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Background

Conversion of plant lignocellulosic
biomass is a key process on recycling
of organic carbon in the global
biogeochemical cycle.

R&D aim to convert lignocellulosic
biomass to useful and/or high value-
added products (i.e. fuels, chemicals,
biomaterials).

The concept that integrates the
lignocellulosic biomass conversion to
fuels, materials, chemicals is called

Biorefinery.
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Lignocellulosic Composition (%dry basis)

Cellulose Hemicellulose Lignin
Rice straw 35 25 12
Corn cop 45 35 15
Corn stover 40 25 17
Bagasse 40 24 25
Switchgrass 45 30 12

Wheat straw 30 50 20



Biorefinery

A biorefinery is the technology that integrates biomass conversion
process to produce fuels, power and chemicals.

Biorefinery Concept
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Products/Uses

Industrial

Corrosion inhibstors, dust contral,
boiler water treatment, gas
purification, emission abatemsant,
specially lubricants, hoses, seals

Transportation

Fuels, cxygenates. anti-freeze, wiper
fluids molded plastics, car seats, belts
hoses, bumpsars, comosion mhibitors

Textiles

Carpets, Fibers, fabrics, fabric
coatings, foam cushions, uphaolstany,
drapes, lyora, spandex

Safe Food Supply
Faood packaging, preservatives,

*Iferilizers, pesticides, baverage

botles, appliances, baverags can

! |=oatings. witamins

2 | Environment

Wazer chemicals, flocculants,
chedators, cleaners and delergents

Communication
Molded plastics. computer casings.

“| optical fiber coatings, quid crystal

displays. pens, pencils, inks, dyes,
paper products

Housing
Painis. resins, siding. insulation,

| cements, coatings. vamishes, flame

retardents, adhesives, carpeting

Recreation

Footgear, proteciive squipment,
camera and film, bicycle pans & tires,
wel suits, @pes-C0Ys-DVDFs, golf
sguipment, camping gear, boats

Health and Hygiene

“MPlastiz eysglasses, cosmetics

detergenis, pharmaceuticals, suntan
lotion. medical-dental produsts,
disinfactants, aspirin

Figure 3 — Analogous Model of a Biohased Product Flow-chart for Biomass Feedstocks
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|. Syngas conversion pathway
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Syngas conversion: Dimethyl Ether (DME)

What i1s Dimethyl Ether ?

DME (CH;OCH,) , the simplest ether , colorless and
odorless, contains no sulfurs or aromatics.

Alternative fuel for diesel or liquefied petroleum gas (LPG)
high cetane number (55-60)

no SO, , low NO, emission and low pollution for
environmental after combustion.



Syngas conversion: Dimethyl Ether (DME)

e EXxpect to become a fundamental chemical feedstock
In the near future.

e Easily liguefied and can be used as a transportation
fuel.

e Can be produced in large quantity through natural gas
or coal.



Syngas conversion: Dimethyl Ether (DME)

(CH3O0CH;3)

Biomass A | Syngas B | Methanol
(CO+H,) (CH3;0H)
Combined
" Methanol/DME
processes
A) Gasification
C,H, + oxidants = CO + H,
B) Methanol Synthesis (Syngas to Methanol)
CO +2H, -=> CH,0H

C) Methanol Dehydration (Methanol to DME)
2CH,OH

>  CH,0OCH, + H,0




Syngas conversion: liquid alkanes

Fischer—Tropsch (F-T) is regarded as technological schemes
for converting synthesis gas to transportation liquid fuels.

The proposed and future facilities will be substantially less
costly than their very expensive predecessors. Cost reductions
will be attributable to improvements in catalyst/reactor design.
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Syngas conversion: Fuel Cells

A fuel cell is an electrochemical device that produces

electricity and heat directly from a gaseous fuel by
electrochemical combination of the fuel with an oxidant.

Anode Reaction :

Fuel H,+0> > H,O+ 2e (Oxidation)
] CO+0% > CO,+2e (Oxidation)
E Anode
e- hox4
e Electrolyte
"‘ Cathode Reaction :
Oxidant O,+4e - 0% + 0O* (Reduction)

: 1/20,+H, > H,0
1/20, + CO > CO,



Syngas conversion: Fuel Cells
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Syngas conversion: Fuel Cells
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|. Sugar conversion pathway
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Pretreatment of lignocellulosic biomass
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Fractionation of lignocellulosic biomass

General Concept of Fractionation
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Fractionation process for local lignocellulosic bio

5 JGSEE

of Energy and

Cellulose

fiberization
&
|
" Soid
Biomass ks
' |
‘E SolidMNiquid
ractionation| ———— separation
+
|
Sofvent
mixiure

Liguid

fraction |
 separation

| Cellulose
washing

Phasze

Organic
phase

Lignin
isolation

CH,OH CH,0H
0 o OH
OH OH
— Cellulose HO OH HO
OH OH
a_glucose B'QIUCGSE

AQuegus

£358, Hemicellulose

* Lignin

Ternary mixture of methyl isobutyl ketone

—> (MIBK), ethanol and water.

JGSEE KMUTT

The Joint Graduate School of Energy and Environment

King Mongkut's University of Technology Thonburi, Thailand



Fractionation process for local lignocellulosic bio mass

Phase separation at various temperatures
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Lignocellulosic-ethanol production
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Production of furans and organic acids
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Biomass-to-liquid (BTL) Production
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G.W. Huber et al, Science, 308 (2005) 1446
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Molasses
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