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&
Energy Generation



° Primenergy & Alternative;;Renewable Energy Marke

¥ The Broad Market of Renewable Energy
= Wind, Solar or Biomass
2 Regulatory Driven
A Deregulation

A Environmental
I Restrictions on Land Application
I Reduction in Carbon Dioxide from Fossil Fuel

= Economically Driven by Energy Pricing

= Definition
A Any plant derived organic matter available on a
renewable basis, including dedicated energy crops
and trees, agricultural food and feed crops,
agricultural crop wastes and residues, wood wastes
and residues, aquatic plants, animal wastes,
municipal wastes, and other waste materials.

= Abundance and Price



Biomass

Biomass Share of U.S. Energy Supply

solar =1%
Geothermal 5%

Muclear 3% Matural Gas 23%
Biomass 47%

Renewable

6% Wind 2%

Hydrogelectric 45%
Petroleum 40% Coal 23% ¥

source: Renswable Energy Trends 2004, ElA, August 2005,
Total Energy Supply 100278 QBtu



° Advantages of Biomass Gaslification

LY

% Biomass Energy Conversion via Gasification

= Intermediate Synthesis Gas Production
A Cleansing & Subsequent Processing

Controlled Air Gasification Eliminates
= Fuel Slagging
= Conversion of Silica in the Fuel to Crystalline Form
= Heavy Particulate Loading in the Synthesis Gas
= Lower Temperature Operation Vaporizes Less
Pollutants
Gasification Produces a Synthesis Gas
=z Gases Can Be Intermediately Cleaned
= Gases Can Be Burned in Stages for Proactive
Pollution Control
Recognized by the US Department of Energy
and Environmental Organizations as Superior
Combustion Technology
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http://www.nrel.gov/data/pix/Jpegs/01416.jpg

° Advantages of Proven Gasification Technolog

% Scalability & Energy Output Flexibility

= Commercial Operations from Three to over Twenty
Tons per Hour

. Energy Outputs of Steam, Heat Electricity &
Combinations

Experience in the Design of Power Generation

=z 12.8 MWe Rice Hull Fueled Steam Cycle

= 4.5 MWe Olive Waste Fueled I/C Engine Generation

= 1.0 MWe Wood Fueled Back Pressure

Commercial Scale Demonstration Facility in
Tulsa

= Demonstration of Cliento&s
A Existing Fuels or New Fuels

@ Third Party Verification of Testing
Proven Fuel Flexibility

. Twenty + Biomass Fuels Successfully Demonstrated
@ Six Different Commercial Fuels
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. Simplified Diagram
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