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What is Biomass Gasification?

Thermochemical conversion of a solid or liquid carbon containing 
fuel into a calorific syngas (H2, CO, CH4, CO2, H2O, N2)

Major steps: 
Drying – Pyrolysis – partial oxidation – reducing/reforming

Fuels:
e.g. Coal, biomass (wood, straw, power crops, …),

sewage sludge, waste, …
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Gasification applications 

1. Heat production (Utilisation of the gas into furnace/boiler.) 

2. Combined heat and power

i. ICE

ii. GT 

iii. Combined cycle (B-IGCC)

iv. Fuels Cells 

v. Stirling Engines 

3. Liquid fuels and Chemicals 

I. MeOH, DME

II. Fischer – Tropsch synthesis (hydrocarbons / alcohols) 

III. SNG 

IV. H2

V. Chemicals 
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BAT levels
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Gasification process classifications 

Depending on the gasification agent

1.Autothermal Gasification

Air: Lower CAPEX , Final product diluted into Ν2.

Ο2 or rich O2 , requirement of an ASU

2. Allothermal Gasification 

Water Steam 

Final product with higher LHV and H2 και CH4 contents.

Part of the biomass must be combusted into another vessels and 
heat must be tranfered to the gasification vessel. 
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Based on gas flow pattern : 

� Fixed Bed Gasifiers

� (Updraft) 

� (Downdraft)

�(Fluidised Bed)

� (Bubling Fluidised Bed)

� (Circulating Fluidised Bed)

Based on operating pressure :

� Atmospheric or Near atmospheric operation 

� Pressurized 

Gasification process classifications 
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Gasification of a biomass particle 

Pyrolysis

Char 

CO, CO2, H2, H2O, CH4

Gasification 

Tars , Organic molecules

CO, CO2, H2, H2O 

Ο2, H2O 

Biomass Particle 
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Gasification chemistry 

+ Fate of Sulphur and Nitrogen



Confidential

Gasification basics - CHO
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Air Gasification 
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Air Gasification 
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Gasifier applications 

Kokemaki - Finland

� Fuel capacity : 7,2 MWth

� Electricity : 1,8 MWel

� District Heating : 4,3 MWth
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Gasifier Applications 
Tervola - Finland

� Fuel : 2,0 MWth

� Electricity : 0,45 MWel

� District heating : 1,1 MWth
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Gasifier Applications – Specifications 
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2-stage downdraft gasifier*

Fuel Exhaust gas

M

Drying and pyrolysis

Partial
oxidation

Gasifi-
cation

Engine

Cooling and gascleaning

ParticlesAir D.H. Air preheat
Bottom

ash
Conden-

sate

50.000 Mg/Nm 3

500 Mg/Nm 3

25 Mg/Nm 3

5 Mg/Nm3

*Viking Gasifier – DTU – Denmark 
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Fluidized bed gasification 

0.21 – 2m/sSuperficial velocity of gasifier

Conditions for Bubbling Fluidization

3 – 6m/sSuperficial velocity of gasifier

VALUEUNIT

Conditions for Circulation Fluidization

� Diverse solid fuels ,  Up- scalling ,  Large particle carryover 



Confidential

Bubbling Fluidized bed Mode 
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Fluidized bed gasification applications 

� Gasifier integrated with coal 
based combustion unit / 
Kymijarrvi, Lahti Finland 

● 300 GWh per annum biomass & 
RDF - Fossil fuel replacement 

● Cheap solution – direct use in 
existing boiler – avoiding co-
feeding solid biomas and coal. 
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Varnamo IGCC- Sweden

� 18 barg / 950 - 1000 oC

� Hot gas cleaning 

� LHV = 5 MJ / Nm3

� Fuel : 18,0 MWth

� Power : 6,0 MWel

� Heat : 9,0 MWth

Fluidized bed gasification applications 
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I.G.C.C 
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Allothermal Gasification  

1) Twin Bed Reactor 

2) BioHPR Biomass Heat 

Pipe Reformer  
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Fluidized bed gasification applications 

Gussing - Austria

� FICFBC Gasifier

� Near atmospheric 

� Fuel : 8,0 MWth

� Electricity : 2,0 MWel

� Heat : 4,5 MWth
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Vermont IGCC- USA

� Allothermal Pressurized 

� HHV = 11-14 MJ / Nm3

� Diverse fuels – 200 tn/d

Fluidized bed gasification applications 
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Different gasifiers – Different product gases 

Table 2 : Composition of product gas for different reactor types [2]

GoodFair13.4121182040Pyrolysis

PoorFair17.402104831Dual fluidized bed

GoodGood10.432154832Downdraft/oxygen

FairGood5.7481132117Downdraft / air

GoodPoor5.553392411Updraft / air

PoorFair5.450720149Fluidized bed / air

DustTar

Quality of SyngasHHV
(MJ/m 3)

N2CH4CO2COΗ2
Type of reactor
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Fluidized Bed Gasification research - CERTH
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Various Technical RTD Aspects 

on line multi-component gas analyzers (H2, CO, 
CO2, CH4, O2/N2), Tar Protocol, FTIR, metal 
sampling system (Cd), (TI), (Hg), (Sb), (As), 

(Pb), (Cr), (Co), (Cu), (Mn), (Ni), (V), (Sn)
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Σωµατίδια 
τέφρας στην 
αέρια φάση 

.  . 

. . . . 

... 

Κόκκος 
κλίνης 

Επικάλυψη 
Συγκόλληση των 
επικαλύψεων 

(2) 

Bridging between 
bed inventory 

particles 

Full coverage of bed 
inventory particles. 

Various Technical RTD Aspects 
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Examples of agglomerates 

Arundo Donnax
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Giant reed in Quartz 

Sorghum in olivine 

Olive baggase in olivine 

SiO2, K2O, 
MgO, CaO

SiO2, K2O 

SiO2, K2O

Examples of agglomerates 



Confidential

Giant Reed in Qrtz

Shorghum in olivine

SiO2, K2O

SiO2, K2O, 
MgO, CaO

Examples of agglomerates 
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Characterization of impurities – Tars 
1. Primary products: characterized by cellulose-derived products such as 
levoglucosan, hydroxyacetaldehyde,and furfurals; analogous hemicellulose-
derived products; and lignin-derived methoxyphenols;
2. Secondary products: characterized by phenolics and olefins;
3. Alkyl tertiary products: include methyl derivatives of aromatics, such as 
methyl acenaphthylene, methylnaphthalene, toluene, and indene;
4. Condensed tertiary products: show the PAH series without substituents: 
benzene, naphthalene, acenaphthylene, anthracene/phenanthrene, pyrene.
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Characterization of Impurities – Tars and their effect

Test 1

Test 2

Test 3

~ 178-338

~ 0

~ 3000

Tars [mg Nm -3]
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Gas cleaning Requirements for power – CHP applications 

GTICESOFC

0.5

0.1

0.5

1.0

1

100-Tars (ppmw)

--Alkalis (ppmw)

-1Halogens (ppmv)

-1H2S (ppmv)

-5000NH3 (ppmv)

500.1Particles (ppmw)

Upper limit 
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Potential Syntheses of Fuels and Chemicals 

● Fischer – Tropsch

● MeOH - DME 

● H2 (for example for H2O2) 

● bioSNG
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FT-synthesis plant 
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Syntheses  

50-100220-275Cu/ZnO/Al2O3

>99% with recycleMethanol

99% (25% 
max/pass – 4-

7% Actual 
pass)

3250-350350ZnO/Cr2O3MeOH
synth
esis

WaxesRu

ASF – 40% maxWaxes diesel2,157-12200-240Co

ASF-48% (max)
15-40% actual

a-olefines
gasoline

50-90% with recycle

1,710-40300-350Fe
FT 
Synth
esis

H2/COP [bar]T [oC]
SectivityProducts

% conv
(CO basis)

Process Conditions
CatalystProcess
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Gas cleaning requirements 

[6]0.005 ppmvFe and Ni

[7]0.001 ppmvHalides

[6]
<0.5 ppmv
(<0.1 ppb HCN)

Sulfur (not COS)

MeOH synthesis

[1]-[5]0 ppmSolids 

[4] –[5]20 ppb

10 ppb HCN

0.2 ppm NOX [3]

10 ppm NH3

Nitrogen

[2]10 ppbHalides

10 ppb

60 ppb

1000 ppb
[1]
[2]
[3]

[4] – [5]

200 ppb

Sulfur

FT Synthesis

Source/CommentsLevelContaminantProcess
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bioSNG production 



Confidential

Particle Removal
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Effectiveness in particle removal 
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Na2CO3 + HCl ↔NaCl + CO2 +H2O ZnO(s) +H2S ↔ ZnS(s) +H2O

HClCOOHp PPPK /
22

= SHOHp PPK
22

/=

Shift : CO + H2O ↔ CO2 +H2

Gas species cleaning with solid phase sorbents  
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Tar elimination techniques 
Thermal tar treatment
Thermal tar treatment systems work on the basis of partial oxidation of producer 
gas loaded with tarry contaminants situated after the gasifier. Partial oxidation 
converts tar on the expense of calorific value in the producer gas. Thermal tar 
treatment is rather unusual in gas cleaning – this type of tar treatment presents 
itself rather as a possible process step for the reduction of the tar release potential 
in gas production through primary measures.

Catalytic tar treatment systems
Catalytic tar treatment is based on the principle of tar cracking through 
thermochemical reactions supported by catalysts. The cracking or reforming  
process leads to a decomposition of tarry compounds which results in the 
successive formation of permanent gasphases and lighter tar compounds. 

Use of special Solvents 

Use of Activated Carbon 
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Mapping of Gas Cleaning T, P, application etc 
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Entrained flow gasification 
Examples : 
Liquid biomass: black liquor , pyrolysis oil 
Or fine-grained ground solid biomass (torrefied) < 0.1 mm (10 µm) 

• Usually use of oxygen. 
• The retention time is only a few seconds, and so gasification has 
to take place quickly at temperatures between 1200 and 1500°C. 
• The high temperatures ensure a complete conversion of the 
hydrocarbon compounds resulting from pyrolysis of the fuel. 
• The reactivity of the fuel regarding the heterogeneous gas/solid 
reactions is of secondary importance because the boundary layer 
determines the speed of the entire process. 
• The ash melts and accumulates after adequate cooling as slag.
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Black Liquor gasification* 

Raw gas

Green 
liquor

Condensate

Black liquor

GAS COOLER

REACTOR

QUENCH

White 
liquor

Boiler feed
water*

LP-
steam*

MP-
steam*

Weak
wash

GASIFICATIONGASIFICATION

SEPARATION
OF GAS AND

SMELT

SEPARATION
OF GAS AND

SMELT

PARTICULATE 
REMOVAL AND
GAS COOLING

Oxygen

Atomising
medium

Cooling water

SULPHUR CLEAN-UP

SHORT-TIME
CONTACTORS

Purified and 
cooled syngas 

(to flare)

* Cooling water in DP1

© Chemrec AB 2005
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Physical / Chemical Solvents* 
● Chemical solvents for acid gas removal, such as MDEAs

(methyldiethanolamine) form chemical bonds between the acid gas (H2S,CO2) 
and the solvent. 

● Physical solvents for instance Selexol or Rectisol remain chemically non-
reactive with the gas, and salts formation is avoided. 

● Chemical solvents are favourable at low acid-gas partial pressures, whereas 
physical solvents are favoured at high acid-gas partical pressures [13]. 

● The Selexol process is a dominant acid-gas removal system in gasification 
projects [13]. The process solvent is a mixture of dimethyl ethers of polyethylene 
glycol [CH3(CH2CH2O)nCH3] , n is between 3 and 9. 

● Rectisol, which uses methanol for absorption, can remove H2S to lower 
concentrations than Selexol. Since downstream catalysts in biorefineries for 
DME and for FT synthesis require H2S concentrations of the order of 0.1 ppmv
to prevent sulfur poisoning [7], the Rectisol® is chosen.

● State-of-the-art Rectisol process involves the cryogenic process in a methanol 
scrubber at -70°C up to room temperature, thus rehe ating the product gas for 
higher alcohol syntheses brings inevitable high energetic loss. 

● For synthesis of mixed alcohols, the catalyst is a molybdenum-sulfide based 
material that has a much higher tolerance for sulfur (at least 100 ppmv), so 
Selexol® is more appropriate. 

A Cost-Benefit Assessment of Biomass Gasification P ower Generation in the Pulp and Paper Industry 

FINAL REPORT , Princeton University , 2003
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Thank you for your attention!

Any questions?ANY QUESTIONS ?


