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m Biodiesel
Transesterification with methanol
Hydroprocessing
Deoxygenation

m Ethanol

Fermentation

Cellulose to ethanol
Gasification-fermentation
Other alcohols

m Gasoline
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Palmitic

o:<
o + methanol,

homogeneous base
O\ /—& catalyst
\ O O
. / .
alpha-linolenic >/—Ole|c

O

HyC—0

. Palmitic methylester — C,.H;, COOCH3
L oH H,C—0 \\
‘ o Oleic methylester — C,,H;,COOCH3
L_oH H,C—0 \ / /
alpha-Linlenic methylester- C,.H,,COOCH3
Glycerol

(the byproduct) Fatty acid methyl esters (the biodiesel)
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Well established, high conversion
Multiple scales, batch or continuous

Homogeneous (base) catalyzed conversion
Produces soaps

Requires a water washing step
Raw oil needs to be refined
m <0.5% FFAs, <0.5% water

Significant volume byproduct (glycerol)
Diesel characteristics
Good cetane number

Superior emissions
Stability (oxidation) issues

Cloud point and pour point higher than desirable
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m \WVaste reduction
m Byproduct elimination or utilization

Process simplification

mproved biodiesel properties
Low temperature properties
Stability for storage
Existing fuels infrastructure compatibility
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m Heterogeneous catalytic transesterification
Reusable catalyst
Little to no saponification

Easy separation of glycerol (no washing)
Higher purities of glycerol (commercial grade)

m [riglyceride or FAME processing

Partial or complete double bond saturation via
hydrotreating

Decarboxylation
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Methanol

MineLaJ_aQJ% Wa‘fer

Vegetablg Reactor L] Settler Neutr ion/

Biodiesel
Evaporation —

Y

.
:

oil g washi
Catalyst :
[ Gly Gly?erln
.| purigFagon + water
Mineral acid i and salts

Fatty acids



m Catalytic decarboxylation (removal of oxygen in
the form of CO,)

m Hydrogenation to saturate double bonds
m Hydrotreating to remove oxygen as water
m Hydrocracking to decrease carbon chain length




m Gasoline from oxygenates
Glycerol, alcohols from biofuels processes

m Biofuels from syngas (CO plus H,)
Syngas via biomass gasification
Alcohols (OSU process)
Fischer-Tropsch (catalytic diesel production)

Gasoline (via oxygenates-to-gasoline catalytic
processes)
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