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US Energy Consumption by Source
BIOMASS 2.9%

http://www.eia.doe.gov/fuelrenewable.html�
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Typical Biomass Composition
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Biomass Flows

Biogas from sewage
Treatment, solid bio-fuels

Landfill and sewage gas
Treatment gas

Sawdust, chips, pellets

Direct biomass for energy Indirect biomass for energy

Energy crops, residual straw
, grass, bio-gax

W
ood, chiips, pellets

1.3 Billion Tons

930 Billion Tons 370 Billion Tons

1 Billion Tons 
To Displace 

30%
of Petroleum

http://feedstockreview.ornl.gov/pdf/billion_ton_vision.pdf

http://www.usda.gov/oc/photo/02c0610.jpg�
http://feedstockreview.ornl.gov/pdf/billion_ton_vision.pdf�
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Biomass Conversion Pathways
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Benefits of Using Biomass
Over Fossil Fuels

• Economic advantages
– Can be cheaper than fossil fuels
– Stimulates rural economies
– Encourages local energy production &

consumption
• Energy advantages

– Reduces reliance on fossil fuels &
oil prices (OPEC)

– Enhances national & economic 
security

– Highly efficient heating combustion 
methods

• Environmental advantages
– Reduces greenhouse gases-carbon dioxide 
– Reduces amounts of landfill (waste wood is biomass fuel)
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Price Comparisons of Popular
Home Heating Options
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http://www.oregon.gov/ENERGY/RENEW/costs.shtml#Levelized%20life-cycle%20cost

Electricity Estimated Wholesale Costs for 
Various Fuel Sources

http://www.oregon.gov/ENERGY/RENEW/costs.shtml�
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Some Challenges to 
Biomass Use

• Low cost of fossil based energy
• Financial barriers
• Technology issues
• Feedstock availability and cost
• Interest typically focused on a single 

product (energy) from a single feedstock
• Lack of a level-playing field (compared to 

petroleum and coal-electricity)
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Other Challenges to
Biomass Use

• Access to energy markets 
• Incentives for biobased energy are 

limited, too specific, not uniformly 
available

• Lack of qualified workforce
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Biofuels

• Liquid Biofuels
 Ethanol

• Sugar
• Corn
• Cellulosic

• Biodiesel
• Biogas
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Energy Bill statutory 
2012 level:

7.5 billion gallons per 
year
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One-Third of Corn Kernel Mass Ends as 
Animal Feed (a Co-Product) in Ethanol Plants
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Source: RFA - Renewable Fuels Association
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Improved Technology Has Reduced Energy Use and Operating 
Costs in Corn Ethanol Plants

Source: from Argonne’s discussions with ethanol plant designers, recent USDA data, and other reported data.

0

10,000

20,000

30,000

40,000

50,000

60,000

70,000

B
tu

/G
al

lo
n

Wet Mill Dry Mill

1980s
2000s



West National 
Technology 

Support Center

National Energy  
Technology 

Development 
Team

West National 
Technology 

Support Center

National Energy  
Technology 

Development 
Team



West National 
Technology 

Support Center

National Energy  
Technology 

Development 
Team

West National 
Technology 

Support Center

National Energy  
Technology 

Development 
Team

BASIC TRANSFORMATION:
CELLULOSE SUGARS ETHANOL

Cellulosic Ethanol



Cellulosic Ethanol Plants Will Be Significantly 
More Efficient than Corn Ethanol Plants

Steam

Biomass 
Feedstock Pretreatment Fermentation Separation

Power Plant: Gas 
and/or Steam Turbine Electricity Effluent 

Discharge

Emissions

Fuel 
Ethanol

Wastewater

Emissions Emissions

Emissions
Solid Residue and 
Methane Wastewater

Treatment

Plants under intensive  R&D efforts are designed to use 
the unfermentable portion of biomass to generate steam 
and electricity.
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Agricultural Derived Biogas
for Energy Production 

• Generally not that economically 
feasible unless:
– Very large operation
– Significant amount of incentives

• Grants
• Low interest loans
• Tax credits
• Carbon credits

– Other revenue generating opportunities
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The Benefits of Using 
Biofuels Over Fossil Fuels

• Energy security
• Climate change mitigation
• Lower emissions of harmful 

pollutants
• Positive net energy balance
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Life-cycle Carbon Dioxide Emissions 
for Various Transportation Fuels

DOE - Fossil Energy: DOE's Carbon Sequestration Research Program

http://fossil.energy.gov/programs/sequestration/index.html�
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Comparative Results Between 
Ethanol and Gasoline 

http://www.usda.gov/oce/reports/energy/aer-814.pdf

http://www.usda.gov/oce/reports/energy/aer-814.pdf�
http://www.usda.gov/oce/reports/energy/aer-814.pdf�
http://www.usda.gov/oce/reports/energy/aer-814.pdf�
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Fuel Type Unit Btu

Coal (Anthracite) Pound 12,500

#2 fuel oil Gallon 139,000

Diesel Gallon 138,694

Electricity Kwh 3,413

Ethanol Gallon 84,400

Gasohol (10% ethanol) Gallon 120,900

Gasoline Gallon 125,000

Kerosene Gallon 135,000

Methanol Gallon 62,800

Natural Gas Cubic Foot 1,014

Propane LPG Gallon 95,475

Residual fuel oil Gallon 149,690

Wood (average) Standard cord 21,000,000

Corn grain Bushel 392,000
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• Less Btu per volume in relation to 
respective fossil fuel

• Very dependant on price of fossil 
fuels

• Food vs. fuel
• Potential impacts on soil and water 

conservation

Some Challenges to
Biofuel Use
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Assumptions in 2005 
Biomass Study

• All manure in excess of that which can be applied 
on-farm for soil improvement  under anticipated 
EPA restrictions; and all other residues and 
wastes are utilized

• Soybeans have an increased residue to grain ratio 
of 2:1

• Harvest technology is capable of taking 75% of 
annual crop residues

• All cropland is managed with no-till methods; 
• 55 million acres of cropland, idle cropland, and 

cropland pasture are dedicated to the production 
of perennial bio-energy crops

http://feedstockreview.ornl.gov/pdf/billion_ton_vision.pdf

http://feedstockreview.ornl.gov/pdf/billion_ton_vision.pdf�
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