass (~75MM DT equivalent) was consumed in the United States for power generation;
presumably supplied by agricultural and wood waste biomass; EIA estimates 2006 biomass consumption at 2.4 quads (~150MM DT equivalent)



Biochemical Conversion - Mendel
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Feedstock Variation ‘ Enzyme Cost

. Enzyme
Feedstock Quality 5
Feedstock Cost Production
l HSF (Hybrid Saccharification & Fermentation)
Co-
- Enzymatic fermentation Product
Pretreatment =% Conditioning Hydrolysis =) of C5 & C6 Recovery == Products
Sugars
Sugar Losses 1
. Glucose Yield

Xylose Yield Solids Loading (titer) Residue
Xylose Degradation S
Solids Loading 9

Reactor Costs

Ethanol Yields
Ethanol Concentration ‘

Rate
Hydrolyzate Toxicity

By-products

NREL. 2007. Biochemical Ethanol Process and Barriers. 30by30 (in press)



Thermochemical Conversion

Size Reduction
Storage & Handling I Feedstock

De-watering Interface

Drying l

Gas Cleanup
Gasification &
Conditioning
Partial Oxidation
Pressurized Oxygen Particulate removal
Indirect/Steam Catalytic Reforming
Technical Feasibility of Tars
Syngas Quality Benzene
Light Hydrocarbons
Methane
S, N, Cl mitigation
CO, removal

H,/CO adjustment

NREL. 2007. Thermochemical Ethanol Process and Barriers. 30by30 (in press)

\'Mendel
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Products Ethanol

Heat
Fuel Synthesis —» &
Power

I Separations

Recycle
Selectivity

By-products

Methanol
n-Propanol
n-Butanol
n-Pentanol



Lignin is Key Barrier to Biorefining

Mendel
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\

Lignocellulose

Hemicellulose

Pretreatment

Cellulose

10




Biomass Feedstock Fuel Yields

Corn grain* 170 bu 2.8/bu
Corn stover 3 89
Sugarcane

bagasse 9 92
Switchgrass 7 88
Miscanthus 12 102

*Wet ton yield of in lowa per USDA

Mendel
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476
743 total
267

828

616
1,224
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Projected Ethanol Yields
Gallons per Acre -- 2012*

gal/acre

1,200 -~
1,000 -~
800 -
600 - stover
400 -

200 -

Corn grain Switchgrass Sugarcane bagasse Miscanthus

*Yield assumptions:

Corn grain: USDA reported yields, 2007 plus 3% improvement
Corn stover: 3 dry tons per acre

Switchgrass: 7 dry tons per acre

Bagasse: 9 dry tons per acre

Miscanthus: 12 dry tons per acre

Conversion yield: 90 gallons per dry ton




Breeding for Energy

(N .
Wet, long growing seasons are best suited for \ M&Eﬁﬂ&!
dedicated energy crops

= nationalatlas.gov™
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Precipiaton varies widely acrcss the &
United States, from a low of 2.3 inches
per year in California's Death Valley w a
high of 460 inches cn Hawaii's Mount

Waialeale. Nevada ranks as the driest
state, with an  average annual
precipitation of 9.5 inches, and Hawaii
is the wettest, at 70.3 inches,

Average Annual Precipitation (in inches)
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dedicated energy crops



