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Hemicellulose : 
amorphous polymer of 
xylose (C5-sugar), C6 
sugars and a variety of 
side-chains

Cellulose : polymer of 
glucose (C6-sugar) 
with both crystalline
and amorphous
regions

Lignin : amorphous copolymer of phenyl-propene units; 
formed via a random radical copolymerisation of: (1) 
coumaryl alcohol, (2) coniferyl alcohol, (3) sinapyl a lcohol
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100 °C 200 °C 300 °C 400 °C 500 °C

Degradation rate (arbritary units)

Temperature

Hemicellulose degradation:
fast, low temperature, narrow range 

products: acetic acid, furfural

Cellulose degradation:
very fast, medium temperature, narrow range 
products: formic acid, acetol, levoglucosan

Lignin degradation:
slow, medium  temperature, broad range
products: methanol, phenols

Overall degradation products: reaction water, tarry co mpounds, permanent gases, char

Overlapping thermal stability complicates the 
selective devolatilisation of products; therefore a 

careful selection of catalysts, temperature, heating
rate and residence times is needed!

Hemicellulose

Cellulose

Lignin
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(Catalytic)
Pyrolysis

300 – 600 °C

(Catalytic)
Gasification

> 600 °C

Product separation and (catalytic) upgrading

Crude Crude Crude

Water

Chemicals
Fuels
Power
Heat

Fine, base & platform chemicals

Biosyngas 
(CO, H2)

Ligno-
cellulosic
biomass

anhydrosugars 
(levoglucosan)

100 °C

200 °C

300 °C

400 °C

500 °C

600 °C

Moisture 
(drying)

Extractives
(terpenes , 

lipids)

acids 
(acetic acid )

furans 
(furfural )

(HMF) 

phenols
methanol 

charcoal

Torrefaction (150-300 °C)
for enhanced wood fuel Flash pyrolysis (450-550 °C) for bio-oil

Carbonisation 
for charcoal

Use of catalysts

100 °C 200 °C 300 °C 400 °C 500 °C 600 °C

Moisture Hemicellulose Cellulose

Lignin

Hemicellulose ���� Cell ulose ���� Lignin

Thermal stability ranges of the main biomass constituents

Drying
25 – 150 °C

Torrefaction
150 – 300 °C
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TGA Poplar; weight loss and weight loss rate
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Two-staged (260 C-290 C) -> (310 C-350 C) degasific ation of 
lignocellulosic biomass; overall material balance
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filtration, 
washing. 
drying

wood

solid 
residue 

aqeous
filtrate

analysis 
(proximate, 
ultimate, 
elements)

analysis organics
(GC/MS/FID, IC)
analysis sugars
(HPLC) 

bubbling 
fluidised bed
pyrolysis 

autoclave
volume: 0.5 l

stirring, temperature �
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Argon and/or nitrogen 
fluidisation gas

Product gas sampling

VentNitrogen

Manually or screw 
operated feed 
bunker

Heater

Cyclone

Cyclone ash 
collection bin

Freeboard

Feeding screw

Bubbling
fluidised

bed reactor

Heated soxhlet 
particle filter

Tar sampling system consisting of 6 
isopropanol filled impinger bottles, 
designed to trap both aerosols and 

condensible gas

Pump

Bubbling
fluidised 
hot sand

bed

-20°C

+40°C
Argon and/or nitrogen 

fluidisation gas

Product gas sampling

VentNitrogen

Manually or screw 
operated feed 
bunker

Heater

Cyclone

Cyclone ash 
collection bin

Freeboard

Feeding screw

Bubbling
fluidised

bed reactor

Heated soxhlet 
particle filter

Tar sampling system consisting of 6 
isopropanol filled impinger bottles, 
designed to trap both aerosols and 

condensible gas

Pump

Bubbling
fluidised 
hot sand

bed

-20°C

+40°C

Stage 1: aquathermolysis
(hot compressed water treatment)

Stage 2: fast pyrolysis in a 
bubbling fluidised bed
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aquathermolysis

fast pyrolysis

filter press

comminution

biomass feedstock

lignocellulosic residue

water
furfural / 
hydroxymethylfurfural
acetic acid

levoglucosan

char

pyrolysis
products

fluidisation
gas

aqueous
filtrate

residual
water

water recycle

gas recycle

hemicellulose
cellulose

lignin

beech

poplar

spruce

straw

residual 
bio-oil

targeted at cellulose

targeted at hemicellulose
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When compared to the original staged degasification concept, the aquathermolysis �
pyrolysis concept gives much higher yields of furfural and levoglucosan 
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STAGE 2 THERMOCHEMICAL PROCESSING AT 310°C 
Auger reactor degasification of the residu from sta ge 1 
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STAGE 2 HYBRID THERMOCHEMICAL PROCESSING AT 350°C
Bubbling fluidised bed pyrolysis of the residu from  stage 1
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STAGE 1 THERMOCHEMICAL PROCESSING 1 AT 260°C
 Auger reactor degasification
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STAGE 1 HYBRID THERMOCHEMICAL PROCESSING AT 200°C
Aquathermolysis in an autoclave
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DIRECT THERMOCHEMICAL PROCESSING AT 350°C
Bubbling fluidised bed pyrolysis
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Large scale filtration test
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