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You can get fuels/energy at

$15 per barrel

of crude oil



Biomass Energy

On an energy basis…

1 tonne biomass = 18 GJ energy 

approx = 3 barrels of oil equivalent



Key steps required

• Low cost/efficient conversion technologies

• Liquid transportation fuels and Chemicals 

• Co-product strategies to reduce costs -

Biorefineries 

• Sustainable production of 

novel biomass and use of residues



Source: Biomass as Feedstock for a Bioenergy and Bioproducts Industry

“Billion Ton Report”  

U.S. Biomass Potential
U.S. Department of Agriculture and U.S. Department of Energy



U.S. Biomass Potential
U.S. Department of Agriculture and U.S. Department of Energy

Approximately equal to 50% of petroleum energy consumption 

20.8 million bbl/d = 7.6 billion bbl/yr



Biomass sources

• Traditional crops – Corn, Soybeans…

• Agricultural and Forestry Residues

• Industrial residues

• New crops and biomass sources 

– Switchgrass, Algae…



Warnell School and Partners
Forestry Residue Project

Prentice 280 loaderTimberjack 640D 

grapple skidder
Tigercat 718 

feller-buncher



Small Chipper Added to Operation

• < $100,000

• Sawlog and pulpwood 

production unchanged.  

• 0.4 gal diesel per ton of chips 

produced 

• Removed 4-11 tons/acre of 

chips.

• Cost per ton competitive with 

other fuel chips.



Algae Biomass Production and Conversion
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Pathways from biomass to fuels

From: Huber et al., 2006.  Chemical Rev, 106(9)
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Source: National biobased products and bioenergy coordination office – US DOE



Other cellulosic ethanol plants

• Iogen –

Steam explosion + Enzyme hydrolysis + Fermentation

• BlueFire Ethanol –

Acid hydrolysis + Fermentation

• Abengoa Bioenergy –
Biochemical and Thermochemical…



Source: Abengoa Bioenergy Inc.

Abengoa - biochemical



Abengoa - thermochemical

Source: Abengoa Bioenergy Inc.



Pathways from biomass to fuels

From: Huber et al., 2006.  Chemical Rev, 106(9)



3 related thermal processes
• Combustion = Burning by direct heat -

Stoichiometric to excess oxygen –
Products are hot gases, CO2 and H2O

• Gasification = Thermal degradation by heat -
Limited oxygen –
Products are predominantly H2 and CO

• Pyrolysis = Thermal degradation by heat 
No oxygen –
Three products: permanent gases, BioOil, Char 



Pyrolysis

Pyrolysis

425°C

Biomass

CHAR

VAPOR

GASES

Hydrocarbons

H2, CO, CO2, ..



Gasification

Gasification
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Pyrolysis products: BioOil and Char



Pathways of thermal conversion

Bridgwater, A.V. 2004.  Thermal Science, 8(2):21-49



Pathways for biomass to liquid fuels

From: Spath and Dayton. 2003. NREL/TP-510-34929



Pathways for biomass to liquid fuels

From: Spath and Dayton. 2003. NREL/TP-510-34929



Gasification based 

cellulosic ethanol plants

• Abengoa –

Biochemical and Thermochemical

• ALICO, Inc –

Gasification + SynGas fermentation

• Range Fuels Inc. –
Gasification + Catalytic Conversion to mixed alcohol



Abengoa - thermochemical

Source: Abengoa Bioenergy Inc.



Abengoa Bioenergy Inc.

From: Spath and Dayton. 2003. NREL/TP-510-34929



ALICO Inc.

From: Spath and Dayton. 2003. NREL/TP-510-34929



Range Fuels Inc.

Source: Range Fuels Inc.



Pathways for biomass to liquid fuels

From: Spath and Dayton. 2003. NREL/TP-510-34929




