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_ Energy Challenges

 Energy supply is an economic
Issue

e Energy security Is a national
security issue

 Energy is an environmental issue
 Energy access is a global issue
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_ OIl Imports
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Canada 10.4%
Mexico 10.3%
Mid East 14.6%

Iraq (4.1)

Kuwait (1.2)
Venezuela 8.7%
Nigeria 7.1%
Other 9.9%
TOTAL 60.0%

Saudi Arabia (9.3)

Manternach, 2004
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Jj Biofuels Needs and
Projections

« The US consumes about 180
billion gallons of gasoline and
diesel per year.

 New Energy BIll

— 36 billion gallons of renewable fuels
by 2022

— 15 billion gallons from corn
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— 21 billion gallons from advanced
biofuels
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i DOE Biomass Supply

I Requirements

o 428 million dry tons of
.- crop residue

- Biomass as Feedstock for a
. o 377 million dry tons of Bioenergy and Bioproducts Industry:
.- dedicated crops The Technical Feasibility of a
- Billion-Ton Annual Suppl
e 87 million dry tons of = UL
grains

animal manure

For 60 billion gallons
In 2030!

.- e 106 million dry tons of
|

Agriculture =

110,000 trailer
truckloads/day!
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Assumptions to Meet Biomass
Reqguirements

r

Land available

e Equipment technology
available

e Residue available
e Seedstocks available
e Producer buy-in

e Conversion
technologies progress
as expected
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Timing
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e Conversion plants (5-7 years)

e Seedstocks — planting seed and
transplant mat’l (3+ years)

 Equipment systems
* Logistics companies
* Producer contracts
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Feedstock Candidates
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Grain

High-tonnage sorghums

Sugar cane / energy cane

Forest products / mesquite / cedar
Sweet sorghum

Switch grass

Crop residues

Oilseed crops

Microalgae
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B Ethanol

e 119 grain-based ETOH plants (6.2 billion
gallons) (Source RFA)

e 86 under construction with (6.4 billion
gallons)

e All US corn production = 15-20% of US
gasoline supply

* Non-grain feedstocks will be crucial
e Cellulosic conversion must come on line
e Grain must be avalilable
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B Biodiesel

148 plants (1.39 billion gallons capacity)
(Source NBB)

Production 300 million gallons in 2007

US consumes 40 billion gallons/yr of diesel
Current cost of oil = $0.40/#

= $3.08/gallon (Feedstock cost)

+ $0.30/gallon (Esterification)

= $3.38/gallon (no taxes, distribution, profit)
Future — Low cost feedstock/niche markets?
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Status of Cellulosic Biofuels

"

Thermal conversion for steam and electricity is on line now.

Cellulosic conversion technologies may be technically and
economically viable within 5 years. - - Generation Il fuels

Thermo-catalytic conversion technologies may be
technically and economically viable within 5-10 years. - -
Generation Il fuels

Two other significant variables for the successful
development of a viable cellulosic biofuels industry are:
1) Feedstock supplies (e.g. tonnage, composition)
2) Logistics of producing, harvesting, storing, and
transporting cellulosic feedstocks

AgriLife Research is a the leader in these 2 areas.

@IF\E RESEARCH

Texas A&M System



g Key Elements of Production
System

* High tonnage feedstock

 Proven agronomics

* No-till/ridge till

Minimized equipment requirements

 Composition suited to conversion
technology

* Feedstock available through extended
periods
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g Key Elements of Delivery
System
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 High tonnage capacity
 Minimized field passes

Minimized equipment requirements
 Compact radius

 Low moisture content

 Flowable material from field

e Just In time delivery, year round

o Stockpliles
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_ Lignocellulosic Crops

High-tonnage sorghum (Annual)
— Long Canopy Duration
— Drought Tolerant

— High Biomass Accumulation
(expect >15-20Tons/acre)

Sweet sorghum (Annual)
— High sugar content
— Drought Tolerant

— Med. Biomass Accumulation
(5-10Tons/acre)

Energy Canes (Perennial)
— Sub-tropical production
— High water demand

— High Biomass Accumulation
(20+ Tons/acre)

Grasses (Perennial)
— Drought Tolerant
— Marginal lands

— Med. Biomass Accumulation
(5-10Tons/acre)
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B Biomass Cost?

Biomass that can be produced per acre (dry tons)

Woody Switch Forage Bioenergy

Residue | Biomass Grass Sorghum Sorghum
Biomass per acre
per year that can be
converted (DT) 2 5-10 8 10 15-20
Estimated cost
delivered to
converter $60+ $50-75 $60-90 $65 $50-60

High tonnage crops = More compact production footprint
Shorter haul distances
Lower delivered costs
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_ System Logistics

B

.. The logistics of producing hundreds of millions
. tons per year of cellulosic feedstocks is the

.- Achilles’ Heel!

Projections of 110,000 truck loads per day!!!

@ RESEARCH
Texas A&M System

.- — Production
— Harvesting

. — Transporting
.- — Storage
.- — Processing
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B justin-Time Delivery
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Uses forage or sugar
cane systems

Delivers flowable
feedstock

Applicable to all
production systems

Preferred for annual
production systems

Long-season production
preferable

Requires alternative
feedstocks for shorter
season production
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» AgriLife Research Priorities
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i BioEnergy: DNA-to-Fuel
Alternatives
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Genomics Genetics Agronomics Logistics Conversion
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B AgriLife Research Priorities
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 Develop dedicated
lignocellulosic and
ollseed feedstock
Crops .

Screen and
characterize land for
biomass production
using modeling.

@ RESEARCH
Texas A&M System



B AgriLife Research Priorities

B
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.- Develop agronomic
.- practices for

. sustainable production
systems.

* Develop production
. logistics to produce,
. harvest, transport, and

store biomass.
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AgriLife Research Priorities

"

Optimize
microbial/enzymatic
systems.

Optimize cellulosic and
thermal conversion
technologies.

Evaluate economic,
policy, and
environmental
ISSUES.
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