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Torrefied Blomass:
An ldeal CeFiring Solution



Changing Energy Market

Primary Factors Driving Change In Energy Markets:

A  Rapidly increasing global demand for fossil fuels as
reserves dwindle, resulting in soaring, volatile energy
costs.

>

Changing public perceptions and expectations on
Issues related to global warming.

A  Recently growing concern about energy security.

A  Enacted or anticipated legislation and regulations at alll
levels of government.

A  Economic viability of various energy technologies.
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Electric Industry Overview

U.S. Electric Power Industry Net A EIA forecasts worldwide electricity
Generation (E'A 2006) demand will rise to 30,116 billion
kilowatt-hours in 2030, more than

Total = 4,065 Billion KWh
Electric Uility Plants = 61.1% dOUbIe the 2003 Ievel

Independent Power
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In the United States, coal
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electricity generation, and over
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source of indigenous primary
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Changing Regulatory Environment
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Coal-Fired Utilities

A Coal-fired utilities find themselves facing both increased
energy demand and increased government regulation.

A State regulations call for more production from renewable

energy sources while federal agencies push for lower power
plant pollution,
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Coal-Fired Utilities in a Carbon-

Constrained Future

Three Options for Reducing Emissions

1. Move away from coal to utilize alternative
fuel sources

2. Carbon Dioxide Capture and Sequestration

A Scientifically Unproven
A Costs the average utility $1.5 billion to
implement

3. Biomass Co-firing

A Carbon Neutral
A Co-Fire with Coal
A Low CapEX
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Source of Cents per Capital
Power Kwh Cost
Coal 4.5-6¢ $2.2B
Nuclear 11-15¢ $6.0B
Natural
Gas 5.5-6.5¢ $0.8B
Hydro 5-11¢ $4.1B
Petroleum
8.5-10¢ $1.5B
Wind 10-20¢ $2.1B
Solar
20-40¢ $4.5B
Biomass 2.7 5¢ -
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Comparison

Moisture Hardgrove
Calorific Level & Grindability Storage
Value Properties Index Density | Behavior
Prone to
Southern Pi 19 - 21
OUEIn FINe ' 3000-4,300  30% - 50% 20-25 Mold and
Green Chips |bs/ft3
Btu Decay
Prone to
Wood Pellet 7,800 - 8,000 10% - 12% 25-28 30 Ib/ft? = Mold and
Btu Decay
itumi 10,000 - 14,000 oo 2o 50 52 Ib/fts | Stabl
Bituminous Coal Btu (Eastern 5% - 7% table
12,000 awy.)
Torrefied So. 9,500 -11,000 <3%/ 46 - 53
. ’ ’ _ 40-42 Stable
Pine Pellet Btu Hydrophobic lbs/ft3
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Chemistry of Torrefaction

AWoody biomass is composed of
A Hemi-cellulose

A Cellulose
A Lignin Component Mass % in Softwoods  Mass % in
Hardwoods
Hemi-cellulose 27 +/- 2 30 +/-2
Extractives 3+/-2 5+/-3
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Torrefaction Process

Hemicellulose Lignin Cellulose
Extensive
C Final torrefaction occurs s S o
C Wood becomes hydrophobic and is i
o carbonisation
dried below 1% )
C Btu level raised to 10,000 to 11,000
250 250
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Positives of Torrefied Biomass

The Benefits of Biomass Torrefaction for Coal-Fired Utilities:

1.
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Each ton of torrefied wood burned in the facility reduces their
carbon dioxide output by up to 2.8 tons, earning them an
estimated $36 - $72 in carbon credits.

Torrefied wood can be handled just like coal and processed
alongside it requiring little or no capital expenditure from the
utility. TW has been tested to 10% and will likely go to 30% mix
with coal.

Torrefied wood is hydrophobic - it does not take on water and
can be stored uncovered like coal.

During the torrefying process, most volatiles are burned off,
eliminating the concerns over slagging in the boiler.

Torrefied wood has significantly lower levels of NO, and SO, than
coald primary pollutant emissions targeted by the EPAS Iowerlng
emissions and associated scrubbing costs.

infegro ) \

earthfuels



Demand for Torrefied Biomass

Potential Demand in Southeast and Nationally for Torrefied Biomass
as a Replacement for Coal

Demand in tons 3.2M 14M 27M
Southeast
Targets

Potential Sales $375M $1.9B $3.85B

Demand in tons 33M 183M 238M
National Targets

Potential Sales $3.5B $12.0B $25.7B
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Market Demand

Home Heating Market

Today North America & Western Europe consume 10 Million Tons

TW can deliver 35% higher heating value at the same price

Transport savings and overcomes storage issues

Thermal Industrial and CH&P

Industrial segment burns 41 million tons of coal annually

CH&P segment burns 18 million tons of coal annually

No other clear alternatives to meeting RPS
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Growing volume of Biomass Generation Needed

Nonhydropower renewable power meets 33% of
total generation growth between 2007 and 2030

billion kilowatthours
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Future Market Demand

Biomass-fired Electricity Production

Impact of Trucking Distance on Biomass Pricing
(pricing in $ per Mbtu)
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Future Market Demand

Torrefied Biomass as a feedstock for Liquid Fuels

Petroleum-based liquids consumption is projected to be flat as biofuels use grows

million barrels per da
o= P y
History Projections
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Target Market: Geographic

Source: National Report on Forest Reserves

October 24, 20090 p.13

The Southeast U.S. is
endowed with 45% of the
nationodos pul pwooc

Pulpwood prices have

remained consistent for more

than 10 years, increasing

below the rate of the
producer6s price
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