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Advanced Biomass R&D
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Lignin: 15-25%

= Complex network of aromatic
compounds

#* High energy content

Hemicellulose: 23-32%

* Polymer of 5 & 6 carbon sugar e B ez Vy?
%g o O: o d zﬁgéﬂ o I
S A
Cellulose: 38-50% —_— |
= Polymer of glucose, very good & "o Liquids or Gas

biochemical feedstock 0, "/ l

Power & Liquid Fuels
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Basic Definitions
Combustion

*Thermal conversion in the presence of excess oxygen for production
of heat

Gasification

» Thermal conversion of organic materials at elevated temperature and
reducing conditions to produce primarily permanent gases, with char,
water, and condensibles as minor products

» Primary categories are partial oxidation and indire ct heating

Pyrolysis

« Thermal conversion (breakdown) of organics inthe a  bsence of oxygen
* In the biomass R&D community, this commonly refers to lower
temperature thermal processes producing liquids as the primary product

U.S. Department of Energy
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Yapor lertary
Phase Secondary

Primary

Particulates
Soot

‘v

Dehydration Depolymerization Char Formation

Pyrolysis Severity (f (T, t))
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Biomass Gasification

Characteristic Implications

Feeding systems :

— Particle size limitations,
pressurized operation more
difficult

Fibrous material

High reactivity
— High volatiles content
— High char reactivity

Gasifier design

— Allows gasification without
pure oxygen

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

[ I

Scale of Operation

U.S. Department of Energy
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- Rapid heat transfer in the absence of oxygen
- Short residence time at temperature (msec)

- Rapid thermal quenching of vapor products

. Gas (15%), Char (15%), Liquids (70%)
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Bio-oil as Refinery Feedstock

Bio-oil €02, H20

H2 Light hydrocarbons

CO2, H20
(Lower O2 bio-oil)

) H2
Hydrotreating

Gasoline/Diesel
Hydrocracking

Claims for the cost of production:
Ensyn $ 14-16 / bbl
BTG $ 21/ bbl

Additional Slides
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Bio-oil is water miscible and is comprised
of many oxygenated organic chemicals.

Combustible,

Not miscible with
hydrocarbons,

Heating value ~ 17 MJ/kg,
Density ~ 1.2 kg/l,

Acid, pH ~ 2.5,

Pungent odour,

“storage stability” - viscosity
increases with time

Component W1t% of Bio-oill
Hydroxyacetaldehyde 5-12
Acetic acid 3-9
Formic acid 1-4
Acetol 3-7
Glyoxal 1-2
Levoglucosan 2-5
Water 15-30
Pyrolytic lignin 15-30

Over 300 individual compounds have been identified

bio-oil
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Bio-oil properties change during storage
* increase in viscosity
rate = 2.317*1013 exp(-9659/T) cP/day

Diebold, J.P.; Czernik, S., Energy&Fuels 1997, 11,
1081.

» decrease volatility
* phase separation
« formation of gums and deposits

Instability is caused by chemical reactions
occurring between certain compounds that
lead to molecular growth

« Liquid boiler fuel substitute

« Reform to Hydrogen

« Food flavorings / Specialty chemicals
* Phenolic replacements

¢ Asphalt binders

* Petroleum refinery feedstock
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Yields for Hydroprocessed Bio-oil

Feed Wgt %
Bio-oil 100
H2 3-4.5
Products

Naptha Range 21
Diesel Range 21
C0O2, H20, Light Hydrocarbons 62

Source: UOP Presentation to National Petroleurmni@efiAssociation, February 20(|)8

Hydroprocessed Bio-oil Product Composition

Hydroprocessed bio-oil (from mixed wood) Gasoline

Min Max Typical

Paraffin, wt% 5.2 9.5 44.2

Iso-Paraffin, wt% 16.7 24.9

Olefin, wt% 0.6 0.9 4.1

Naphthene, wt% 39.6 55.0 6.9

Aromatic, wt% 9.9 34.6 37.7

Oxygenate, wt% 0.8

Source: UOP Presentation to National Petroleum Refiners Association, February 2008
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Bio-oil Hydrocarbon Product Cost Estimates

From Wood From Corn Stover
Production Cost 2.01 1.80
$/gal
Production Cost etoh 1.27 1.13
equivalent $/gal
Gal etoh equivalent / 148 126
ton
% carbon recovery ~45 ~45

Source: UOP Presentation to National Petroleum Refiners Association, February 2008

Addition of char to
soill >

* Observed in ancient Amazoian soils

 Bio-char is highly stable in soil and can persist

thousands of years.

» Enhanced nutrient retention mechanism (water

retention, microbial & fungus habitat, minerals)

» May offer potential for significant carbon

sequestration (~3 tons CO2/ton char)

* Positive effects inconclusive in some

geographical regions (needs further study) “Normal” Soil

Terra Preta Soil

Source:2007 Grossman J.M., Farmers' understanding of soil processes. Low External Input and Sustainable Agriculture
(LEISA). Issue title: "Ecological Processes at Work" 22(4):24.
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Multiple Benefits of Bio-oil to Hydrocarbon Fuel Te chnology

Biomass domestic fuel production can displace
significant amounts of petroleum based fuel
Commercial viability appears favorable for the near
term (5-10 years)

CO2 sequestration with biomass pyrolysis and
char incorporation in soil can potentially be a net
negative carbon sink

Terra Preta soil enhancement can potentially
improve forest health and agricultural productivity

Emerging industry for domestic jobs in rural
economies

Appropriate forest management can benefit long
term forest health and minimize fire risk
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C+02=c02 C+H20=CO +H2 Air Plenum
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GTI RENUGAS Directly-Heated Single-Stage Pressurized,

Steam-O,

SYNGAS

Cyclone
(Optional)
Low Pressure

Gasifier

Freeboard
Disengaging |
Zone
Fluidized
Bed

Injector

BARK & S
SLUDGE
AR ﬁ

AIR / STEAM

Bottom Ash
Removal

Fluid-Bed Gasifier

Converts fossil, biomass and waste
fuels to syngas

Operates at Low or Elevated
Pressures

95%* Carbon Conyversion
75%* Cold Gas Thermal Efficiency ©"eade. flinois

Tampere,
Finland

Paia, Maui,
Hawaii
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Choren Two Stage Gasifier

«Existing 1 MWt unit
«45 MWt unit under const (4.36 Mil gal diesel/yr)

Commercial Systems
Thermochemical Conversion
Of Biomass and Black Liquor
Product =—> Bio-Oll Syngas Nuon (Buggenum)
Changing World Dry Ash <S=====> slag Future Energy (Siemens)
Technologies
GTI (02) Chemrec (O2)
Gas Product: PNNL Wet Carbona (02) Noell
Gasification (CH4/H2) HTW 02) Choren
High Foster Wheeler (02)
Pressure 10-25 MPa 1-3MPa 2-3MPa
Feed: Biomass Feed: Biomass Feed: Black Liquor
FERCO (Indirect)
MTCI/TRI (Indirect)
Pearson (Indirect)
Low TUV (Indirect)
ENSYN TPS (Air)
Pressure DTG Carbona (Air) Chemrec (Air)
0.2 MPa BTG Lurgi (Air) MTCITRI
Fortum Foster Wheeler (Air)
EPI (Air)
Prime Energy (Air)
Low Medium High
(300-600C) (700-850C) (900-1200C)
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