Cellulosic Ethanol Logistics-
Challenges and Opportunities

February 18, 2008
Richard M. Schroeder

BioResource Management, Inc.
Gainesville, Florida

. Bio &
Www.bio-resource.com Resource



*Thirty years’ experience developing, managing
and marketing organic materials.

*Projects have included supply logistics for :

*\Wood power plants- 17 MW to 75 MW,
200,000 to 1.5 million tons per year

*Technology Projects- 500,000 to 1,000,000
tons per year of dedicated crops, crop
residues, rotational crops

eLandowner Supply Agreements- working with

landowners of over 10 million acres in the US.
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Federal Funding for Cellulosic Biomass is
almed at two primary technology platforms
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Cellulosic Ethanol

Uses cellulose instead of starches/sugars

Conversion technology Is thermochemical,
biochemical, or combination

Technologies being developed worldwide

Pilot plants built, commercial plants under
construction

Currently no commercial plants

operational iIn US
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Why Cellulosic Ethanol?

Can convert entire plant to ethanol

More efficient land use- yields 1,600
gallons per acre vs. 400 for corn

Better net energy balance-Cellulosic
ethanol can generate 6-10 times the
energy It uses. Corn ethanol generates
only 1.3 times the energy It uses.

Better carbon balance-reduces carbon
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Corn vs. Cellulosic-probable
comparisons of typical plants
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The great challenges of Cellulosic
Ethanol

e Technology
e Biomass Feedstock Supply
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Biomass for Cellulosic Ethanol Is
usually--

* High In moisture content
 Low In bulk density
* Fragile- little shelf life

Because of these factors, biomass for
cellulosic ethanol will almost always be a

local supply
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Biomass Potential Supplies
Biomass potential supply is estimated as:

e Theoretical Supply- what you can grow.
Related to land use, climatic and soll
characteristics, topography, etc.

e Technical Supply - what you can get your
hands on. Adjusted for restraints on land use,
policy, suitability for technology, harvestability,
sustainability.

e Economic Supply- what you can afford.
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Theoretical Factors

Climate
*Soils

*Ecology-
Available
Species

eHuman
Factor-
(Urban
Biomass)
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Categories of Biomass

Urban Biomass
Forestry Biomass
Agricultural Biomass
Dedicated Crops
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Categories of Biomass

e Urban Biomass

— Urban Wood Residues- about 33 million dry
tons per year
e Vegetative Waste

 Wood portion of MSW
— Municipal Discards-

 Methane from Landfills, digesters-about 12 million
dry tons per year

 Biosolids from wastewater-about 6 million dry tons

per year
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Urban Biomass- What Is I1t?

e Residential
Landscaping
Debris

| + Urban Tree
Debris,
Landclearing
Debris

Wood Residues
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Categories of Biomass

e Urban Biomass

e Forestry Biomass

— Forest Residues- logging debris, standing
noncommercial material-about 63 million dry
tons/year

— Mill Residues- primary and secondary- about
87 million dry tons per year

— Forestry Crops
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Location of Forest Harvesting, Residues in the US by County
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Timber Production- Forestry
Crops

In the US each year about 296 million dry tons of

roundwood timber is produced, and about 197
million dry tons is harvested.

Production- Dry Tons per year*

Softwood Hardwood Total

Net Annual Growth 170,831,788 125,279,275 296,111,063
Annual Harvest 125,678,875 72,122,100 197,800,975

Excess Growth, Mortality 45,152,913 53,157,175 98,310,088

*Includes log, inside bark, from 12” stump height to 4” diameter top, of
commercial species trees greater than 5” in diameter. Other material is

Included in residues.
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Southern Pine
Plantation, 12
years old,
about 25 dry
tons per acre
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Categories of Biomass

e Urban Biomass
e Forestry Biomass

« Agricultural Biomass
— Crop Residues-172 million dry tons/year
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Biomass from US agricultural lands-product an  d residue
Acres- Yield- dry tons/acre/year Total dry Tons per  Year

Crop Millions product residue residue % 0 I
Corn-grain 8 3.3 3.3 @ (L 46%
Soybeans s 1.1 1.6 116.8 24%
Wheat-Winter 31.3 1.1 1.9 59.47 12%
Wheat-Spring 17.5 0.9 1.2 21 4%
All Other Crops 20.1 4.4 1 20.1 4%
Rice 3.3 2.9 4.3 14.19 3%

Cotton 13.8 0.3 1 13.8 3%
Sorghum 8.6 1.4 1.4 12.04 2%
Barley 4.3 1.2 1.8 7.74 2%

Oats 1.9 0.8 1.7 3.23 1%

Alfalfa 23.8 3 0 0 0%

Other Hay 39.7 1.7 0 0 0%
Corn-silage 6.1 6.6 0 0 0%
Silage Sorghum 0.3 4.4 0 0 0%
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Location of Most Crop Residues in the US by County
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Categories of Biomass

Urban Biomass
Forestry Biomass
Agricultural Biomass

Dedicated Crops

— Agricultural and Forestry potential to produce
dedicated biomass feedstock.
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Combined Biomass Resources in the US by County
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Logistics of Blomass

* Delivering energy, in net gallons, not
volume or weight, Is the objective

 Transport costs can exceed 50% of total
COsts

 Energy values are lower than most
commodities—Iless handling the better
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The Cellulosic Delivery Challenge

e Transport-can be over
50% of total feedstock
delivered cost
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Equal weights of biomass in different forms

Low density, high moisture increases the number of
truck required. Roundwood has about the same

. N
density as corn. i e



Transport Requirements for Similar

Capacities
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Transport management is the role
of feedstock supply management

e Using GIS and
roads network,
freight costs
can be
determined,
and routes,
material supply
locations and
Impacts to local
roadways
minimized.
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Harvesting becomes part of the
Biomass Logistics

Some energy crops or residues may
be handled like sugar cane-cutting
material whole stalk and loading
iInto wagons.

The result can be lost material,
double handling, high soill
content, high per ton cost.
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Other crop harvesting
methods may allow particle
size reduction in the field.
This increases density, but
smaller moist particles are
difficult to store.




Biomass Storage and site handling is a large part of facility
operations- Losses can exceed 20% in 6 months

This composite picture represents a pile of

about 200,000 to 300,000 green tons- about a
six-month supply for 25 mgy cellulosic ethanol
plant (truck unloader shown to illustrate scale).
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