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Major Opportunity Driven by
Powerful Forces

APowerful forces converging:
I Environmental
I Economic
| Strategic

ADriving new thinking on:
I Power generation

I Liquid fuels

I Chemicals
I Materials
I Food & health
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Links to Global Issues and

Biomass Has Direct

Market Needs
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Key Renewables Distribution

_ Batietie

Technology deployment based
on local resource utilization is
environmentally determined.

Technology development need
not be local. But technology will
go where the renewable
resources are.
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Biomass Resources

oe United States

This study estimates the

annual technical Diomass re-
ources cumently avafable in the
ed States by county. It indudes

the following feedstock categories:

- Agricultusdl residues

{crops and animal manure);
~Wood residues
(forest, primary mill, secor
.. mil.and urban
- Municipal discards
. (methane emissions from
landfills and domestic
I Thousand Tonnes/Year wostewater troatmentk
Above 500 b (D';'dkalwgmqyc‘:}ps
2 ass on Conservation
%gg ggg Reserve Program lands),
L -~ -
' ¢ R oo
50-10 —

sl Less than 50 "0 :hl?:!—
F - ‘ wwwonined govipn
A‘mhov :Billy Roberts - Octaber 20, 2008 This map was produced by the National Renewabile Energy Laboratory for the U.S. Departroens of Enengy

See additional documentation for mare iInformation at httpo swwwannel gowdocyiyO6oat 39181 paf
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Biomass -based Development Offers a Significant Baﬁelle

Combination of Development Benefits for the U.S.

tiom

AAddress global issues and market
opportunities

ALeverage and expand an existing
vertically integrated economic driver

AAdd value to agricultural residues and
other lower value biomass resources

ARealize opportunities from an existing
and intensive research base (especially
land grant universities)

Almport substitution and security

ARural and urban development
opportunities

AModel of economic and environmental
sustainability
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Biomass -Based Economic
Development

Low bulk density of biomass
means value-added processes
need to be close to location of
biomass production.

Crop Energy Fuels Chemicals Materials

Residues ﬂ ﬂ ﬂ ﬂ

D'Eiigrztjd Industrial Bioproducts and Fuels

Crops

Biomass
Production

Pathways to new value-added

\ biobased products
Forest

biomass Nutrition and Health Products

Organic
WERIE]
SHEEEINES

Food and Nutraceuticals,

feed products

biopharming and
specialty health products
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Many Feedstocks, Many Products, Many Markets
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Feedstocks

Corn kernels |

Other grains (sorghum, millet, etc.) |

Sugars (sugar cane, sweet sorghum) |

Soybean ol

Cottonseed oil

Other plant oils

|
|
Canola/rapeseed oil |
|
|

Livestock derived fats and oils

Crop residues (stover, straw, etc.)

Wood and forest residues

Dedicated crops (e.g. switchgrass)

|
|
Short-rotation woody hybrids |
|
|

Municipal/industrial cellulosic waste

Livestock manure |

Sewage |

Mixed municipal/industrial waste |

Wood

Cotton

|
|
Kenaf |
|

Other fiber crops
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Markets

Products

Alcohols

Starches & (ethanol,
Sugars butanol,
etc.)

Transportation
Fuels

Oils and
Biodiesel

Plant
Oils &
Animal Fats

Electricity &
Heat
Generation

Green
Diesel

Ligno-
cellulosic
Biomass

Specialty
Chemical
Inputs

Municipal &
Industrial
Organic

Waste

Materials
(building
products, pulps,
fabrics, etc.)

Plant
Fibers

Direct
Combustion
Biomass



BIOFUELS
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bio-oil

synfuel, BTL

methanol. DME

hydrogen
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liquid biofuels

gaseous biofuels
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Sugars | Today's US Biofuels | DOE Funded Adv. Ethanol | Other Options
+Sugarcane +*Alcohols
+«Sorghum +Ethanol
*Sugarbeets ErBAlE +Butanol

Starches zymal . . *Methanol

Hydrolysis to *Microbial -
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; </ fermentation
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*Wood Hydrolysis to technology) splacements
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G +Gasification to{)) (bigmolecules gef 4 ;
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Oils . \ : X *Hydrogen

-Soy ‘ P_yrolysus Eo \ Catalyt!c fuel Niethnne
bio-crude synthesis /

*Palm ; X *Syngas

(smallmolecules ge Y

*Rapeseed : : DME
*Anaerobic bigger)

+Jahotra digest -Coproducts

igestion .

*Algae / *Transesterification L SEligmicals

Carbonaceous , : *Animal Feed

Viaste o A *Modifiedisoprenoid "Eleemcty
*Municipal Histersath *Heat
Solid Waste e Ll Sulls
Isslfc‘gege ‘Modified Fatty Acid
-Chemical synthetic pathway
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Jeremy Matrtin, Union of Concerned Scientists Biofuels Analyst
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Need a systems approach to maximize use
of regional biomass resources (a simplified illustrative example)
Crop Liquid
Production Grain BloFueIs
A Crop Lignocellulosic Biorelfinery Bio-based
' Residue Material Chemicals
5 .
' Feed \ e @
E Organic
! Food & Industrial, W aste
! Ingredients Commercial,
! — » Residential & —» — Power
: Municipal Biogas Generation
E Organic Waste Production
: Manure (e.g. methane)
: A 4
E >
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. _ Nursery
i Livestock ‘K{' Aprient & Industry
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