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Feeding Systems

@ Particle Size Limitations,
Pressurized Operation More
Difficult

Fibrous Material

Gasifier Design
@ Allows Gasification Without
Pure Oxygen

High Reactivity
@ High Volatiles Content
@ High Char Reactivity

Gas Cleanup

@ More Tar, Water Soluble
@ Low Sulfur (Except BL)
@ Must Be Considered

Raw Syngas Composition
@ Tars

@ Sulfur

@ Alkali, Ammonia, Others

Limits Economies of Scale

111

Scale of Operation
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Gas, Tar, Water

1A L_’

i

 —

C +CO2=2C0O T
Pyrolysis
C+H20=CO+H2 ]
Reduction
Combustion
C+02=Cc02 «— Air
4H + 02 =2 H20 ;
—»
1 [
‘ Product Gas
Freeboard ‘
l|
Ash
I/ «— Biomass
+«— Air/Steam

Biomass

Air '
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C+02=C02 Pyrolysis
4H + 02 = 2H20 . Gas, Tar, Water
Combustion | ~— _
Reduction
C+C02=2C0
C+H20=CO +H2 J
Ash
Flue Gas
850" C
Filter
Biomass Ash
BURNER .
Gas Slip Stream
Steam
Air

Synthesis Gas
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Product J==ssp Bio Oil

High
Pressure

Low

Pressure
0.2 MPa

Synlgas
Changing World BT Slag
Technologies
g GTI (02) Chemrec (02)
Gas Product: PNNL Wet Carbona (02) Noell
Gasification (CH4/H2) HTW (02)
Foster Wheeler (O2)
10-25 MPa 1=—3 MPa 2=—3 MPa
Feed:
Feed: Biomass Feed:
Biomass MTCI-Also Black Black Liquor
Liquor
FERCO (Indirect)
MTCI (Indirect)
Pearson (Indirect)
TUV (Indirect)
En " Carbona (Alr)
Dynamotive Lurgi (Air) Eﬂt‘i:")mrec
BTG Foster Wheeler (Air]
Fortum EPI (Air)
Prime Energy (Air)
Low Medium High

(300°C—600°C)

(700°C-850°C)

(900°C-1200°C)



Waxes Olefins
Diesel Gasoline

MTBE
Mixed \ / Acetic Acid
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F-T Products Weight Fraction
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0.75

0.78

NAPHTHA

0.80 0.83 0.86 0.88 0.91
Chain Growth Probability, Alpha

0.94

0.96



Fixed Bed Reactor Slurry Bubble Column Reactor
l SYN GAS IN J GAS PRODUCT OUT
STEAM OUT
———————» T
Fluidized Bed stamour || = wuoup
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PACKED
WATER IN
TUBES i GAS PRODUCT OUT | CATALYST
-— SLURRY IN F-T
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Methanol, ethanol.
propanol, higher
alcohols, methane

CO, H,

Alcohol Reactor

e T 30-90%
5% . 5—60%
2D=:C1-C4

oted: —2600 psig



Minimum Ethanol Selling Price ($ per gallon)

$2.50

$2.00

$1.50

$1.00

$0.50

$0.00
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State of Technology
Estimates

1 Conversion

I Feedstock

Previous DOE Cost Targets
- == Prasident's Initiative

Costs in 2002 Dollars

Forest
Resources ~
56 gallton ~
e
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-
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—
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S
—
——
Biorefinery Residues T
67 gallton
Integrated with
Biochemical Processing
104 galiton total yield
2000 2005 2010 2015 2020
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Cat = Catalytic
Conversion Process
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j Aol=E ESt
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1 = =5 o
Cat: Ni, Fe, * HYDROGEN
Cu-7n i
—p| Cat: Cu-Zn, » ETHANOL,
Cu-Co MIXED ALCOHOLS
—»| Cat: Cu-ZnO *» METHANOL, DME
Cat: HIPO4, -
o T » OLEFINS
: LPG
/'_ _"‘\ ~*  Cat:Fe —
/ \ S NAPHTHA
Cat: Ni [™ sYNGAs™ e 5 By * UPGRADING
\\ /a A__. = KEROSINE/DIESEL
— 1 Cat: Co/K LUBES
p— WAXES
PaaEi
M  Cat: Co-Zn0O —I-'_QeOH'—l- Cat: Zeolite —» CASOLINE
| Cat: Mixed Bases » OXOCHEMICALS
Na, Ca -
ok e.g., KETONES
| CaCN = ANMMONIA
Cat: Ni'Mg *  SNG
Combined - .
Cycle - CHP
Cofiring/Rebury *» (CHP
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Multiple
Products
Thermochemical
Biorefinery
Technologies....
Ethanol
Diesel
Bio-Waste Ammonia
Hydrogen
it Flexible Fertilizer
Ag Residues Feedstock

Municipal Waste
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