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From Lignocelluloses to Chemicals

T
T#,;l Lignocellulose Constituents (Wood)
f ma
- g

Extractives ngnm i3 ; {o‘; & : s

o o g
VTl
HTB Fast Pyrolysis Principle

Chemolysis
(alkali, acids, steam,
solvents, enzymes)

Thermolysis

(pyrolysis,
gasification)

Products of Fast Pyrolysis from Py-GC/MS

= Fast chemical degradation
due to rapid heating in the
absence of oxygen

= Process characteristics:
- Temperature 500 °C
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- Pressure 1 bar
- Particle size <5mm
- tvapours <2s

= The main product is a liquid:
Bio-Oil or Bio Crude Oil
(BCO; approx. 70 wt.%)
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orefinery Concepts

m General

— no competion with food

= Classic approach

- limited feedstock selectivity
(conditioning)
(pretreatment necessary with
pressure processes, e.g.
organosolv, steam)
- separation & cleaning
Use only after conversion or
modification (degradation to

- Use of lignocelluloses (LC): wood, residues (e.g. straw, bagasse)

- restricted accessibility of biopolymers => pretreatment =>conversion

= Thermochemical approach
- broad selection of raw LC

materials (e.g. straw, bark,
DDGs, shells, etc.)
simple thermal treatment by
fast-pyrolysis at atmospheric
pressure
- decentral conversion -

central refining (separation &
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[ wre ... and the Concept
LC Materials
,Homogenization“
thermo-chemical
conversion by
fast-pyrolysis into
Bio-Oil + Coke
Generation of Chemicals
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[ wrB CO Overall Composition

B Monomers M Oligomers (pyrolytic lignin) & Water

monomers, functionalisation, cleaning)
polymerisation) - Direct or indirect use after
modificationen
VTl
e O Properties
Analysis Pyrolysis liquids Light fuel oil
(Tempera 15)
Water, wi % 20-30 0.025
Sokds, wi % 0.01-1 0
Ash, wt% 00102 001
Niwogen, wi% 0-04 0
Sulfir, wt % 0-0.05 02
Subility Unsaabk: Suble
Viscosity (40 °C) ¢St 15-35 3075
Density (15 °C). kgidm 1.10-130 089
Flash point, °C 40-110 60
Pour point, °C 9..36 -15
LHV, MJkg 1318 403 .
pht 2.3 Neutral
Distillability Not distllabk: 160-400 °C 3
1 MJ Feedstock 1 MJ Product
Prins, W, 2007
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e Conceptual Pyrolysis Process
Char Cool &
BIOMASS separation  collect
Gas
Drying Grinding
<10 % <3mm
BIO-OIL
Coke

VTl -
hme Process Modifications
Char Cool &
BIOMASS separation  collect
Gas
Drying Grinding
<10% ° <3mm
BIO-OIL
Pretreat
« Whole biomass Coke
- Remove ash Pyrolyse
- Add caFaIyst « Vary parameters Upgrade
« Separate bio-polymers - Temperature « Physically
into cellulose and lignin - Time - Staged condens.
- Plulping ) - Pressure « Chemically
- Biorefineries - Atmosphere - React, derivatize

« Add catalysts - De-oxygenate

- Gasify to syngas
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= Pyrolysis: Pressurised H,and Catalyst

Guajakol
Mo-Guajakol

without catalyst

Er-Guajako.
Pr-Guajakol |
PPTTE—
1S

with catalyst

Phenol
m/p-Kresol

Et-Phenol
Pr-Phenol
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Phenol Cresols Xylenols
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&HTB Pretreat: Acid Addition => Carbohydrate Synthons
Figure 1. Influence of phos phoric acid on the 1,6-
anhydrosaccharides content in volatile products HC
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Figure 2. Influence of phosphoric acid on the 1,6-
anhydrosaccharides content in volatile products o
Cellulose
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|« VTl Pretreat: Separate => Phenols from Fast Pyrolysis
HTB of Kraft Lignin in a CFB
o0s Phenol 20 =
internal
- o-Cresol standard
a5 p/m-Cresol
208 2,4/2,5-Dimethylphenol
‘ L 4-Ethylphenol
b ol JL L l Lyf4-Vinylphenol
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e Upgrade Physically: Staged Condensation

Tl Upgrading Options for BCO
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Pyrolysis, 5 kg/h,
VTl

— difference to

= Reaction
- Add NH;, urea =>Slow N-
release fertilizer
- Add lime => BioLime™
=>NOx/SO, reduction

= Separation
- Add water => Flavour,
Adhesives

- Add high pressure steam
(HPTT) => oxygenates, tar

= Cracking
- Synthesis gas => FT-Diesel,
MeOH, DME
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8. N-modified BCO

N-modified BCO

April October
—=— Conventional fertilizer
—e— N-BCO
Tl
= GC-Detectable Bio-Oil Components
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7= . 8 = Guajacol, 9 = 4 10 = 4-Ethy) I, 11 = Eugenol,

12 = Catechol, 13 = Isocugenol, 14 = Vanillin, 15 = Resorcinol, 16 = A cetoguaiacone, 17 = Guajacylacetone, 18 =
1-ce

19 = Levogh 0-

sc-CO, Extraction

sc-CO, Extracts

sc CO, mini-plant,
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;%: : Add Water => Isolation of Pyrolytic Lignin => Resins
precipitation I:"\) filtration/washing
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HTB SPE Sugars and Phenols

Sugar fraction

Phenolic fraction
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= Evolution of Fast Pyrolysis Processes
Scale Commercial

Demonstration

200 tpd plant at Dynamotive,
Guelph, CAN

20 kg/h PDU at VTT, FIN

>

1985

2005

1995




l<VTI proFagus, Bodenfelde, Germany: Commercial Plant for l<VTI : . ) (E -
HTB Charcoal (35.000 tpy) & BCO (20.000 tpy) HTB BCO Deoxygenation =>BIOCOUP (FP 6)
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ws  BCO Gasification => FZK-BIOLIQ => MeOH = »zZero-waste“ Concept
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