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BIOMASS AVAILABILITY IN THE U.S.

Biomass Resources of the United States
Total Resources by County

DRY TONS
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I < 2,750,000 677 million dry tons

Total potential biomass availability across the continental United States
Though biomass production is generally widespread, it is most concentrated in the southern plains,
California, the Corn Belt, and along the Mississippi River. Counties that are not shaded may have

biomass available, but in comparatively small amounts.
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States by county. It includes the following feedstock categories: crop
residues (5 year average: 2003-2007). forest and primary il residues
12007, secondary mill and urban wood waste (2002, methane emissions.
from Lndfls (2008), domestic wastewoter treament (2007), and animal -
manure Q0021 For more information on the data development.

efer to hitps/wwwnrelgovidocs fy06ost/39181 pal. Ahough, the
document contains the methodology for the development of an ider
assessmen, the information s appiiable 1 this assessment as well. Tne
Giference s only n the datastime period.

This map was produced by the
National Renewable Energy Laboratory
for the U.S. Department of Energy.
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I < 1,000,000 101 million dry tons

Potential Biomass Resources from Waste Materials

Evident from this map is the concentration of resources in urban centers and certain rural areas where

animal agriculture is prevalent DRY TONS

© Union of Concerned Scientists 2012; www.ucsusa.org/biomassresources 10,900
<100,000
I < 500,000

I < 1,000,000 Total biomass:

I < 2,750,000 400 million dry tons

POte ntlal to p rOd uce 732 BI I | IO n KWh Potential Biomass Resources from Energy Crops
(Ap pX ] 2 0% O.I: U ] S ] P Owe r C O n S u m ptl O n) Energy crops could be the largest source of biomass, but time and significant changes in agricultural

practices will be needed to produce these crops on the scale shown here.
© Union of Concerned Scientists 2012; www.ucsusa.org/biomassresources




Biomass Conversion Pathways

Biomass
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Chemical/Biochemical Conversion Routes

AFats/Oils/Grease

ATransesterification of fatty acids in the
presence of Catalyst/Alcohol

AFatty Acid Esters (Biodiesel)/Glycerol

Transesterification

AComplex Organic Matter
AAbsence of Oxygen, Microbes

AHydrolysis/Acido-
Acetogenesis/Methanogenesis

AProducts: Biogas (CH, & CO,)

Anaerobic

Digestion

ALignocellulosic/Complex Matter

AEnzymatic Hydrolysis/Biological
Conversion/Chemical Conversion of sugars

AProducts:; Ethanol/Fuels

Fermentation

UNJV%FRSJTY
LOPISIANA
A L a a y e t t e.



Characteristics of Thermal Conversion
Routes

) A Oxidizing Medium: Air
@0]0al0I0Sile)al A Excess than Stoichiometric
A Products: Heat and CO,
A Oxidizing Medium: Air/Oxygen

. - : A Equivalence Ratio: 0.3
Gas|flcat|0n A Products: Syngas and Heat (CO, H,),

Cco,

A Oxidizing Medium: None
A Inert Environment

A Products: Bio-oil, Biochar, Torrefied
Biomass

Pyrolysis



Chemicals and Fuels

(Gasification/Pyrolysis/Biochemical)

Wheat wastes Switch grass Wood
Types of biorenewable
resources
l - Fischer-Tropsch
Gasifier types: synthesis plant
PP * Indirect gasifier with heat from
Ga?l'cat'on the combustion of char Low temperature F-T Distillates
ant * Direct gasifier with oxygen and Synthesis Naphtha
steam y
High temperature F- _Light olefins
T Synthesis Naphtha
Clean syngas . Syntheti
Raw syngas treatment l »  Methanation plant Taﬁ;
l Methanol Direct DME synthesis
l By products synthesis plant o plant _L DME
Pressure swing l _J :
adsorpﬁon - Methanol
Methanol = dehydration
Oflefins
[—* Formaldehyde -+  Methanol to olefins —*
H Gasoline
= > Methyl acetate —  Methanol to gasoline —
Aromatics
co > Acetic acid - Methanol to aromatics —————+
Current Opinion in Chemical Engineering

*Recent advances in optimal design of thermochemical conversion of biomass to chemicals and liquid fuels, 2105 *
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Power Generation Technologies
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Biomass Gasification

Gasifier Rxn

Biomass — CO, CO, CH, C,H, H,O, ones
C, Tars

Oxidation: C+0,— CO, sswma A Drying
Partial Oxidation: C + 0.5 O, — CO -123 kJ/mol ]
Boudard Rxn.: C+ CO,—2CO +159 kJ/mol A PerlyS|S
Water Gas: C + H,0—- CO+H, +118 kJ/mol i i
Methane Form.: C + 2 H, — CH, -87 kJ/mol A Oxidation
Methane Ref.: CH, + H,O —- CO + 3 H, +206kJ/mol )
Water Gas Shift: CO + H,0 - CO,+H,  -40kJmol A Reduction

Dry Reforming: CH,+ CO, —» 2 CO + 2 H, +247 kJ/mol

Syngas HHV (Btu/scf): 80 - 300
Natural Gas (Btu/scf): 950 - 1000
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70 Ib/hr Biomass Downdraft Entrained Flow Gasifier
(Utah) Gasifier Type (Selection):

Acceptable feedstock type and size
Moisture Sensitivity

Capacity/Scale (Kw-Mw)

Syngas Quality and Composition
End Use

Carbon Conversion and Efficiency

To o o Do Do o

=Y

5 MWt Woodchip Bubbling Fluidized Bed Gasifier _ '
(Vermont) 1 tpd Downdraft Wood Chip Gasifier

(Mississippi)




