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Range of Biorefinery Concepts
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U.S. Biomass Resource Potentials
—~

Corn (largest volume grain and source of EtOH in U.S.)
= Potential to displace 10-20% of our gasoline Food
Supplies
Soybeans, fats & greases (largest sources of biodiesel)
= Potential to displace 5-10% of our diesel
_
. . . . . \
Over 1 billion tons/year of lignocellulosic biomass (trees,
grasses, etc.) could be available in the U.S. Not a Food
. Suppl
= Potential to displace 50-70% of our gasoline HPPYY

Short-term: improve cost and efficiency of corn ethanol & biodiesel
Mid to Long-term: focus on lignocellulose (trees, grasses, & residues)
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U.S. Biomass Resource Assessment

Biomass as Feedstock for a » Updated resource assessment - April 2005

Bioenergy and Bioproducts Industry:

The Technical Feasibility of a . JOlntIy developed by U.S. DOE and USDA

Billion-Ton Annual Supply

o - Referred to as the “Billion Ton Study”
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The 1.3 Billion Ton Biomass Scenario

Billion Barrel of Oil Equivalents 2003 U.S. Petroleum

7.0 -Consumption-
6.4
il | Other
~ (Gasses,LPG
2003 | \oasges LPG,
—_ Imports Asphalt, etc.) |
U.S. Petroleum 4.4 2E I
- 0.5 Jet Fue
4.0 — 1.3 billion tons of Biomass- Production Levels
Heating Value Equivalent 3.5 \
wb . |- 1.4 Distillate
" | Yields Based on Mid-Term . us.ai
Conversion Technology 2.0 ~ Production
20 L 1.9 . | - Max. 1970
| - ~ Thermochemically Convert ' | US.ail 1 -
> Biochem Residues & ' Production | 23;70'5350"'”9
ol ~ Forest Resources (0.5) - -2003 | (3.0 Actual)
' - Biochemically Convert
/' Non-Edible Carbohydrates (1.1)
0.0 —— Near-Term Corn Without

Affecting Food Prices (0.3)

Based on ORNL & USDA Resource Assessment Study by Perlach et.al. (April 2005)
http://www.eere.energy.gov/biomass/pdfs/final_billionton_vision_report2.pdf
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Required Growth of Cellulosic Ethanol to Supply
30% of U.S. Gasoline Demand by 2030

Cumulative Ethanol Production
Aggressive Technology Development Scenario
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Integrated Biorefinery Elements

Starch Starch
or Grain Hydrolysis

Fermentable Glucose Product
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Reducing the Cost of Ethanol From Stover
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Remaining Technology and Cost Barriers
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Ethanol is the 15t of Many Possible Biofuels

Tl\lear Ethanol — from grain, sugar, or cellulosic material
erm

Biodiesel — transesterified vegetable oils, fats, and greases

Green Diesel — vegetable oils, fats, and greases converted to
diesel by hydroprocessing

Other Fermentation Products — includes: butanol, acetates,
lactates, and other possibilities

Pyrolysis Liquids — low quality liquid made by thermal
processing (“thermal cracking”) of biomass

Synthesis Gas — for conversion to F-T liquids, methanol,
dimethyl ether, or mixed alcohols

Algae-derived Fuels — alternative source of triglycerides and
carbohydrates

R

Long _ _
Term Hydrocarbon Fuels — from hydrogenation of biomass

constituents
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Fast Pyrolysis Bio-oll

§ Bio-oil is water miscible and is comprised of
_ s_;:l . many oxygenated organic chemicals.

 Dark brown mobile liquid

« Combustible

 Not 100% miscible with hydrocarbons

 Heating value ~ 17 MJ/kg

e Density ~ 1.2 kg/I

« Acid,pH~25

 Pungent odour

o« “Ages” -viscosity increases

with time
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Biomass Gasification Integrates with Fossil Fuels

Primary Energy

Source Syngas Step Conversion Technology Products

éSyngas to Liquids (GTL) Process S| I
_’: -

Natural — Fischer
Gas : | Tropsch — Upgrading I Naphtha I :
P (FT)

Coal — Syngas to Chemicals Technologies

Syngas _>
(CO +H,) :

Acetic Acid

Methanol

BIOMaSS wlp

— Hydrogen

Extra —
Heavy ey
Qil

xed Alcohols (e.g. ethanol, propa

Others (e.g. Triptane, DME, etc)

Slide courtesy of BP Corporatio ﬁ bp
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Microalgae as a Source of Biofuels

DOE’s Aguatic Species Program at NREL
(1978-96) provided the technical foundation
for producing biodiesel from algae

The concept involves produce biofuels from:
= Sunlight
» CO2 in fuel gases and/or vent gases
= Unproductive land
» Brackish or saline water

» Productivity per acre potential (~10,000 gal/acre/yr) far exceeds
terrestrial plants — R&D is needed to reach this potential!

 NREL partnerships with petroleum refiners revealed an approach
that converts algal oils in existing refineries

 Algal carbohydrates can be integrated into ethanol production
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Jet Fuel From Algae

Petroleum Refinery

Microalgae

60%
Triglyceride

40%
Cultivation Pond P;:E';f’;:;::’ Green Diesel
Productivity ) J .
SOT: 10gm/m?/day « Food
Target: 50gm/m’/day « Other Fuels (Ethanol)
* Power
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Low Technology Maturity High Key Drivers Value Added
New market for grain and High octane gasoline blend stock
agriculture products. Large from carbohydrates.
supply of lignocellulose.

New market for excess oils, Petroleum compatible and

fats, and greases. biodegradable.

Lower cost and higher product | Utilize existing assets, High quality jet
quality tham FAME. fuel or diesel,

PHydrocarbons from Carbohydrates

Organizations Leading the R&D

B crinvagricuitore [ ] coal

. Petroleum

L] chemical

. Forestry Academia & Startups

New market for grain and
agriculture products. Large
supply of lignocellulose.

Better gasoline blending properties
than ethanol.

Integration of biomass with

Coal, Coke, Shale, or Heavy Qils,

High quality jet fuel or diesel. Reduced
criteria for sequestration, and economy
of scale (in combination with fossil).

Technical fit with woody
biomass and liquid bio-crude,

Potential to integrate into existing large

scale refinery and pipeline infrastructure.

Potential transportation fuel
from any fuel/power source.

Ideal feed for fuel cells, and lowest tail
pipe emissions,

Lg. source of biomass on
non-arable land, and capture
of €0

High quality jet fuel or diesel yield per
acre, with both off-shore and on-shore
potential.

Better compatibility with
petroleum products,

Potential for higher reaction rates than

fermentation, and potential as H2 carrier,

Renewable Fuels & Low GHG Emissions
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Biomass: Summary & Conclusions

v The only domestic & renewable
option for liquid transportation fuels.

v Resource base is sufficient to
supply a large fraction of U.S. and
Colorado needs

v" A sustainable solution to meet
the near-term “gap” expected to be
caused by Peak Qil

v" On-going R&D will create many
opportunities that extend beyond
today’s biopower, ethanol, and
biodiesel facilities
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Additional Information

DOE Biomass Program Web Site
http://www.eere.energy.qgov/biomass/

NREL Biomass Web Site
http://www.nrel.gov/biomass



http://www.eere.energy.gov/biomass/
http://www.nrel.gov/biomass

Thank You for the
Opportunity
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